Ordering number : EN 35127 |

CMOS LS|

LC78836M

Digital Audio 16-bit D/A Converter
with On-Chip Digital Filters

Preliminary

Overview Package Dimension

The LC78836M is a 16-bit CMOS D/A converter that  unil: mm
includes 8x oversampling filters on chip. L is pin  3155.MFP24
compatible with the LC78835M and LC78835KM.

[LC78836M]
Functions and Features o
Digital Filter Block 24 =
» 8x oversampling filters: Three FIR filter stages (33rd- RARAAARRAH -t
order, 13th-order, and ninth-order filiers) - of o
» De-emphasis filter: Support for 32 kHz, 44.1 kHz, and _% - ey
48 kHz Fs frequencies
+ Soft muting LELYEEEELED) —1
« Noise shaper 15.8 .0.1:_”_
« Supports double-speed operation
D/A Converter Block qrj:[nm.umq, e g
= 16-bit dynamic level shifting D/A conversion " b
« Two D/A converter channcls on a smglc chip 0.4 L4 082
(synchronous outputs) SANYO: MFP24
+ On-chip output operational amplifiers
« System clock: Supports 384 fs, 392 fs, 448 fs, and
512 fs clocks
» Single 5 V power supply
» Low-voltage operation (3 V) also possible
» Si-gate CMOS process lor low power dissipation
Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg=0 V
Parameter Symbol Condilians Ratings Unit
Maximum supply voltage Vpp max -0.3 10 +7.0 v
Input voltage VN -0.31t0 Vpp + 0.3 v
Cutput voltage Vout -0.310 Vpp + 0.3 A
Operating temperature Topr ~3010 +75 °C
Storage temperature Tstg =401 +125 °C
Alfowable QOperating Ranges
Parametar Symbol Conditions min typ max Unit
Supply voltage Voo 3.0 5.0 55 v
Reference voltage (high) VretH Vpp-03 Voo v
Reference voltage (fow) Vrefl 1] 03 Vv
Operating temperature Topr =30 +75 kY
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LC78836M

DC Characteristics at Ta=-30to +75°C, Vpp =3.0t0 5.5V, Vgg=0 V

Parameter Symbol Conditions min typ mex Unit
Input high level voltage (1) Viu1 Pins 3,4, 5,6,7, 13, 14, 15,16, 17, and 18 2.2 v
Input low level voltage (1) Vit Pins 3, 4, 5,6, 7, 13, 14, 15, 16, 17, and 18 X} \
Input high level vollage (2) ViH2 Pin 11 0.7 Vpp v
Input low level veltage (2) Vy 2 Pin 11 0.3 Vpp A
Cutput high level voltage Vou Pin 8: lgy = -3 mA 2.4 v
Output low level voltage VoL Pin 9: g =3 mA 0.4 \J
Input leakage current I C:TSS: \5','0?; 7. 11,13, 14, 15,16, 17, nd 18: -25 +25 uA
AC Characteristics at Ta = -30 to +75°C, Vpp =3.0t0 5.5V, Vg =0 V
Parameter Symbol Conditions mir typ max Unit
QOscillator frequency L% The XIN pin when a crystal oscillator is used 1.0 25 MHz
Clock pulse width : tow When an external clock is input to the XIN pin 18 ns
Clock pulse period oy When an external clock is input to tha XIN pin 40 1000 ns
BCLK pulse width taow 60 ns
BCLK pulse period taey 120 ns
Data setup time pg 40 ns
Data hold time toH ‘ 40 ns
LRCK satup time t rs 40 ns
LRCK hold time LRH ' 40 ns

Audio Input Waveforms

e taow i tBow
tBCY T
i tps - tpy

tLRH . tLRg
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LC78836M

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

Parameter Symbol Conditions mir yp max Unit
DAC resolution RES 16 bits
Total harmonic distortion THD Forfe=1 kHz, 0 dB™ 0.08 %
Dynamic range DR For f= 1 kHz, —60 dB 92 94 dB
Crosstalk cT Forf=1 kHz,0 dB -85 dB
Signal-to-noise ratio SN JIS-A a6 100 dB
Full-scale output voltage VFS 2.8 3.0 3.2 Vp-p
Power dissipation Pd =2 a0 135 mw
Quiput load resistance RL Pins 21 and 23 5 k2

Note: 1. ¢ dB means full scale.
2. XIN amplitude (pin 11}: 1.5t0 3.5V, fy = 16.9344 MHz
The test circuil should be based on the sample application circuit.

Electrical Characteristics (2)
at Ta = 25°C, AVpp = DVpp = VrefH = 3.0 V, AGND = DGND = VrefL = 0 V unless otherwise specified

Parameter Symbol Conditions min yp max Unit
DAC resolution RES : 16 bits
Total harmonic distortion THD Forf=1kHz, 0 dB"! 0.10 %
Dynamic range DR Forfe=1 kHz, —60 dB 20 92 dB
Crosstalk CcT Fort=1kHz, 0d8 -85 dB
Signal-to-noise ratio SN JIS-A 94 98 dB
Full-scale output voltage VFS 1.65 1.8 1.95 Vp-p
Power dissipation Pd *2 20 a0 mWw
Qutput load resistance RL Pins 21 and 23 a0 kQ

Note: 1. 0 dB means lull scale.
2. XIN amplitude (pin 11): 0.9 10 2.1 V, fy = 16,9344 MHz
The test circuit should be based on the sample application circuit.

Block Diagram

DATA
‘ COEFFICIENT SIPO
MUTE ———] ROM. ot
D/N oy SOFT MUTE REGISTER
BCLK ——] 15 1
LRCK —_— TlMlNG MPY
INITB —= CONTROL | nd AN
EMP — > and ADDER
FS1 ——  TEST
FS2 —— = 1
CKSL1 ——= | - VrelH
|«——REFH
T DAC ———— VrefL
«——— REF L
XIN CLOCK Ll L[
XOUT GENERATOR
CKQUT -=———

CHiQUT CH20UT
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LC78836M

Pin Assignment

Pin Functions

) LC78836M
(1]

—
-]

Ex a
s 2 g

Dnn|o

Top View

Pin No. Symbol Function
1 REFH High-level reference voltage .
Normally connected through a capacitor to AGND,
2 VrelH High-level reference voltage input
3 MUTE ?:e[lggiflrizet‘ilr:;aﬂ:'lction is turneéd on by a high input.
a ON Standardfdouble-spegd mode sv_w‘tching input
Double-speed operation when high, standard when low.
5 BCLK Bit clock input
& DATA :?:g::l :sail:\dlaongr:‘sa-c'gﬁiglemem‘MSB-ﬁrst format.
7 LRCK IE:EI ::Iioscii:\;‘uplu\:ahen this pin is high, CH2 when low.
8 DVpp Digital system power supply
Clock output
9 CKOUT In 392 {s mode: outputs a 196 fs clock
In other modes: outputs a clock with the XIN frequency
10 XouTt Crystal oscillator output (System clock output)
11 XIN Crystal oscillator input (system clock input)
12 DGND Digita! system ground
K INITR !Fr:[;all.%?[if?n;;gﬁza;:jna:[en this pin is set low,
14 EMP De-er_nph_asis filter orvoff switclhinlg . .
The filter is turned on when this pin is set high, off when set low.
De-emphasis filter mode (32, 44.1, or 48 kHz) selection
15 FS1 :
FS1 L H H L
F82 L L } H H
16 Fs2 s 44.1 kHz 32KkHz | 48 kHz
System clock selection
17 CKSLt CKSL1 CKSL2 System clock
L L 304 fs
L H 382fs
18 CKSL2 H L 44815
H H S512ts
19 Vrefl Low-level reference voltage input
20 REFL Low-level reference vollage .
Normally connected through a capacitor to AGND.
21 CHz20UT CH2 analog output
22 AGND Analog system ground
23 CH1OUT CH1 analog output
24 AVpp Analog system power supply
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LC78836M

Operating Description

1. Digital Filters
The LC78836M performs the following calculations.

Standard speed Double speed
l s - l fs*
Attenuator Aftenuator
+ fs %) fg*
¥ o o
De-emphasis " De-emphasis '
first-order IR first-order lIR
¥y fs y fs*
33rd order 33rd order
FIR, x2 FIR, x2
2fs 2fs*
13th-order Ninth-order
FIR, x2 FIR, x2
| 4fs 4[s*
Ninth-order Nol
FIR, x2 oise shaper
8fs 4s*
3
Y
i Output to the D/A convarter
Noise shaper

s*: double-speed input
8fs . fsm 2 xfs

Output to the D/A converler

» Oversampling
The oversampling circuit consists of 2x interpolation filters (implemented as FIR filters) connected in series.
In standard-speed operation, the circuit implements 8x oversampling by connecting three stages of FIR filters
(33rd,131h, and ninth orders) in series. In double speed operation, the circuil implements 4x oversampling by
connecting two stages of FIR filters (33rd and ninth orders) in scries. Sce page 9 for the filter characteristics.
De-emphasis
The LC78836M implements digital de-emphasis with a first-order IR [ilicr. The filler coefficients correspond to
sampling frequencies (fs) of 32, 44,1, and 48 kHz. (The frequencies are doubled in double-speed operation.)
See page 10 for the filter characteristics when de-emphasis is on.
— De-emphasis on/off switching

De-emphasis on: EMP = high

De-emphasis off: EMP = low
— Filter coefficient selection

FS1 L H H L
FS2 L L H H
fs 441 kHz 32 ¥Hz 48 kHz
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LC78836M

» Soft muting
Soft muting is implemented using the on-chip digital attenuator.

The attenuator attenuation is given by the foltowing formula.
20 Log (ATT/64) dB

Here, ATT is an integer between 0 and 64 inclusive. However, the attenuation is —< when ATT = 0. When the
MUTE pin is set high, the ATT value is reduced one level at a time towards zero, and the attenuation changes,
moving towards —eo. When the MUTE pin is set low, the ATT value is increased one level at a time towards 64,
and the attenuation changes, moving towards 0 dB. The time required for the soft mute function to complete is
about 1024/fs.

MUTE

L —

| About 1024/ts seconds |

ATT

* Noise shaper
The LC78836M uses a first-order noise shaper to reduce re-quantization noise in the output of the DF calculations.
* Double-speed support
The LC78836M supports double-speed CD playback when the D/N pin is set high. In this mode, the BCLK,
LRCK, and DATA inputs should be input with twice the frequencies they have in standard-speed mode. Note that
the system clock (the XIN pin clock) has the same frequency as it does in standard-speed mode. The LC78836M
supports double-speed operation when the system clock is a 384 fs or 512 fs clock, but does not support this mode
for 392 fs and 448 fs clocks. Since the LC78836M enters test mode for these settings, they should not be used.
Standard-speed mode: D/N pin = low
Double-speed mode: D/N pin = high

. Initialization

The LC78836M must be initialized when power is first applied or when the system clock is switched. Initialization is
executed by setting the INITB pin low. While that pin is low, after the power supply voltage stabilizes, input the
XIN, BCLK, and LRCK signals, and wait at least one LRCK period, as shown in the figure below. ‘

When INITB is low, all 16 bits of the digital filter outputs will be zeros, and the D/A converter outputs (CHIOUT
and CH20UT) will be analog 0 (a potential essentially equal to (Vggpy + Vegr,)/2).

Powar supply
voltage

LRCK

INITB : /

One LRCK period or longst

No. 5127-6/12



L.C78836M

3. System Clock
The LCT8836M supports four sysiem clocks: 384 {'s, 392 s, 448 fs, and 512 fs. The CKSL1 and CKSL?2 pins select
the clock used.

CKSL1 CKSL2 System clock
L L 38415
L H 392 1s
H L 448 Is
H H 51214s
» CKOUT pin

For a 392 fs clock: OQutpuls a 196 [s clock (system clock/2)
All other clocks: Qutputs the system clock

XIN Xour CKQUT

l Other than 392 fs moda
o

L

!
Jen
392 {s mode
1/2

4. Digital Audio Data Input
The digital audio data is a 16-bit serial signal in an msb-{irst twos complement format. The 16-bit serial data is input
from the DATA pin to an internal register on the rising edge of BCLK, and is latched on the next LRCK rising or
falling edge.

BCLK MU_L ﬂ_ﬂ_ﬂ_ ﬂﬂ_ﬂ_

anx_i l—

CH1L CH2

oars b AR TR R o

Digital Audio Data Input Timing

AQOQ73T
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LC78836M

5. D/A Converter Block
The LC78836M incorporates an independent 16-bit D/A converter and an operational amplifier for signal output for
each channel (CH1 and CH2). It adopis a dynamic level shifting conversion technique that uses a resistor-siring D/A
converter, a PWM (pulse widih modulation) D/A converier, and a fevel shifling D/A converter. (See figure.)

vrefH O———

ZRH

REFH O————4

o CH10UT
CH20UT
|
.
g
Lower 4 bits
(D3 to DO}
REFL O
FRAL
vrefL O——— Uppar 8 bits Middle 4 bits
(D15 to DB) (D7 to D4) 400728

» Resistor-string D/A converler
This is an 8-bit D/A converter in which a total of 256 (= 2%) unit-resistance resistors are connected in series and the
potential applied to the ends of that resistor string is voltage divided into 256 equal intervals. Of these resistor-
divided potentials, two adjacent potentials, V1 and V2, arc selected by a swilching circuit according to the value of
the upper 8 bits of the data. These two potentials are output o the PWM D/A converter. Nole that these potentials
are related as follows:

V2 -VI1=(VH-VL)256

« PWM D/A converter
This is a 4-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 CHIOUT
(or CH20UT) pin according to the value of the middle 4 bits of the data (D7 to D4).

No. 5127-8/12
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* Level shifting D/A converter

This 4-bit D/A converter is implemented 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:
— The value 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 value of the resistor-string D/A
converter unit resistors) over the range zero to 15-R/256.

This causes the resistor-string D/A converter V1 and V2 outputs to change in AV/256 steps (where AV =
(VH —VL)/256) over the range 0 to 63 x AV/256 according to the value of the lower 4 bits of the data.

» VrefH/L and REFH/L pins
The VrefH/L pins, which provide a reference voltage to the resistor string, are normally set to VrefH = AVpp, and

Vrefl. = AGND. Note that capacitors (about 10 HF) should be connected between REFH and AGND and between
REFL and AGND.

When VrefH is 5.0 V and VrefL is 0 V, the LC78836M outputs its maximum output amplitude as the range 0.5 V
(minimum} to 3.5 V (maximum) (3.0 Vp-p) for 0 dB playback according to the built-in RH and RL resistors.

Filter Characteristics (logical values)

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

Standard speed (de-emphasis off)
0

IR
R
T T ITAAT

Attenuation (dB)

Sampling frequency {s
Double speed (de-emphasis off)

R [

Attenuation (dB)

3

b

2,
=

>

D

>

Sampling frequency fs*

Note: fs*=2xfs
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'~ De-Emphasls ON Translent Bandwldth Characteristics

« Standard Speed * Double Speed -
. ' Attenuation — f . Attenuation — f
el ™
-2.0 -2.0
A\
E} =4.0 \ - ~4.0 \\
=
5 A : \
3 6.0 \ £ -6.0
< -8.0 \ Z -8.0
32|k1"lz\\ \ 32kHz..,\
1 1
\ [~
100 44.1kHz {3 0.0 44.1kHzp s
?Sk]{%-ﬁ TSlelzg_____h
-12.0 5 7300 LT 3 STioy 23 5 -0 2 1o > Tk 2 3 S Thiok 57
Frequency - Hz Frequency - Hz

Sample Application Circuit

DVpp AVpp

o O

10u4F
FHLE I AVop [24]—
AGND 1o | yrery CHIOUT |23 LPF CHIOUT
Mute o > 3 { MUTE AGND hAGND
Standard/double |
spoed selaclion o > 4 | /N CH20UT (21 o LPF [> CH20UT
& *L5 BCLK REFL | 20 +
From >[5 | paTA VrefL 1__9]?7 AGND
o *> 7 | LRCK CKSBLZ [18 [*——°1 system clock
setting
{8 | pvp CKSL1 |17 pe——0
—
To the DSP = lUpF 1M 9 CKOUT F32 | 16 |0 Sarpplingkequency
+ 10| XoUT FS1 | 15 |«———0 ) s¢tng
11| XIN : EMP |14 [<—© De-emphasis
10pF
P (|7—Ll_l DGND INITB |13 [ Reset
DGND

DGND LC78836M

LPF: Low-pass filter (Fc = 20 kHz)
DVpp=AVpp =3.01t0 5.5 (V)

Note: 1. In the diagram, DVpp and DGND are fer the digital system, and AV and AGND are for the analog system. DGND and AGND must be connected
to the digital system and analog system grounds, respectively,
2. Alow-impedance high-stability power supply (equivalent to a commercial three-terminal regulator) must be used for AVpp and VrelH.
3. Since latchup can ocgur if there is & discrepancy in the pin 8 (DVpp) and pln 24 (AVpp) power supply voltage application timing, application circuits
should be designed so that the pin 8 and pin 24 power supply voltages are applied at the sama time.
4, Provide the XIN pin 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 pawer Is applied.
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LC78836M

Power Supply Application Timing

1. The analog power supply (AVpp) and the digilal power supply (DVpp) must be turned on at the same time and must
be turned off at the same time.

2. If discrepancies in the analog and digital power supply timings cannot be avoided, the timings must fulfill the
following conditions. ‘

« The difference between times when the power supplies rise must be 3 ms or shorter. (See Figure 1)
« If the time difference is greater than 3 ms, then the power supply that rises (falls) first must have a rise time (fall
time) of 5 ms or longer, and the time difference must be less than 50 ms. (See Figure 2)

3

Avpgp (DVpp? Avpp (Dvpp!

ODVpp (AVp Dvpp (AVpD)
Under 3 ms Under 3ms
‘ AQIBE4
Figure 1
AVpp (@vpp? Avpp (DVpo!
Over 5 ms Under 50 ms Over 5ms Under 50 ms

DvVpp (AVDD) L GVpp (AVDD
A02985

Figure 2
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W No producls described or contained herein are intended for use in surgical implants, life-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of

which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:

(D Accept full responsibility and indemnity and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and
distributors and all their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associated with such use;

® Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and distributors or any of their officers and employees

jointly or severally.

H 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 ils use or any infringements of intellectual property rights or other rights of third parties.

This catalog provides infermation as of June, 1995, Specitications and inlormation herein are subject to change
without notice.
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