CMOS LSI ZDECO SM5872A/B
Digital Audio D/A Converters with Built-in Digital Filters

NPRPC

NIPPON PRECISION CIRCUITS INC.

OVERVIEW

The ZDECO SM5872A/B D/A converters are high-speed converters for digital audio systems. They are fabri-
cated in Molybdenum-gate CMOS. They incorporate a two-channel, 16-bit D/A converter and a digital eight-
times oversampling filter, making them ideal for use in PCM and CD players and digital amplifiers. The
YDECO SM5872A/B operate at 32, 44.1 and 48kHz sampling frequencies and incorporate deempbhasis, atten-
vation and soft mute functions. These functions are controlled either by input pin logic levels or by the micro-
controller interface. The EDECO SM5872A/B linearly interpolates the input signal at a high multiple of the
original sampling frequency, and then requantizes the resulting signal. A fourth-order noise shaper removes
most of the quantizing noise before the signal is output as a pulsewidth-modulated waveform. The ZDECO

SM5872A/B operate from a 3.2 to 5.5V supply and are available in 28-pin SOPs.

FEATURES PINOUT
m Two-channel ZA D/A converter (Top view)
m 8-times oversampling FIR filter
* 69+ 13 + 5 tap, 8fs FIR filter xto[ |1 28] ]xm
+ 53dB stopband attenuation xvss[_| | ] xvop
* =+ 0.05dB passband ripple ckst[_| | ] avboa
m Fourth-order zero-shift noise shaper cko[ | | ]ro
u Digital deemphasis MuTeO | | ]avsse
m 128-step, linear attenuator MUTE! [ | :| RON
m Soft muting mcom[_| | ] avopa
m [3-level, quasi-symmetrical PWM outputs trel | | ] avopz
m Normal- and double-speed operation (SM5872A goki [ | | Jon
only) oi[| [ Javsst
m On-chip crystal oscillation circuit MDT/FSELT [_| [ Jro
= 2s complement, msb-first, 16-bit serial input data mcKFseL2 | ] AvoDr
format MLEN/DEEM [_| | Jovop
m Single 5V supply in normal- and double-speed rsTN[ 114 15| ] ovss
modes

Low-voltage operation

« 3.2V minimum supply voltage operation in nor-
mal-speed mode

¢ 4.5V minimum supply voltage operation in
double-speed mode

PACKAGE DIMENSIONS

(Unit: mm)

m Molybdenum-gate CMOS process
m Package: 28-pin SOP — o1s? 58
‘ L [
ORDERING INFORMATION |
. T
Device System clock Package O | ® 5
| f
256fs or 512fs : -t
SMsa72AS - SRR SIR IR N
(selected using CKSL) 28-pin SOP L w.ava 1
SM5872BS 384fs ‘
[ | \
O Iy y
i +0.10 z
7-‘—&-——""27*""5 0.4-005 g E
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CMOS LSI ~DECO SM5872A/B

MCOM LRCI BCKI Di
1 ! 1
MDT/FSELY ] Mi : Input interface and mute detector l———————————»ll MUTEO
icrocontrolier interface
MCIUFSEL2 .' * and deemphasis selection
MLEN/DEEM W—¥
Left Right
channel | channe!
MUTE! B—# Attenuation counter Filter and attenuator
Y
Left Right
channel |channei
RSTN B——» Y »8l CKO
Timiny |
control
CKSL l——»| >
| 2
Noise shaper |
Dvss W— Left channel se shap | f———m xvss
| Pulsewidth : i |
OVDD m—> modulator Right channel | ! XT0
' |
! I
! | |
! XTI
! i
| |
! 1
[ +— XVDD
| I [ e e 3
] \ | % )
[ |
AVDD1 m—— <7 ; ‘ & AVDD4
| 1 ]
I SR O J R S N
y A
| | - [ ]
LO AVSSH LON AVDD2 AVDD3 RON AVSS2 RO
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CMOS LSI ZDECO SM5872A/B

PIN DESCRIPTION

Number Name Description
1 XTO Crystal oscillator output
2 XVsS Clock ground
Clock frequency select input.
Frequency
Device
CLSL = HIGH CKSL = LOW
3 CKSL
SM5872A 512fs 256fs
SM58728 384fs Not used
Internal pull-up resistor
Clock output.
Frequency
Device
4 CKO CLSL = HIGH CKSL = LOW
SM5872A 512fs 256fs
SM58728 384fs Not used
5 MUTEO Mute detect output
6 MUTEI Mute input. Soft muting is ON when HIGH, and OFF when LOW. Internal pull-resistor
7 MCOM Interface mode select input. MDT, MCK and MLEN control is selected when HIGH, and
FSEL1, FSEL2 and DEEM when LOW. Internal pull-up resistor
8 LRCI Data sample rate clock input. Left channel when HIGH and right channel when LOW.
Internal pull-up resistor
9 BCKI Bit clock input. Internal pull-up resistor
10 DI Serial data input. Internal pull-up resistor
Microcontroller interface data input MDT when MCOM is HIGH, and local mode frequency
select input FSEL1 when MCOM is LOW.
FSEL1 FSEL2 fs
Low LowW 441 kHz
R MDT/FSEL1 LOW HIGH 480 kHz
HIGH Low 441 kHz
HIGH HIGH 320 kHz
Internal pull-up resistor
Microcontroller interface clock input MCK when MCOM is HIGH, and local mode frequency
select input FSEL2 when MCOM is LOW.
FSEL1 FSEL2 fs
LOW LOW 441 kHz
12 MCK/FSEL2 LOW HIGH 480 kHz
HIGH LOW 441 kHz
HIGH HIGH 320 kHz
Internal pull-up resistor
Microcontroller interface latch enable input MLEN when MCOM is HIGH, and local mode
13 MLEN/DEEM desmphasis control input DEEM when MCOM is LOW. Deemphasis is ON when DEEM is

HIGH, and OFF when DEEM is LOW. Intemal pull-up resistor.
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CMOS LSI ZDECO SM5872A/B

Number Name Description
14 RSTN Re§e! inpul. Normal operation when HIGH, and system reset when LOW. Intemal pull-up
resistor
15 Dvss Digital ground
16 DVDD 5 V digital supply
17 AVDD1 Analog supply 1
18 LO Left-channel positive PWM output
19 AVSS1 Analog ground 1
20 LON Left-channel negative PWM output
21 AVDD2 Analog supply 2
22 AVDD3 Analog supply 3
23 RON Right-channel negative PWM output
2 AVSS2 Analog ground 2
25 RO Right-channel positve PWM output.
26 AVDD4 Analog supply 4
27 XvDD Clock supply
Crystal oscillator or external clock input.
Frequency
Device
28 XTI CLSL = HIGH CKSL = LOW
SM5872A 512fs 256fs
SM58728 384fs Not used
SPECIFICATIONS

Absolute Maximum Ratings

DVss = AVss = XVss = 0 V, AVss = AVssi = AVss2, AVop = AVppr = AVpp2 = AVpps = AVpps
Parameter Symbol Rating Unit
Supply voltage range DVpp, AVpp, XVop -03 to 7.0 \
Input voltage range for all inputs except XTI Vin DVss — 0.3 to DVpp + 0.3 v
XTI input voltage range Viz XVss — 0.3 to XVpp + 0.3 v
Power dissipation Pp 250 mwW
Storage temperature range Tstg =40 to 125 deg. C
Soldering temperature Tswo 255 deg. C
Soldering time tstp 10 s
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CMOS LSI ZDECO SM5872A/B

Recommended Operating Conditions
DVss = AVgs = XVss = 0 V, AVss = AVssi = AVssz, AVpp = AVppr = AVppz = AVpps = AVppe

" Parameter Symbol Rating Unit
Supply voltage range ‘ DVpp, AVpp, XVpp 32155 v
Operating temperature range To -20 to 80 deg. C

Note
All power supply pins (VDD and VSS) must be connected to the same external power supply unit.
DC Electrical Characteristics

SM5872A
Normal supply voltage operation

DVDD = AVDD = XV])D =451t 55 V, DVss = AVss = XVss =0 V, AVss = AV551 = AVssz,
AVpp = AVpp:r = AVpp2 = AVbps = AVpps, T = =20 to 80 deg. C
Rating
Parameter Symbol Condition Unit
min typ max
Digital circuitry supply current looo DVpp = AVpp = XVpp = - 27 35 mA
5V,
Clock circuitry supply current loox fxm = 256fs = 24.6 MHz, - 3 5 mA
no load, double speed
Analog circuitry supply current looa mode. CKSL is LOW. - 1 2 mA
See note 4.
XTI HiGH-level input voltage Viut 0.7 x XVpp - - v
External clock input
XTI LOW-level input voltage Vi - - 0.3 x XVpo v
XTI AC input voltage Vinac AC coupled input 0.3 x XVpp - - Vep
HIGH-level input voltage. .
See note 1. Vine ' 24 - - v
LOW-level input voliage.
See note 1. Viez - - - 05 v
HIGH-level output voltage. _
See note 2. VoHa lon = =1 mA AVpp — 0.3 - - v
LOW-level output voltage. ~
See note 2. Voua lo = 1 mA - - 0.3 v
CKO HIGH-level output voltage Voue loh = —1 mA 40 - - v
CKO LOW-level output voltage Voic oL = 2 mA - - 05 v
[MUTEO HiGH-evel output voltage Vo |low = =1 mA 40 - - v
MUTEO LOW-level output voltage Vo oL = 2 mA - - 0.4 v
XTI HIGH-level input current T Vi = XVop - 10 20 pA
XTI LOW-level input current e Vi=0V - 10 20 pHA
LOW-level input current.
See note 1. h2 Vi=oV - 10 2 kA
Input leakage current. See note 1. M Vi = DVpp - - 1.0 HA
Notes

1. Pins CKSL, LRCI, BCKI, DI, MUTEI, MCOM, RSTN, MDT/FSEL1, MCK/FSEL2 and MLEN/DEEM
2. Pins LO, LON, RO and RON

3. Ippa is the total current.

4. Ippp in normal-speed mode is 20 mA (typ) and 25 mA (max).
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CMOS LSI ZDECO SM5872A/B

Low supply voltage operation

DVDD = AVDD = XVDD = 32 t0 4.5 V, DVss = AVss = XVss =0 V, AVss = AVss; = AVssz,
AVpp = AVpp1. = AVpp2 = AVpps = AVppy, T, = -20 to 70 deg. C
Rating
Parameter Symbol Condition Unit
’ min typ max
|Digital circuitry supply current loop DVop = AVpp = XVpp = - 11 15 mA
34V,
Clock circuitry supply current . loox fxmi = 512fs = 24.6 MHz, - 2 3 mA
no load, normal speed
Analog circuitry supply current ) mode. CKSL is HIGH. - 0.5 1 mA
XTI HIGH-level input voltage Vini 0.7 x XVpp - - v
External clock input
XTI LOW-level input voltage Vi - - 0.3 x XVpp v
XTI AC input voltage Vinac AC coupled input 0.3 x XVop - - Vop
HIGH-level input voltage.
See note 1. Vikz 24 - - v
LOW-level input voltage.
See note 1. Viiz - - 05 v
gf:“"}';‘f'zf’”“’”' voltage. Vora lon = ~1 mA AVop ~ 03| - - v
|LOW-lavel output voltage. _ _ _
See note 2. Vou oL =1 mA 0.3 v
CKO HIGH-level output voltage Voue lon = 0.4 mA : 25 - - v
CKO LOW-lsvel output voltage Voic lot = 0.8 mA - - 04 v
|MUTEO HIGH-level output voltage Voum loh = 0.4 mA 25 - - v
[MUTEO LOW-level output voltage Vouw o = 0.8 mA - - 04 v
XT1 HIGH-level input current hiH1 Vi = XVpp - - 15 pA
XTI LOW-level input current U} Vi=0V - - 15 HA
|LOW-level input current. C
See note 1. e Vi=oV - - 15 KA
Input leakage current. See nole 1. ILH Vi = DVpp - - 1.0 pA
Notes

1. Pins CKSL, LRCI, BCKI, DI, MUTEI, MCOM, RSTN, MDT/FSEL1, MCK/FSEL2 and MLEN/DEEM
2. Pins LO, LON, RO and RON
3. Ippa is the total current.

SM5872B

Normal supply voltage operation

DVDD = AVDD = XVDD = 4.5 to 55 V, DVss = AVss = XVSS = O V, AVss = AV551 = AVssz,
AVpp = AVpp: = AVpp: = AVpps = AVDD4, T. = -20 to 80 deg. C

Rating
Parameter Symbol Condition Unit
min typ max
|Digital circuitry supply current Iooo DVop = AVpp = XVop = - 15 25 mA
Clock circuitry supply current Ippx ?;nv’: 384fs = 169 MHz - 3 5 mA
Analog circuitry supply current ioba no load. CKSL is HIGH. - 1 2 mA
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CMOS LS! ZDECO SM5872A/B

Rating
Parameter Symbol Condition Unit
min typ max
XTI HIGH-level input voliage Vit 0.7 x XVpp - - v
External clock input

XTI LOW-level input voltage Viu - - 0.3 x XVpp v
XT1 AC input voltage Vinae AC coupled input 0.3 x XVpp - - Vep
HIGH-level input voltage.
See note 1. Vire 24 - - v
LOW-level input voltage.
See note 1. Vitz - - 05 v
|HIGH-level output voltage.
See ng’f zf’” put voliage Voua lou = —1 mA AVop — 03 - - v
LOW-level output voltage. a
See note 2. Vou o =1 mA - - 03 v
CKO HIGH-level output voltage Voue loh = =1 mA 4.0 - - v
CKO LOW-leve!l output voltage VoLe loo = 2 mA - - 0.5 v
MUTEO HIGH-level output voltage VoHm low = =1 mA 40 - - v
[MUTEO LOW-level output voltage Vo |l = 2 mA - - 04 v
XTI HIGH-level input current lit Vi = XVpp - 10 20 HA
XTI LOW-level input current hey Vi=0V - 10 20 HA
LOW-level input current. _
See note 1. h2 Vi=ov - 10 2 KA
Input leakage current. See note 1. 4 Vi = DVpp - - 1.0 pA
Notes

1. Pins CKSL, LRCI, BCKI, DI, MUTEI, MCOM, RSTN, MDT/FSEL1, MCK/FSEL2 and MLEN/DEEM
2. Pins LO, LON, RO and RON
3. Ippa is the total current.

Low supply voltage operation

DVDD = AVDD = XVDD = 32 to 4.5 V, DVss = AVSS = Xvss = 0 V, AVss = AVSS] = AVssz,
AVpp = AVppr = AVppz = AVops = AVpps, Ta = =20 to 70 deg. C
) Rating
Parameter Symbol Condition Unit
min typ max
Digital circuitry supply current Ipop DVpp = AVpp = XVpp = - 8 12 mA
34V,
Clock circuitry supply current lppx fxm = 384fs = 169 MHz, - 2 3 mA
no load, normal speed
Analog circuitry supply current lopa mode. CKSL is HIGH. - 05 1 mA
XTI HIGH-level input voltage Viki 0.7 x XVpp - - v
External clock input
XTI LOW-level input voliage Vi - - 0.3 x XVop Vs
XTI AC input voltage Vinac AC coupled input 0.3 x XVpp - - Voo
HIGH-level input voltage. _ _
See note 1. Vike 24 v
LOW-level input voltage. _ _
See note 1. Vie 05 v
gla(::Hr-‘Lel\;el;utput voltage. Voua lon = -1 mA AVpp - 03 - - Vv
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CMOS LS| ZDECO SM5872A/B

Rating
Parameter Symbol Condition Unit
min typ max

LOW-lvel ouput volege. Vou o =1mA - - 03 v
CKO HIGH-level output voltage Voue lon = 0.4 mA 25 - - v
CKO LOW-level output voliage Voie lo. = 0.8 mA - - 0.4 v
MUTEO HIGH-level output voltage Voum lon = 04 mA 25 - - v
MUTEO LOW-level output voltage Vo lor = 0.8 mA - - 04 v
XTI HiGH-level input current [T Vi = XVop - - 15 pA
XTI LOW-level input current hu i=o0V - - 15 pA
égr:zgl 1i‘nput current. iz Vi=0V B _ 15 uA
Input leakage current. See note 1. I Vi = DVop - - 1.0 A
Notes

1. Pins CKSL, LRCI, BCKI, DI, MUTEI, MCOM, RSTN, MDT/FSEL1, MCK/FSEL2 and MLEN/DEEM
2. Pins LO, LON, RO and RON
3. Ippa is the total current.

AC Digital Characteristics

AVpp = XVpp = 45 to 5.5V,
AVpp = AVpp, = AVpps = AVopps,

The conditions for normal supply voltage operation are DVpp
DVss = AVss = XVss = 0 V, AVss = AVssy = AVssy, AVpp
T. = —20 to 80 deg. C unless otherwise noted.

The conditions for low supply voltage operation are DVpp = AVpp = XVpp = 3.2 t0 4.5 V,

DVgs = AVgs = XVgs = 0 V, AVgs = AVgg = AVsss, AVpp = AVpp = AVpp, = AVpps = AVpp,
T. = =20 to 70 deg. C unless otherwise noted.

System clock
SM5872A

Normal-speed mode

Rating

Parameter Symbol Condition Unit
min typ max
CKSL is LOW. 256fs 40 12.3 130

Clock frequency fosc MHz
CKSL is HIGH. 512fs 40 246 26.0
CKSL is LOW. 256fs 34 40.7 125

External clock LOW-level pulsewidth fowL ns
CKSL is HIGH. 512is 17 203 125

External clock HIGH-level o CKSL is LOW. 256fs 34 40.7 125 .
pulsewidth CKSL is HIGH. 5121s 17 203 125
CKSL is LOW. 256fs 77 814 250

External clock period tx ns
CKSL is HIGH. 512fs 385 40.7 250

Note
Typical values shown are for fs = 48 kHz.
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CMOS LSI ZDECO SM5872A/B

Double-speed mode

DVDD = AVDD = XVDD = 4.5 o 55 V, DVss = AVSS = XVss = O V, AVss = AVsm = AVssz,
AVpp = AVpp1: = AVpps = AVpps = AVppe, T, = -20 to 70 deg. C
Rating
Parameter Symbol Condition Unit
min typ max
CKSL is LOW. 256fs,
Clock frequency fosc crystal oscillator operation 40 248 250 MHz
External clock LOW-level pulsewidth towt CKSL is LOW. 256fs 17 203 125 ns
[External clock HiGH-evel .
pulsewidth town CKSL is LOW. 256fs 17 203 125 ns
External clock period i CKSL is LOW. 256fs 40.0 40.7 250 ns
Note
Typical values shown are for fs = 96 kHz.
SM5872B
Rating
Parameter Symbol Condition Unit
min typ max
384fs,

Clock frequency fosc aystal oscillator operation 40 16.9 19.3 MHz
IExtemaI clock LOW-leve! pulsewidth towt 384fs 21.7 295 125 ns
External clock HIGH-level
! pulsewidth towH 384fs 21.7 25 125 ns
External clock period [ 384fs 51.7 59.0 250 ns

System clock timing waveform

Vg === ———-~ 7 ________
XTI 05Vpp ——=—=—=—=—pf~—=~——- == -

g e ' {:::::::j_\ ------

Serial Input timing

' Rating
Parameter Symbol - Unit
min typ max

IBCKI LOW-level pulsewidth tacwL 50 - - ns
BCKI HIGH-level pulsewidth tBCWH 50 - - ns
BCKI period tacy 100 - - ns
DI setup time ps 50 - - ns
DI hold time toH 50 - - ns
BCKI to LRCI delay time taL 50 - - ns
LRCI to BCKI delay time 1) 50 - - ns
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CMOS LSI ZDECO SM5872A/B

Serial input timing waveform

Control Input timing

Rating
Parameter Symbol Unit
min typ max

Clock signal rise time t - - 100 ns
Clock signal fall time t - - 100 ns
MCK LOW-level pulsewidth tmewL 50 - - ns
MCK HIGH-level pulsewidth tmMCwH 50 - - ns
MDT setup time tMDS 50 - - ns
MDT hold time tMDH 50 - - ns
MLEN LOW-level pulsewidth tMEWL 50 - - ns
MLEN HIGH-level pulsewidth tMEWH 50 - - ns
MLEN setup time tMES 50 - - ns
MLEN hold time IMEH 50 - - ns

Note
Pins MUTEI, MDT/FSEL1, MCK/FSEL2 and MLEN/DEEM

Control input timing waveforms

MUTE!
MDT/FSEL] 24
MCK/FSEL2 18V = === ——=-———-——~—-~"-

MLEN/DEEM
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CMOS LSI ZDECO SM5872A/B

Reset input timing

Rating
Parameter Symbol Condition Unit

RSTN LOW-level pulsewidth tRSTN After power-up 20 - - ns

Reset input timing waveform

tasTN
RSTN 156V === mm e e mm e m———— — — D L ———————

AC Analog Characteristics

DVop = AVpp = XVpp = 5 V, DVss = AVss = XVss = 0 V, AVss = AVss; = AV,
AVpp = AVppr = AVpp, = AVpps = AVpns, CKSL is HIGH, crystal oscillator operation,
fosc = 22.5792 MHz (SM5872A) or 16.9344 MHz (SM5872B), T. = 25 deg. C

Rating
Parameter Symbol Condition Unit
min typ max

Total harmonic distortion and noise THD + N f=1kHz, Vi =0 dB - 0.0020 0.0035 %

Output level Vour f=1kHz, Vi =0 dB 1.8 20 2.2 Vims

Dynamic range DR f=1kHz, V| = -60 dB 92 98 - dB
= 1 kHg,

Signal-to-noise ratio SN Vi=0to —o dB. 96 102 - dB
See note.
! f =1 kHe,

Channel separation Ch. Sep V=0 to —o dB 92 98 - dB

Note

The signal-to-noise ratio (S/N) is measured after reset has been cancelled and with DI held LOW. This
includes the noise produced by the noise shaper.

Theoretical Filter Characteristics

The overall frequency characteristics of the IIR  filter, and the 32fs sample-and-hold circuit are
deemphasis filter, the eight-times oversampling FIR shown in the following tables and graphs.

Deemphasis disabled

Frequency range Rating
Parameter Unit
fs @fs = 44.1 kHz min typ max
Passband ripple 0 to 0.4535 0 to 200 -0.05 - 0.05 dB
Attenuation relative to 1 kHz
Hsignal 0.4535 20,0 - - 034 dB
0.5465 to 3.45 241 to 152 53 - -
Stopband attenuation 345 10 455 152 to 201 32 - - dB
455 1o 745 201 to 328 70 - -
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CMOS LSI ZDEC

O SM5872A/B

Overall frequency characteristic (Deemphasis OFF)

;0 3
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. \ /
§ 80 /
:
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e i !
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10 \
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70 1 1 L L [ \ /I \ I 1 \ /l \
0.440 0.465 0.490 0.515 0.540 0.565 0.590 0.615 0.640
Frequency (fs)
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-0.20
& 000
o
'g 0.20 —__
s ~ T
2 o4 ~
060 Il il 1 \
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CMOS LSI ZDECO SM5872A/B

Passband-only ripple characteristic (Deemphasis OFF)

-0.10
. -0.05
5 TN
g 0.00 P L P TN / \/\
| ~— N TN N 7 \
g 0.05 \\
0.10 1 1 I \
0.000 0.125 0.250 0.375 0.500
Frequency (fs)
Deemphasis enabled
Rating
Parameter Sampling Passband Unit
frequency, fs min vp max
441 kHz 0 to 196 kHz 0.1 - 03 daB
Deviation from ideal
characteristics 480 kHz 0 to 214 kHz -0.1 - 03 dB
32.0 kHz 0 to 14.0 kHz —04 - 06 dB
Note
All frequencies are doubled in double-speed mode.
Overall frequency characteristic (Deemphasis ON)
fs = 44.1 kHz
0 \
2 \\
. N\
@
: AN
3, \
8
£ N\
. \\
10 \

10 20 50 100 200 500 1k 2k Sk 10k 20k
Frequency (Hz)
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CMOS LSI ZDECO SM5872A/B

fs = 32.0 or 48.0 kHz

\

\ \\ ts=R0kHz
X

. s = 48.0 kHz \\

o \\
o2
§
K A\
£ N\
‘ \X\
o \\
L L 1 1 4 1 1 L A1 | 1
10 20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz)
Measurement Circuits
Measurement circuit block diagram
CKO (512fs)
BCK Left channel
Signal Evg:’uagon Lahr-‘or right- Dist(lmion
enerator ar channe an
o LRCK (ts) Right channel selector ayzer
DATA
fs = 44,1 kHz NF Electronic Instruments 3346A. Shibasoku AD725C.
DATA = 16 bits -10 kQ input impedance RMS measurement
Channel selector internal circuit
Left channel o—
0dB THRU
r
Input 0 Output
9
EC-A
oke 20kHz| | 60dB [ ] audio [
LPF amplifier compensation
Right channel o——— fiter
D-RANGE
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CMOS LSI ZDECO SM5872A/B

Measurement conditions

Parameter Symbol 3346A channel selector AD725C distortion analyzer setting
: position
Total harmonic distortion and noise THD + N
THRU N
20 kHz lowpass filter is ON.
Output level Vo 400 Hz highpass filter is OFF.
Dynamic range D.R D-RANGE
20 kHz lowpass filter is ON.
Signal-to-noise ratio SN THRU 400 Hz highpass filter is OFF.
JIS* A-weighted filter is ON.
. 20 kHz lowpass filter is ON.
Channel separation Ch. Sep THRU 400 Hz highpass filter is OFF.

Note

JIS = Japanese Industrial Standard
FUNCTIONAL DESCRIPTION

Functional Block Diagram

The basic arithmetic operation of the IDECO
SM5872A/B is shown in figure 1.

Input

l 16 bits, fs

I }IR deemphasis filter I

18 bits, fs

Attenuator |

fs

I Two-times interpolator (69-tap FIR) |

2fs

I Two-times interpolator (13-tap FIR) |

4fs

I Two-times interpolator (5-tap FIR) I

8fs
[ Sample and hold |
16fs or 32fs
l Zero-shift noise shaper |
ZADAC
16fs or 321s (EDECO)

I Pulsewidth modulator I

l

Quasi-symmetrical PWM outputs

Figure 1. Arithmetic operation

Eight-times oversampling digital filter
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CMOS LSI ZDECO SM5872A/B

Oversampling Filter

The oversampling filter comprises three, two-times
oversampling filters—a 69-tap finite impulse
response (FIR) filter, a 13-tap FIR filter and a 5-tap
FIR filter. These filters raise the sample rate of the
input signal to 8fs and attenuate quantization noise
between 0.5465fs and 7.4535fs. The signal is over-
sampled again to either 16fs or 32fs by the sample-
and-hold circuit and then input to the zero-shift
noise shaper.

Controlling the Built-in Functions

The built-in functions are controlled either by input
pin logic levels or by the microcontroller interface
as shown in table 1.

Table 1. Built-in functions

Note that the deemphasis functions can be con-
trolled using both methods. The MCOM state and
the control mode should not be changed after a
reset or power-ON.

Microcontroller Interface

When MCOM is HIGH, MDT, MCK and MLEN
function as the microcontroller data clock and latch
enable inputs, respectively. Using this interface, an
external microcontroller can control the built-in
functions and also read the attenuation data and
mode flag registers.

The data from the microcontroller input on MDT is
latched into the internal shift register on the rising

Function "‘i"x'rm“’ Microcontroller interface|  edge of MCK. Changing the state of MDT should,
(MCOM Is LOW) mode (MCOM is HIGH) therefore, be done on the falling edge of MCK. The
data in the serial-in-parallel-out (SIPO) shift regis-
D i g
oﬁg‘gp"s's DEEM FDEEM ter is latched into either the attenuation data or the
mode flag registers on the rising edge of MLEN.
Deemphasis f6 | rsgly, FsEL2 FFSLY, FFSL2 : ConT ,
mode ' ' When the first data bit, B1 is LOW, the attenuation
) ) data, shown in figure 2, is written to the attenuation
Atlenuator data No attenuation 7-bit data (a1 to a7 ? . >
: ( ) data register. When B1 is HIGH, the mode flags,
"Sd(64fs BCK) Not selectable IS shown in figure 3 and table 2 are written to the
[moce mode flag register. Note that MCK and MLEN can
BCKI polarity Not selectable BCPL have waveforms as shown by the dotted lines in the
mode following two figures.
81 B2 B3 85 B6 B7 B8
MDT l ILOW [ al I a2 I I ad I a5 I a6 l a7 I I
msb Isb
| e | r<1 r=A
MCK 1 1 ] 1 1 [}
MEN ] ]

Figure 2. Attenuation data input

81 B2 B3

BS 86 87 88

wor | [ won [estr [ ersie Jroeem [ us | scee | vestr | Teste | |

Figure 3. Mode flag data input
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Table 2. Mode flags (B1 = HIGH)

Bit Mode flag Description 0 1
B2 FFSE1
Deemphasis frequency select bit  |See table 3.
B3 FFSL2
B4 . FDEEM Deemphasis ON/OFF select Deemphasis is OFF. Deemphasis is ON.
Normal format data (data at end of
B5 s lIS (64fs BCKI) mode select channel time, LRCI is HIGH for IS format data (64fs BCKI)
the left channel.)
B6 BCPL BCKI polarity select Data read on rising edge of BCKI. [Data read on falling edge of BCKI.
B7 TEST1
Test mode select Tie LOW for normal operation.
B8 TEST2

Note that all mode flags are LOW after the devices
are reset.

Deemphasis Filter

The deemphasis filter is an infinite impulse

Table 3. Deemphasis selection

response (IIR) filter with variable filter coefficients
. .. MCOM is LOW. MCOM is HIGH.
that reproduces the gain and phase characteristics of s * mozz':‘th‘(’:;z)
an analog filter. The filter coefficients can be set to FSEL2 | FSEL1 | FFSL2 | FFSL1 avency
one of three sampling rates as shown in table 3. LOW LOW 0 0
Deemphasis is tumed ON and OFF by DEEM ow | nen 5 ] 4.
when MCOM is LOW and by the FDEEM flag
when MCOM is HIGH. HIGH LowW 1 0 48.0
HIGH HIGH 1 1 320
Attenuator
The 7-bit attenuation coefficient data, DATT, is
loaded by the SM5872A/B as shown in figure 4.
DATT attenuation data
v AN
81 B2 83 84 85 Bs 87 B8
msb Isb
MoT | | ow [at [ a2 [ a3 [ a4 | as | a6 | a7 | 1
MCK P P
L= — 11

Figure 4. Attenuation data

The output signals are attenuated by multiplying
the signal data by the contents of the built-in 7-bit
attenuation up/down counter. If the counter value
equals the DATT attenuation coefficient, the gain
for each channel is given by the following equation.

Gain = 20 x log,g (1 — DATT/127) dB

Both channels are muted completely when  the
DATT coefficient is 127. Upon reset, DATT is set
to zero, corresponding to the maximum gain of
0 dB.

When a new DATT attenuation coefficient is
loaded, the gain for each channel ramps up or down
to the new level set by the coefficient as shown in
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figure 5. If another attenuation coefficient is loaded
before this new level has been reached, the gain
ramps in the direction of the newest level setting.

Level 1

N\

Gain

The gain can change in this way because the cur-
rent attenuation level is stored in a different register
from the DATT coefficient register.

Figure 5. Attenuation example

Soft mute

When MUTEI is taken HIGH, the soft mute func-
tion using the built-in attenuation counter is
enabled. The counter increments, decreasing the
gain level, until the outputs are completely muted.
Muting takes 1024/fs seconds, or approximately
23.2 ms when fs is 44.1 kHz.

Whe MUTEI is taken LOW again, muting is can-
celled and the attenuation counter decrements,
increasing the gain level. Returning to the 0 dB
level also takes 1024/fs seconds as shown in
figure 6.

RIS QR N —

MUTEI ]
1
1
]
[}
0d8 .
Gain :
o e —m— = b
. 1024ffs
Figure 6

System Clock

The system clock can oscillate at 256fs, 384fs or
512fs, depending upon the device, selected by the
level on CKSL. When the system clock frequency
is 256fs (SM5872A only), double-speed playback is

SM5872A

Normal-speed mode

Voo = 3210 55V, T. = -20 to 70 deg. C

fxm = feko (MH2)
flrRa = fs (kHZ)
CKSL is HIGH. CKSL is LOW.
441 22.5792 11.2896
480 24576 12.288
320 16.384 8.192

. Soft muting

possible. The normal- and double-speed mode sys-
tem clock frequencies are shown in the following
tables.

Double-speed mode

Vop =4.51t0 5.5V, T, =-20 to 70 deg. C, CKSL is
LOW.

firct = fs (kHz) fxm = fcko (MHz)

88.2 225792
9.0 24.576
64.0 16.384
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SM5872B
Normal-speed mode

Vop =32 1055V, T. = -20 to 70 deg. C

fxm = fcko (MHZ)
firc = fs (kHz)
CKSL is HIGH. CKSL is LOW.
441 16.9344 Not used
480 18.432 Not used
320 12.288 Not used

As the stability and signal-to-noise ratio of the
system clock greatly affects the AC analog charac-
teristics, care should be taken to ensure that the
clock is free from jitter.

The system clock can be controlled by a crystal
oscillator connected as shown in figure 7.
Capacitors C1 and C2 should be chosen to match
the crystal oscillator.

!

cl oy c2

XTi XTO

»r

Figure 7. External crystal oscillator connection

The system clock can also be supplied externally as
shown in figure 8. When using this method, XTO
should be left open. As the system clock inverter
has an internal feedback resistor, the external clock
input can be AC coupled.

D

-_—n
XT XTO

External clock input

Figure 8. External system clock connection

To optimize the AC analog characteristics, use an
external crystal oscillator connected to a 74HCU04
inverter to drive XTI,

Audio Data Input

The digital audio data is input on DIN in 2s-
complement, msb-first, 16-bit serial data format
with interleaved left- and right-channel data words.

When the 1IS flag is O, the normal data format
shown in figure 9 is selected. When the IIS flag is
1, the IIS data format shown in figure 10 is
selected.

The data input on DI is latched into the internal
SIPO shift register on either the rising edge of
BCKI (when the BCPL flag is 0) or the falling edge
(when the BCPL flag is 1).

The data is latched into either the left-channel or
right-channel input register on the rising and falling
edges of LRCI. When the IIS flag is 0, the data is
latched to the left-channel input register on the
falling edge of LRCI, and when the IIS flag is 1,
the data is latched to the left-channel register on the
rising edge of LRCL

s

Isb msb Isb

16 bits

Left channel _

Right channel

o | | ]|

HEE [ |

R NN R S R E R § RN R R IR AT

LRCI

____________ 1

Figure 9. Normal data format (IIS = 0)
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1As

Left channal

lsb

Right channel

o] I [T --°1

[ 1 l [ [T

L R e Ny N A N E R N N N AR AR A

LRCI

Figure 10. IIS data format (IIS = 1)

The timing of the arithmetic and output circuits is
independent of the input circuits, isolating them
from jitter or skew on the input circuit clocks. As a
result, phase differences between LRCI, BCKI and
XTI that may occur after a reset do not affect the
correct operation of the device. However, the cor-
rect frequency ratio between LRCI and XTI should
be maintained.

Zero-shift Noise Shaper

The fourth-order zero-shift noise shaper (ZSNS)
virtually eliminates noise in the 13-level quantized
signal by altering the noise characteristic. The
characteristic is altered by shifting the zeros in the
z-plane, moving the noise out of the audio band so
it is then removed by the output filters.

The ZSNS suppresses noise in a frequency range
exceeding twice the audio bandwidth for a 32fs

If the input data format uses word lengths greater
than 16 bits (for example, 24- or 32-bit words) then
the mute detector will not work unless all bits in
the word other than the 16 data bits are set to 0.
This condition does not have to be satisfied, how-
ever, if MUTEO is not being used.

oversampled signal, and over almost the entire
audio bandwidth for a 16fs oversampled signal. A
theoretical characteristic is shown in figure 11,
calculated by converting the data back into its
original form, before the PWM output stage. Note
that when CKSL is LOW, the frequency values
should be halved.

50
=
= 30 - ]
B - L~
2 Third-order ZSNS ——T—= =~
3 =
i -~
2 -
-] -1 / Fourth-order ZSNS
10 - }
% .7 /
= s /] Noise level for 16-bit, fs-rate quantization
g O /
T 10 / \
P / II
Mt
4 \
/ v !
-30 (W
0.00 0.26 0.50 0.75 1.00 1.26 1.50 1.75 2.00

Frequency (fs)

Figure 11. Requantizer noise characteristic
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Pulsewidth Modulation Waveforms

The signals output by the ZDECO SM5872A/B are
quasi-symmetrical. When the PWM outputs pro-
duce odd-valued output levels, the individual output
signals are not symmetrical about the center of the
output pulses, however, the difference signals (LO

1 clock cycle —=

/
LO (RO}

PWM
oulputs 1o | LON (RON)

e
le—— M clock cycles ———ete——— M clock cycles —

— LON) and (RO — RON) are symmetrical as
shown in figure 12. Even-valued output signals
have symmetrical waveforms. Using this output
method, the SM5872A/B can operate at half the
clock frequency required by conventional devices.

Pulse center
e le— 1 clock cycle

- -

signais

LO - LON
(RO - RON)

N\

4

l————— M clock cycles ————ste———— M clock cycles

LO (RO)

PWM
outputs for
even-level

LON (RON} |

signals

LO - LON
(RO ~ RON})

Internal
system clock

U Uyl

Figure 12. Pulsewidth modulation waveforms

Reset

The IDECO SMS5872A/B should be reset after
power-up, when MCOM changes state or when the
XTI clock stops for longer than 10 ps. A
LOW-level pulse on RSTN will resynchronize the

TDECO SM5872A/B internal arithmetic and output
clocks on the first rising edge of LRCI after RSTN
returns HIGH as shown in 13.

RSTN Low

LRCI _J | | ! |

Internal reset

LO(LON) - =

50% duty cycle (outputs muted)

RO (RON) - -

Figure 13. Reset waveforms
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An external microcontroller can reset the devices at
power-ON, or power-ON reset can be performed
automatically if a capacitor is connected between
RSTN and VSS. If the XTI and LRCI clocks are
stable at power-up, then a value of 300 pF is
sufficient to satisfy the reset timing requirements. If
the XTI and LRCI clocks are not stable at
power-up, then a value should be chosen such that
RSTN goes HIGH only after both clocks have
stabilized.

Upon reset, the PWM outputs are muted with a
50% duty cycle signal from the time when RSTN
goes LOW until the 12th rising edge of LRCI after
RSTN goes HIGH. Note that the duty cycle may
change temporarily as the circuits resynchronize
following the first rising edge of LRCIL

sck [0

|+——— Effective number of bits in left channel ——=|

UUUUUIU U rguu

Mute Detection

MUTEO is LOW under the following three condi-
tions.

1. While RSTN is LOW and for approximately 12
LRCI cycles after RSTN goes HIGH.

2. For approximately 12 LRCI cycles after CKSL
changes state.

3. While a muted signal is detected as explained in
the following paragraphs.

Note that the mute detector detects when the data
bits are all 0 and does not detect when the bits are
all 1.

The mute detector monitors the BCKI, DI and
LRCI inputs. DI should be LOW when not trans-
mitting data if there are more BCKI pulses than
there are data bits as shown in figure 14.

[+— Etfective number of bits in right channel —=|

o 1

HENEERENRREERE

ITTTTIPPTTRdTTY

\ Must be LOW

\ Must be LOW

e [T

Figure 14. Input waveforms

When both channels contain zeros for 2! consecu-
tive BCKI cycles, the internal counter overflows
and MUTEO goes HIGH. When a 1 is input on DI,
the counter is reset and MUTEO goes LOW again.

Internal reset

The time to overflow the counter can be calculated
using the following equation.

. = 2Y%(NB x fs)

where NB = the number of BCKI cycles per LRCI
period (typically 32 or 48).

DI Not zero

Zero Not zero

we L[] L1

I | |

1l

e

BCKi

A A

I

MUTEO

Figure 15. MUTEO output waveforms
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For a 44.1 kHz sampling rate and 32 BCKI pulses  Table 4. Mute detect time
per sampling period, 2'? bits corresponds to a mute
detect time of 372 ms. When there are 48 BCKI
pulses per sampling period, the mute detect time 32fs ar2 ms
becomes 248 ms as shown in table 4.

Bit clock frequency Mute detect time Unit

48fs 248 ms
Note
fs = 44.1 kHz
TIMING DIAGRAMS
Digital Audio Input Formats
s
msb Left-channei data Isb msb Right-channel data Isb
DI T__ [1]2 iE (C . [1]2 15)16

s T2 TULTUUU LU UL UL LU LA TULUT

LRCI a

Figure 16. Normal format (IIS is 0 and BCPL is 0.)

3212 1617 3132 1 2

e UNNIMUUIUTUIU U U U U iU e

D HENERERREEN HER

msb Isb msb

LF?'(;)! ] Left-channel data Right-channel data

Figure 17. IIS format (IIS is 1 and BCPL is 0.)
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APPLICATION NOTES
Input Interfaces
Normal data format (IS is 0.)

Normal replay mode

SM5872A
22.5792 MHz crystal
QO
1L I
i ’L L
XTIl XT0
2245792:Hz CKO
44.1 kHz
LRCH
o SM5872A
1168 MH
2.1168 MHz BCKi
CKSL
22.5792 MHz crystal
2l
(i Ik
XTI XTO
22.5792 MH
ZH XTi
44 .1 kHz (88.2 kHz2)
LRCI
SM5872A
DIN
2.1168 MHz (4.2336 MH
2 (¢ Do Boki
CKSL
Double speed ,;, Normal
Note

The values in parentheses are for double-speed mode.

SM5872B
16.9344 MHz crystal
L ’L L
XTI XTO
i e 16.9341 :IHZ cKo
44.1 kHz
Matsushita RiL —-——| ~>o—{ LRCI SM58728
MM6617  smpaTA DI
SRCK 2.1168 MHz BCKI
SEL IPSEL CKSL

il ” s
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16.9344 MHz
OA XTI
Yamaha UR 44,1 Kz LRCI
YM3623 00 OIN SM5872B
2.1168 MHz
BCO BCKI
CKSL
IS data format (IIS is 1.)
22.5792 MHz crystal
gt
o 11,2896 MHz (i3] 22,5792 MH2 . o XTO
DAAB ol
CLAB 2.8224 MHz BOKI
Philips WSAB adllar + LRC!
SAA7310 — wor ("Sﬁ:“?;ﬁfGH)
CD from - MCK 9 ’
decoder microcontrolier MLEN
— MUTEI
CKSL

Figure 18. Phillips SAA7310 interface

Output Interfaces

In the following figures, only the left channel has
been shown to avoid duplication.

oy —— S B

SMs872 -_'[>___°
LOUT
LO & A

’___

Figure 19. Output interface 1
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LON = it

SM5872 . :l>_
j l
LOUT

LO W

e
NI
o

Figure 20. Output interface 2

Please pay your attention to the following points at time of using the products shown in this document.

The products shown in this document (hereinafter “Products”) are not intended to be used for the apparatus that exerts harmful influence on
human lives due to the defects, failure or malfunction of the Products. Customers are requested to obtain prior written agreement for such
use from NIPPON PRECISION CIRCUITS INC. (hereinafter “NPC"). Customers shall be solely responsible for, and indemnify and hold NPC
free and harmless from, any and all claims, damages, losses, expenses or lawsuits, due to such use without such agreement. NPC reserves
the right to change the specifications of the Products in order to improve the characteristic or reliability thereof. NPC makes no claim or
warranty that the contents described in this document dose not infringe any intellectual property right or other similar right owned by third
parties. Therefore, NPC shall not be responsible for such problems, even if the use is in accordance with the descriptions provided in this
document. Any descriptions including applications, circuits, and the parameters of the Products in this documents are for reference to use the
Products, and shall not be guaranteed free from defect, inapplicability to the design for the mass-production products without further testing
or modification. Customers are requested not to export or re-export, directly or indirectly, the Products to any country or any entity not in
compliance with or in violation of the national export administration laws, treaties, orders and regulations. Customers are requested
appropriately take steps to obtain required permissions or approvals from appropriate government agencies.

NIPPON PRECISION CIRCUITS INC.

4-3, Fukuzumi 2-chome, Koto-ku,
Tokyo 135-8430, Japan
Telephone: +81-3-3642-6661

NIPPON PRECISION CIRCUITS INC. Facsimile: +81-3-3642.6698
http://www.npc.co.jp/
Email: sales@npc.co.jp
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