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NIPPON PRECISION CIRCUITS LTD.

'CMOS LSI DECO SM5871A
Digital Audio D/A Converter

'OVERVIEW

The TDECO SMS5871A D/A converter is a high-
speed converter for digital audio systems fabricated
in Molybdenum-gate CMOS. It incorporates a two-
channel, 16-bit D/A converter and a digital eight-
times oversampling filter.

The ZDECO SM5871A can operate at three differ-
ent sampling frequencies and incorporates . de-
emphasis and soft mute functions. Double-speed
dubbing is supported without any change in clock
frequency.

The IDECO SMS5871A linearly interpolates the
input signal at a high multiple of the original
sampling frequency, and then requantizes the
resulting signal. A third-order noise shaper is used
to remove most of the quantizing noise before the
signal is output as a pulsewidth-modulated wave-
form.

The IDECO SM5871A operates from a 3.2 to
5.5 V supply and is available in 28-pin shrink DIPs,
SOPs and SSOPs.

FEATURES

s Two-channel sigma delta D/A converter
= 32-times oversampling FIR filter

* 45 + 9 + 5 tap, 8fs FIR filter
» 40 dB stopband attenuation
» £0.15 dB passband ripple
® Third-order zero-shift noise shaper
# Digital deemphasis
®» Attenuator
® Soft muting
® ]11-level, quasi-symmetrical PWM outputs
® Normal- and double-speed operation (CD only)
m 16.9344 MHz system clock frequency

» 192fs when fs = 88.2 kHz
» 384fs when fs = 44.1 kHz

® On-chip crystal oscillator circuit

® 25 complement, msb-first, 16-bit serial input data
format

® Single 5 V supply in normal- and double-speed
modes

® Low-voltage operation—3.2 V minimum supply
voltage operation in normal-speed mode

® 45 V minimum supply voltage operation in

double-speed mode

® Molybdenum-gate CMOS process

= 28-pin shrink DIP (SM5871AN), 28-pin SOP
(SM5871AS) and 28-pin SSOP (SM5871AM)
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‘CMOS LS! sDECO SM5871A

28-pin SOP (SM5871AS)
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'CMOS LSI TDECO SM5871A

PIN DESCRIPTION

“Number Name ‘Description

1 ~ XTO Crystal oscillator output

2 Xvss Clock ground

3 DS Normal-/double-speed select input. Internal pull-up resistor
4 CKO Clock output

5 TSTN Test input. This pin should be tied HIGH for normal operation. Intemal pull-up resistor
6 “MODN Mode select input. Intemal pull-up resistor

7 “ATTN Soft mute control input. Intemal pull-up resistor

8 "LRCI Data sample rate clock input Intemal pull-up resistor

9 'BCKI Bit clock input Intemal pull-up resistor

10 DN Serial data input. Intemal pull-up resistor

Ri 'DFSt Deemphasis select input Internal pullup resistor

12 'DFS2 Deemphasis select input Internal pull-up resistor

13 MUTEO Mute detect output

14 'RSTN Reset input. Intemal pulk-up resistor

15 DVSS Digital ground

16 DVDD 5 V digital supply

17 “AVDD1 Analog supply 1

18 0 Left-channel positive PWM output ’
19 “AVSSt Analog ground 1
2 LON Left-channel negative PWM output

21 “AVDD2 Analog supply 2

2 “AVDD3 Analog supply 3

<] "RON Right-channel negative PWM output

24 " AVSS2 Analog ground 2

25 RO Right-channel positive PWM output.

2% “AVDD4 Analog supply 4

27 “XVDD Clock supply

28 X7 Crystal oscillator or external clock input
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SPECIFICATIONS

Absolute Maximum Ratings

“Parameter Symbol Rating “Unit
Supply voltage range DVpo, AVop, XVoo —03 to 7.0 v
Input voltage range for all inputs except XTI Vi ‘DVss — 03 10 DVpp + 0.3 v
XTI input voltage range Ve ‘XVss — 03 1o XVpp + 03 v
Power dissipation " Pp 250 “mW
Operating temperature range T —20 to 80 ‘deg. C
Storage temperature range Tag 40 1o 125 deg. C
Soldering temperature Tswo 255 deg. C
Soldering time “ts1p 10 s
Recommended Operating Conditions
T, = 25 deg. C

‘Parameter Symbol ‘Rating “Unit
Supply voltage DVoo, AVoo, XVoo 5 v
Supply voltage range DVoo, AVoo, XVoo 321055 v

Note

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

DC Electrical Characteristics

Normal supply voltage operation

DVop = AVpp = XVop = 4.5 t0 55 V, DVss = AVss = XVgs = 0 V, T, = 20 to 80 deg. C

unless otherwise noted

i i i 7Rating i
Parameter Symbol Condition - Unit
min typ “max
Digital circuitry supply current ) DVpp = AVpp = XVpp = - 25 35 ‘mA
5V, - - -
Analog circuitry supply current lboa fn = 192 = 169 MHz, - 1 2 mA
- no load, double-speed N - ,
Clock circuitry supply current lpox mode. DS is HIGH. - 8 12 mA
LOW-level input voltage Vi - - 05 v
See note 1. - -
HiGH-level input voltage Viz 24 - - V'
XTI LOW-leve! input voltage Viu - - 0.3XVpp v
External clock input -
XTI HiGH-level input voltage Vint 0.7XVpo - - v
XT1 AC input voltage Vinag AG coupled input 0.3XVpo - - Vpp
LOW-level output veltage Voua lb" = 1 mA See note 2 - - 0.3 v
HIGHevel output voltage Vo lg’;e =m;; ;‘A AVpo - 03| - - v
CKO LOW-level output voltage Voe oL = 2 mA - - 05 v
CKO HIGH-evel output voitage Vowe lon = =1 mA 4 - - v
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'CMOS LSI TIDECO SM5871A

. i i 7Rating .
Parameter Symbol Condition — - Unit
min typ max

MUTEO LOW-level output voltage Vo oo = 2 mA - - 04 v
MUTEO HIGH-level output voltage Vouw low = —1 mA 4 - - v
XTI LOW-level input current by Vi=0V - 10 20 pA
LOW-level input current iz Vi =0 V. See rote 1. - 10 20 pA
XTI HIGH-level input current it Vi = XVoo - 10 2 pA
finput leakage current T Vi = DVpo. See note 1. - - R HA
Notes

1. LRCI, BCKI, DIN, DFS1, DFS2, RSTN, DS, TSTN, MODN, ATIN
2. LO, LON, RO, RON

Low supply voltage operation

DVoo = AVpo = XVoo = 3.2 10 4.5 V, DVss = AVss = XVss = 0 V, T, = =20 to 70 deg. C
unless otherwise noted

. : . : 7Rating ]
Parameter Symbol Condition - Unit
min typ " max

Digital circuitry supply curvent looo DVoo = AVop = XVop = - 8 12 “mA
Analog circuity supply curent oo | Q’édf“;o:n;f':pe"gl - 05 1 mA
Clock circuitry supply current loox mode. DS is LOW. - 2 '3 “mA
LOW-level input voltage Vi - - 05 v
- See note 1. - -
HIGH-evel input voltage Vike 24 - - v
XTI LOW-level input voltage Vi - - 0.3XVpo v
- Extemal clock input - -
XTI HIGH-evel input voltage Virt 0.7XVpp - - v
XT1 AC input voltage Vinag AC coupled input 0.3XVpo - - Vop
LOW-level output voltage Vo oo = 1 mA See note 2. - - .03 v
HiGH-level output voliage Vo  [SH= gk AVop — 03] - - v
CKO LOW-level output voitage Vowe bl = 0.8 mA - - 04 v
CKO HIGH-evel output voltage Voue ion = 0.4 mA 25 - - v
MUTEO LOW-level output voltage Vo oL = 0.8 mA - - 04 v
IMUTEO HIGH-level output voltage Voum b = =04 mA ‘25 - - v
XTI LOW-level input current It Vi=0V - - 10 ‘HA
ILOW-level input cument 2 Vi = 0 V. See note 1. - - 10 pA
XTI HIGH-evel input current ki Vi = XVoo - - 10 HA
llnput leakage current “hn Vi = DVpo. See rote 1. - - 1 pA
Notes

1. LRCI, BCKI, DIN, DFS1, DFS2, RSTN, DS, TSTN, MODN, ATIN
2. LO, LON, RO, RON
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'CMOS LSI IDECO SM5871A

AC Digital Characteristics

“The conditions for normal supply voltage operation are DVpp = AVpp = XVpp = 4.5 t0 5.5 V,
DVss = AVss = XVss = 0 V, T, = —20 to 80 deg. C unless otherwise noted.

The conditions for low supply voltage operation are DVpp = AVpp = XVpp = 32 10 45 V,
DVss = AVss = XVss = 0 V, T, = =20 to 70 deg. C unless otherwise noted.

‘System clock

‘Normal-speed mode (384fs)

i . . 7Rating i
Parameter Symbol Condition - Unit
min typ “max
: : fs = 44.1 kHz 40 169 193 ]
Clock frequency fosc 5 - - - MHz
fs = 48 kHz 40 184 19.3
] ] fs = 441 kHz 27 25 125
External clock LOW-level pulsewidth towt - - - - ns
fs = 48 kHz a7 211 125
External clock HiGH-level o fs = 44.1 kHz 27 25 125 e
pulsewidth %5 = 48 kHz 27 274 125
) ) fs = 44.1 KHz 517 590 250
External clock period ta - - - - ns
fs = 48 kHz 51.7 543 250

‘Double-speed mode (192fs)
DVDD = AVDD = XVDD =451t 5.5 V, DVss = AVss = XVss

0V, T,=-20 1t 70 deg. C

i i 7Rating i
Parameter Symboi - - Unit
min typ “max
Clock frequency osc a0 168 185 ‘MHz
Extemal clock LOW-level pulsewidth ‘o 230 25 125 ns
Extemal clock HIGH-evel pulsewidth town 230 295 125 Cns
Extemal clock period W 540 590 250

‘System clock timing waveform

Vigg ——— === ‘/ """""""" / """"
XTI 05XVpp —===—=f-mm e e g e e e~ f e - = t
Viu __A _____________ / ................
‘own towe
‘Serial input timing
. i 7Rating i
Parameter Symbel - - Unit
min typ max
BCK! LOW-level pulsewidth “taewy 50 - - “ns
BCKI HiGH-level pulsewidth “tacwH 50 - - “ns
BCKI period “tacy 100 - -
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'CMOS LS| ZDECO SM5871A

. . 7Rating )
Parameter Symbol — - Unit
min typ max
DIN setup time “tos 50 - - ns
DIN hold time ' ou 50 - - “ns
BCKI to LRCI delay time L 50 - - s
LRC! 1o BCKI delay time T 50 - - “ns
‘Serial input timing waveform
tacwa
. N ) A
BOKI 18V === === ===\ /_ -—-_'_Z::::
tos 1
DIN 15V --------—><-—---—---4--------—----- ->< ----------------
. fo—tg, o te =
LRCI 15V -----——-—-———-—----------—---—-————--—>—k‘
‘Control input timing (DFS1, DFS2, ATTN and MODN)
7 ] ] "Rating ]
Parameter Symbol - - Unit
min typ max
Clock signal rise time & - - 100 i
Clock signal fall time oy - - 100 )
ATTN to rising edge of MODN e 15hs - - “ms
Faiing edge of MODN to ATTN un2 1.5/ - - “ms
MODN LOW-level pulsewidth “tMODL 45/% - - ‘ms
IMODN HIGH-level pulsewidth " MODH 45/ - - ‘ms

‘Control input timing waveform

B ) t t,
DFSTDFS2 4 oy oo 2N L )T 2y
ATTN, MOON ™ 05V 05V
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'CMOS LSI TDECO SM5871A

‘Reset input timing

. i i 7Rating i
Parameter Symbol Condition - - Unit
A min typ “max
IiRSTN LOW-level pulsewidth “tRsTN After power-up 2 - - ns
‘Reset input timing waveform
| tRsTN

AC Analog Characteristics

DVDD = AVDD = XVDD =95 V, DVss = AVSS = XVSS
foe = 169344 MHz, T, = 25 deg. C

0 Vv, DS is LOW, external clock input,

) ) ) "Rating )
Parameter Symbol Condition — - Unit
min typ max

Total harmonic distortion and noise | THD + N [f =1 kHz, Vi = 0 B - 0.0022 100035 %
Output level Vo t=1KHz, Vi = 0 dB 18 20 22 “Vims
Dynamic range D.R f =1 kHz, i = —60 ¢B 90 o - dB
Signal-to-noise ratio SN ]{h::‘ o5 104 108 - dB
Channel separation Ch.oSep |f=1KkHz Vi=—=dB 85 95 - 4B
Note

Parameters are measured in accordance with EIAJ Standard CP-307.

Theoretical Filter Characteristics

The overall frequency characteristics of the IIR
deemphasis filter, the eight-times oversampling FIR

‘Deemphasis disabled

filter, and the 32fs sample-and-hold circuit are
shown in the following tables and graphs.

. “Frequency range "Rating .
Parameter - - - Unit
fs kHz min typ max
Passband ripple 0 b 0445 0 to 192 025 - 0.15 0.25 025 + 015 dB
Attenuation relative to 1 kHz 0.4535 20.0 - - 0.58 &8
fsignal 05465 241 32 - -
'0.555 0 1475 245 10 6505 45 - -
1.475 1o 1575 '65.05 to 69.5 40 - -
Stopband attenuation 1.575 to 3.45 695 fo 152.1 45 - - dB
3475 to 455 1521 to 2006 32 - -
455 0 745 '200.6 1o 3285 54 - -
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Overall frequency characteristic

R

\ /

\n
|

Attenuation (dB)

I

120 1 1 L 1 1

0.0 10 20 3.0 4.0 5.0 6.0
Frequency (fs)

Transition band characteristic

70

8.0

—

10 T~

Attenuation (dB)
L1

\ / \ /
60
\/ AW
,o ‘ . . . A \l
0.44 0.465 0.49 0515 0.54 0.565 0.59 0.615 0.64
Frequency (fs}
‘Passband characteristic
020"
g 0.00
5 00 > T N N TN
w * V\
§ 40
< . S
° \
0.60 : \
~0.000 0.125 T 0250 T0.375 0.500

Frequency (fs)

"NIPPON PRECISION CIRCUITS—9



CMOS LSI ZDECO SM5871A

Deemphasis enabled

Rating
Parameter Sampling frequency Passband Unit
min typ max
T o441 kHz 0 1o 192 kHz 00 - 03 dB
|Deviation from ideal 480 KHz 0 1o 21.0 kHz 01 - 035 @
[characteristics
320 kHz 0 to 14.0 kHz -0.35 - 0.7 dB
Note
All frequency characteristics are doubled in double-speed mode.
Overall frequency characteristic
fs = 44.1 kHz
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