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SM5865AM
D/A Converter

OVERVIEW

The SM5865AM is a 24-hit input D/A converter for
high-quality digital audio equipment. It comprises
newly developed DEM (dynamic element matching)
circuits, 3rd-order A noise shaper and 23-level
quantizer to control wide-band residual quantization
noise in the signal band, making it ideal for applica-
tion with high-frequency sampling formats. Also, the
order of the required final-stage anal og lowpass filter
can be reduced, compared to filters for available
devices, enhancing output tone quality. The output
stage employs complementary outputs for high-accu-
racy analog signals, with appropriate lowpass filt
ing of the output signal.

A single SM5865AM IC can be used in combination
with an 8-times oversampling digital filter for con-
version for asingle audio channel.

FEATURES

= ZADJ/A converter
« 3rd-order noise shaper
e 23-level quantizer
= Input dataformat
» 20 or 24-bit word l&
» MSB firgt, right-justifi
 8or4timeso \

Device

Package

SM5865AM 24-pin SSOP

PINOUT
(Top view) /@
DVs§ (Y1 AVSSA
DI RAP
JIOUTA
J1IOUTAN
U 1 RAN
= ] AVDDA
o1 ﬂ [ JAVDDB
N oL Hrep
O L]
DD m [ 10UTB
"> [ ]
O <[] [IouUTBN
L1 [DreN
12 13[] AVSSB

C
CKDWX []
CVSs [
= Single-channel D/A converter built-in
= High performance
(120 dB signal-to-noise rati@
(0.001% total harmonic distortion noise) PACKAGE DIMENSIONS
(110 dB dynamic range (Unit: mm)

24-pin SSOP

%
|

5.40£0.20
7.80£0.30

EEEEEEEEEEEE

10.05+0.20
10.20+0.30

11

0‘36*:0.10
[2lo.10

=]
b=l
[S]
+
o
ba|
ol

NIPPON PRECISION CIRCUITS—1



SM5865AM

BLOCK DIAGRAM
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SM5865AM

PIN DESCRIPTION

Number Name o] Description
1 DVSS - Digital ground
2 DI | Data input \
3 BCKI | Bit clock input
4 WCKI | Word clock input
5 IWSL Ip Input data word length select. 24-bit when HIGH, and 20-bit Wh{n @W. _
RSTN Ip System reset. Reset when LOW. <\\ \ \
7 TSTN Ip Test pin. Tie HIGH or leave open for normal operation. </
8 TO 0] Test output / §
9 DVDD - Digital supply K k \/7
10 CKI | System clock input ( ( \Y'/
11 CKDVN Ip System clock frequency divider ratio seleet. 1 WM (n}d@m{%d 2 when LOW.
12 CVSS - System clock ground (
13 AVSSB — | Analog ground B ~ \ N
14 RBN | Built-in resistor connectigh B
15 IOUTBN 0 Inverse-phase analog output<B\ \>
16 I0UTB o] In-phase analog output B
17 RBP | Built-in resistor cony@c}iaﬁ-B\ \/
18 AvDDB - Analog supply B/A K \
19 AVDDA — | Analog sup;y( A
20 RAN | Built-in r;s@o( connection
21 IOUTAN 9/\ Inverse%@%ﬂ@output A
22 IOUTA 0 Iryﬂﬁs@nalog}w){h\
23 RAP l BWSWnectio
24 AVSSA - \@og gr(ﬁd\A\ \
Ip : Pull-up input

&
Q
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SM5865AM

SPECIFICATIONS

Absolute Maximum Ratings

DVSS :AVSSA :AVSSB = CVSS = OV, DVDD :AVDDA = AVDDB

Parameter Symbol Rating Unit
Supply voltage range DVpp, AVppa: AVppg -0.3t07.0 v
Input voltage range® Vin DVgg — 0.3 taVpp F0: v
Storage temperature range Tstg —5€ to/125 \C
Power dissipation Pp \}jb\ \?\/\)\
Soldering temperature Teid ?5‘5\ {C/
Soldering time tsig

1. Pins DI, BCKI, WCKI, CKDVN, IWSL, RSTN, TSTN.
Also applicable during supply switching.

Recommended Operating Conditions

DVgs =AVgsa = AVgeg = CVgs = 0V, DVpp = AVppa = AV R

AT :
N

Parameter /\Synbol Rating Unit
Supply voltage range DVpp, AVDQKMDQ 451055 \Y
Supply voltage variation $0.1 \Y
Operating temperature range /> —401t0 85 °C

XN
@
Q
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SM5865AM

DC Electrical Characteristics
Recommended operating conditions, unless otherwise specified

Rating
Parameter Symbol Condition Unit
w [ w [

DVDD supply current! IooD mA
AVDDA, AVDDB supply current® IoDA T8D mA
CKI HIGH-level input voltage Ve 0.7Vpp /-> -~ P\
CKI LOW-level input voltage Vic - NK 0.3Vpp \\N
CKl input voltage Vinac AC coupling 1.0 < - )\/ )
HIGH-level input voltage? Vi 24 - \ v
LOW-level input voltage? Vi { ( < \/\\O’g v
HIGH-level output voltage® Vo DVpp N0 / ( - \y\_/ - v
LOW-level output voltage® VoL N \\&/ 04 v
CKI HIGH-level input current e /\36\ ﬁ““/ 120 HA
CKI LOW-level input current lc 30 @ 120 pA
LOW-level input current* lio - 9 18 pA
HIGH-level input leakage current® (I - 1.0 HA
LOW-level input leakage current® " - - 1.0 WA
HIGH-level input leakage current (I > - 1.0 pA

DVpp = AVppa = AVppg = 5V, system clock input frequency foy (= (L6. no output load, NPC-standard input data pattern.
Pins DI, BCKI, WCKI, CKDVN, IWSL, RSTN, TSTN.
Pin TO.

Pins CKDVN, IWSL, RSTN, TSTN.

Pins DI, BCKI, WCKI.

Pins CKDVN, IWSL, RSTN, TSTN. O

S e o
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SM5865AM

AC Electrical Characteristics

System clock (CKIl)

Parameter Symbol - Rating /\ Unit
min typ \Q.'ﬁ\
HIGH-level clock pulsewidth tewn TBD b\
LOW-level clock pulsewidth tow TBD
Clock pulse cycle texi TBD

Reset Input (RSTN)

Rating
Parameter Symbol Conditio Unit
min typ max
At poyé - - us
RSTN LOW-level pulsewidth tRsTN pN\ \}7
After &{o@er ON 100 - - ns
Serial input (BCKI, DI, WCKI) /(m
Rating
Parameter mbol Unit
/\ min typ max
BCKI HIGH-level pulsewidth tecWH 10 - - ns
BCKI LOW-level pulsewidth XBCWL 10 - - ns
BCKI pulse cycle tgey 20 - - ns
DI setup time tps 5 - - ns
DI hold time K K A\ tpH 5 - - ns
WCKI edge to first BCKI ri?ﬁb}dg}\ ) ) tew 10 - - ns
Last BCKI rising edge M&{edge twa 10 - - ns
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SM5865AM

AC Analog Characteristics

DVDD = AVDDA :AVDDB = 5V, DVSS = AVSSA = AVSSB = CVSS = OV, Ta: 25 OC,
44.1 kHz input sampling frequency, fok = 16.9344 MHz (384fs), 48fs operation

Rating &
Parameter Symbol Condition Unit
min | typ | N
Total harmonic distortion THD +N 1kHz,0dB %
LS! output level Vou 1kHz, 0 dB 5 \(ms
Dynamic range DR 1kHz, -60 dB \1%\
Signal-to-noise ratio SIN 1 kHz, 0/—c0 dB }}B )

Estimated values for audio signal data with up to 20 kHz bandwidth,
DVDD = AVDDA :AVDDB = 5V, DVSS = AVSSA :AVSSB = CVSS =0 ,
48 kHz input sampling frequency, fok| = 24.576 MHz (512fs), 64fs operation
96 kHz input sampling frequency, fok | = 24.576 MHz (256fs), 32/fsepeat\ion

\E@ng

Condition é

Parameter Symbol - \Ly/p | - Unit
Total harmonic distortion THD +N 1 kHz,ﬁQB/ %
LSl output level Voutt 1kHz,0dB % TBD Vrms
Dynamic range DR 1kHz, —60 dB dB
Signal-to-noise ratio SIN 1 kHzﬁl7eodB\ daB

Measurement circuit block diagram

ACKO(3844
. BC >
Signal 2;\ > EValyati
Generator WCKI__ 2y Boa
DATA N\

DVDD =AV =

N

L/R Channel
Selector

Distortion

10kQ Input Impedance
NF Corporation 3346A

Analyzer

RMS Measurement
Corresponds to
Shibasoku AD725C

3346A left/right-channel selector AD725C distortion analyzer with
rameter Symbol h S
switch built-in filter
Total harmoMM / THD +N
Outout level v THRU 20 kHz lowpass filter ON
P out 400 Hz highpass filter OFF
Dynamic range DR D-RANGE
20 kHz lowpass filter ON
Signal-to-noise ratio SIN THRU 400 Hz highpass filter OFF
JIS A filter ON
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SM5865AM

Measurement circuit
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SM5865AM

FUNCTIONAL DESCRIPTION

Quantization Noise Reduction

The SM5865AM employs a 3rd-order 23-level quantizer noise shaper to effectively reduce quantization noise
in the audio band. The quantization noise component at 16fs to 96fs operation is shown inigure 1.

,12 < i i i ; ﬁ
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Table 1. Operating cqnditions

Para%& CKDVN =HIGH CKDVN = LOW

3 fexi = fweki x8xn fexi = fweki X 16xn

fWCK| and fc 1 C
wheren=1,2,3, .. wheren=1,2,3, ..

f f
Noise shaper W fos = fwek) X N= CKi fos = fiwek) X N= _CKI

8 16

1. fyck = word clock frequencynfcy; >aput system clock frequency, n = internal oversampling factor
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SM5865AM

Word clock input
WCKI SM5865
—_—

P

System clock input System clock divider
CKI CKDVN

Figure 2. Clock-related inputs U

Table 2 shows some possible combinations for the circuit configuration f)WrT? figwe 3.

AR

fs Interpolating filter fweki \65)
» > 58
(8-times/4-times) V(
fc

!

CKDVN

Figure 3. Circuit.configuratiol

)

fs System clock frequency® Npige shaperoperat Internal factor Internal factor
fex rate (8fs input) (4fs input)

Table 2. System clock frequencies (CKDVN =

32 kHz 4.096 MHz (@}5 \6(5\ 2 4

32 kHz 6.144 Wiz (19215 22 3 6
32 kHz 8.192 (2%\ \Q 4 8
32 kHz 12.288 MHz (384 A 6 12

32 kHz 16.384 % 64fs 8 16

32 kHz 24.57‘§ @z (79/%)/ = 96fs 12 2
441 kHz (ék/msmi(lz@ ) 16fs 2 4

44.1 kHz <\§\Xs\72 MHz (19?37\/ 24fs 3 6

44.1kHz in SQWSGfS) 32fs 4 8

441 kH/ \16\.9%4 MHz(384)s) 48fs 6 12

441 % < 2?5\7%2\@ (512fs) 64fs 8 16

44.% 33.86§ w’-{z (768fs) 96fs 12 24

48 kHz 6*@ Hz (128fs) 16fs 2 4

48 kHz M 92fs) 24fs 3 6
(

48 kHz 12.288 MHz (256fs) 32fs 4 8
48 kHz 18.432 MHz (384fs) 48fs 6 12
48 kHz 24576 MHz (512fs) 64fs 8 16
48 kHz 36.864 MHz (768fs) 96fs 12 24
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SM5865AM

Table 2. System clock frequencies (CKDVN = HIGH)

fs System clock frequency? Noise shaper operating Internal factor Internal factor
fexi rate (8fs input) (4fs input)
88.2 kHz 11.2896 MHz (128fs) 16fs 2 /\ 4
88.2 kHz 16.9344 MHz (192fs) 24fs 3 6
88.2 kHz 22.5792 MHz (256fs) 32fs 4
88.2 kHz 33.8688 MHz (384fs) 48fs 6 />\ o
96 kHz 12.288 MHz (128fs) 16fs 2 AK 4 \\
96 kHz 18.432 MHz (192fs) 24fs 3 6 Z /
96 kHz 24.576 MHz (256fs) 32fs ﬁ\ 8
96 kHz 36.864 MHz (384fs) 48fs & % / \/> 12
192 kHz 24.576 MHz (128fs) 16fs 2 K & > \ 4
192 kHz 36.864 MHz (192fs) 24fs / \3\ 6

1. When CKDVN = LOW, the system clock frequency fcy is halved, so the values sh

and internal factors.

System Clock Divider (CKDVN) i put (DI, BCKI, WCKI, IWSL)

The SM5865AM has a built-in divide-by-2 system
clock frequency divider. The divider enables
internal system clock to operate at half the input
guency, for example when the external maste
input frequency is high.

System Reset (RSTN)

! dta is input in MSB-first, 2s-comple-

~24-1jt/20-bit serial format. The input word bit
length is“selected by IWSL, 24-bit when HIGH or
open circuit, and 20-bit when LOW.

ér-free function

Serial input data bits on DI are read into an SIPO

= Atpower ON register (serial-to-parallel converter register) on the
- Whgp the system cloc rising edge of the bit clock BCKI where the serial
malities occur.

datais converted into parallel data. The internal par-
pulse  alel data control timing is derived from the system
clock, and is not affected by any jitter on the input
data clocks (WCKI and BCKI). After a reset opera-
tion is released when RSTN goes HIGH, the internal
timing and the WCKI input timing are phase com-
pared on the first and subsequent WCKI falling
edges and the comparison result is used to perform
timing adjustment to maintain the word boundary
relationship between the internal timing and the
WCKI clock.

The device is reset by applying a
on RSTN.
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SM5865AM

TIMING DIAGRAMS
384fs System Clock Input Timing

(1)20bit * IMSB

DI 1]2|3|4|5|6|7|8]9
- AN
| e JUUUULUULL
(2)20bit ! MSB
DI E L7117

oo I @E‘:HJHJHJHE

(3)24bit O'MSB ~
>\{4 51647 849 [10]11[12]13]14|15]16|17/|18[19]|20[21[22]23[24

1 1
3 erod within the word clock cycle.
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SM5865AM

256fs System Clock Input Timing

3 1/8fs o
WCKI ‘|

(1)20bit *

(2)20bit

(3)24bit *

|
DI 1|2[3|4|s5|6 z%\ 10/11{12[1314[2516(17|18]19[20{21[22{23)24

(4)24bit

,_
192}
w

sK J7"' " _'_B',L_'_HJ?HHHHHHHHL
7

1{2 415

6]7(8|9(10]11{12(13]|14|15[16{17|18]|19(20|21|22|23(24

N
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SM5865AM

TYPICAL APPLICATIONS

Input Interface Circuit

I

I

CKI 44—
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SM5865AM

Analog Output Circuit 1

23 Level
DEM DAC T MV

23 Level T AN
DEM DAC

SM5865

23 Level
DEM DAC T MV

23 Level T AN
DEM DAC

Analog Output Circuit 2

4
RAP

)
23 Level T
DEM DAC ﬁ\\rﬁm - | - W
23 Level IOYIAN [ ] +
DEM DAC : i
RANT|
SM5865 jT
RBP ._jr

N

23 Level

DEM DAC [OUTB T ' ;
23 Novel IOUTBN | )

DEM DA %

RBN

i
= =
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SM5865AM

Analog Output Circuit 3

RAPL
23 Level
DEM DAC T M OUTA™
23 Level T AN IOUTAN g
DEM DAC
RAN
SM5865
RBP L
23 Level
DEM DAC T M ouTE™
23 Level T AN IOUTBN/
DEM DAC :
RB?A’

Analog Output Circuit 4

!

O N
%\?
23 Level
DEM DACI—T My -
23 Level I JAN | +
DEM DA/ O 1
RANT
SM58
RBP |
231 % T
DEI\B?LC\ T Wy ouUTE™ -
tews] ) L opp——touteng |,
DEn DA %
RBN T

Note that the analog output characteristics are not guaranteed for non-standard output circuit configurations.
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SM5865AM

erves the right to make changes to the products described in this data sheet in order to
supply the best possible products. Nippon Precision Circuits Inc. assumes no responsibility for

malfunction of the produtts, omers are requested to comply with applicable laws and regulations in effect now and hereinafter,
including compliance with expoxt_congrols on the distribution or dissemination of the products. Customers shall not export, directly or
indirectly, any products without first thtaining required licenses and approvals from appropriate government agencies.

NIPPON PRECISION CIRCUITS INC.

4-3, Fukuzumi 2-chome
Koto-ku, Tokyo 135-8430, Japan

NIPPON PRECISION CIRCUITS INC. Telephone: 03-3642-6661
Facsimile: 03-3642-6698

NC9804BE  1999.2
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