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SM5874AM
D/A Converter

OVERVIEW

The SMS374AM is a third-reder, ?-charme]l T-A
(sigma-delta} DYA converter for digital audio appli-
cations. I incorporates an 3-times oversampling
digital filter, deenphasis filter, atcnuator and sofl
mple circuis. Double-speed dubbing is supponied.

The SM3374AM operales from 2 27 o 5.5
voltage supply and is gvallable in 24-pin $507:.

FEATURES

® Double-speed dubbing riode (4.5 to 5.5 ¥ supply
atily)
® 441 kHe sampling Frequency
» 169344 MHz system clock (384f% or 1921%)
® 16-bit, MSB-first, scrial data inpul (< B4fs bic
clexck) '
B B-times oversampling digital Filter
* 32 dB stopband atizroation
+ =105 dR passhand ripple
* —0.34 3B passhand coinpensaton for 70 kH-
lowpass Olter
& With dcemphasis enahled
* 36 dB stopband atienoation
= 0% to .25 dB deviation [mom ideal deci-
phasis chaaclerisiic
v —0.34 dB passband compensation for 70 kKHz
lowpass Tilter
B jd-step allonuator
8 Third-order noisc shaper
= 32fs oversampling Z-A (sigma-delta} DA con-
verter
® Molybdenwin-gate CMOS process
m 271055V opersting supply voltage
B 24 pin S50

PINOUT
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BLOCK DIAGRAM
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PIN DESCRIPTION
Hesribar Harma L Dasmiplinn
S rmue srabe when MODE & HIGH. bule iz active when HIGH,
1 MJIE P Adevater level direction contral whan MODE & LOW. Tho atioruamr
dirsctizn i down when HIGH.
2 DEEM Daamphasis smsle Peemphazis i ON whan HISH.
3 CKD o 16,8224 MHr dock oulput
i Nvsg - Digial groune
5 BCKI 2 Bil cheh st
& o [ Sarial data trput
7 OYCoD - Digial supply wollape
8 LAGI b Semplz ralg deck, Lel-chznel inpel wher HIGH, and nghl-channsl Input
whan LOWY,
G T5TH I “est pin. Leave this ob opan o Be i HIGH for nemal eperation.
10 Lo 0 Lefi-=~annel narmalaslanily snaag ouput
1 AYDOL - Analar supply mikage
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Hurmbsar Name e Jesariplian
13 AVES Snakeg graund
14 RN 0 digurchanal inverse-palarity 2oalbg oulpt
15 AVDDR - Lremg aupnly viltage
16 RC: a Right-chan~sl nerrabpelesty stalog outmit
17 L) - Deallalgr circuit supply viltage
18 T I 65044 Mbz cystal osdllatyr oo awation o sdemal slock lnsut
d:| AT v] Grysky pellate comnaction
) Vol - ol suewl preund
H L3 Ip Doste-spesd moce selest Doltlespeed moda i selecled when HIGH.
22 RETH i Aive-LOW rozal input -
o4 MODE Ip Solt mum o :utenuamr mode selecl Soft wile mode i selected whan
HIGH, and anencaior mode whas LW,
24 ATCK I Auanuator lewel sotdng chock. Disablad whan MODE g HIGH.
Nnte

I = input, Ip = input with pull-up resistor, O = aupu

SPECIFICATIONS

Absolute Maximum Raltings

Dvs'.'} = A""rsﬁ - }:VSS = ﬂ' V, AVDD = ﬁ‘\lruur_r = ‘:h'.lll"?DﬂE

Fararwley Symbel Rating Unil
Supply voltege mnge D¥on, A%, Moo —53 1o 7.0 ¥
npt viftage rame. Sed k. Wi e — 03 to DVoo + 0.3 ¥
ETH inplt wolmge ranga in Azs = 3 0 Xipp + 03 ¥
Power diesipation fo #50 iy
Sorage Mmozralure renge Tug ~40 125 deg
Scldating temperatune Tou B 2ER tg.
Scldring time [ i 3
Note

Ping MUTE, DEEM, BCKI, DI, LRCI, TSTN, DS, RSTN, MODE and ATCK

Recommended Operating Cuonditions

Nermal-voltage mode

DV = A¥e = XV = 0 W, AV, =

AVo = AV

Parameler Symbal Candhlon el
Gunply vatage tange [Wea, AVan Xvop 43 I 55 Y
OV - ¥¥im,
OVpp - AVpg,
' ¥nn ~ Vo,
Supply wvoltage difierences BYes — XYoo 201 W
M3z — A¥ae,
Xinp — AVeg
Clnarmtna tamnershre ranne T Ay dn DE drm




SMSBTILM

Low-voltage mode

DVie = AV = XV = 0 VYV, AV — AN = AV

Paremeter Symbel| Coandltlon nlt
Suoply volege moga O¥en, AYEp, Xan 17 45 W
oo — ¥,
Vg — b¥a,
. Wop - AV,
Supply vohage difarasces M — I'i"n’::. T ¥
OYes — Ales,
Lo - ANy
Cparating tanperztura mnge Ter ~A 1o T . &

DG Characterlstics

Normal-voltage moda

D"l"55 = ﬂ.‘l.-'rss - KVgg =10 V, D"-"Lm = .E'L\"m:. = K"UD:. = 4.3 kr 5.5 \F.r‘ ﬂ"u'?m = A"l'rnﬁL = n‘ﬂkvnnkl
T, = =40 to 85 deg, O

; Raslng
Paramater Symbaol Cordilian Unll
min typ mAax
DVED ELpply camen .-mn B2 note & - 15 &5 mA
VGO supply curmend oo See nola A - 2 £ mA
AT wlal swpply cure Do, S8 nele 3. - 1 2 mA,
XTI HiGHAeved i1pul wolnge Wi otk inpl 07N - - W
K31 LOW-level anpd wollage Vi1 ook impt - - B2Yrn )
KT AC input wedtae Yinaz AC covpkng 23EY - - Yo
HiGH leve! insol wpllags Yiyz See e 1. EF - - ¥
LOW-24a npun voltage YLz Fan rote 1. - - 0% ¥
HI&H-lavel analog outper waliags Veua g"” = T'ﬁ" Afpp - 13 - - ¥
ge aote £

LM -leval analee puipyr voltage Yo o, =7 mA See nolo 2 - - - (k] i
CEC HIGHevsl IJLII!|:r'.J.I ywoliage Vo Im = 1nh D¥ey - 04 - - v
CKO LOVHknel outaut sokege U ) ] - 04 v
XTI HiGH-lewal inget caument In1 Wi = Xifp - 12 25 118
XTI LOW-lavel input currart IiL: Wi e £V - - e 25 KA
LOW-level input eurrent ko Vin=C Y See oo 1. - 1z 25 )
loul lezkape eirent ™ ey = DVpg Ren mow - - 140 [P
Mntes

1. Pins MUTTE, DEEM, BCEIL 11, LECI, T5THN, 5, R3TH, MODE and ATCK

2, Tins LO, LON, RO and RON

3. DVpp = AVpp = XVoo = 5 V, DS = 5 V (dintble-speed mode), Gm = 16.9344 MHz, no load on any
ontpul pin, NPC-specilication input date scouence
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Low-voltage mode

DTI'FSS = A-"i'r!js = XVSS = 'lr.] V. D‘H"Tm - -l"'nv[:n[:. = }i:vuu = 2. 1o d.5 ‘ﬁ'r, J"-'LVDU = J’L"\-rnm_ = :'\Th'r:;m,
T. = -2 to 70 deg. C

Ratiny
Paramates Symbal Conditon Unit
il Np mEx

OVDD supply curast knn Sea row 3 - § 1 ridk
¥YDD supply aurrant kox See note 3 - 1 3 mh
AVOD total supply cumer Ieos S nate A, - g5 1 mA
XTI HKi4-ival input woltage Y Cloek inpud DT - - ¥
XTI LOW-lwal input velkage Vi ek ot - - 0.3%vpp W
XTl AG inm wpiega Yiuaz AG soupting 0. 35 pn - - Ypa
IGH-bvml input volbage Wi S8E nple 1. 24 - - ¥
LoW-level input wvalaga i Sga rop 1. - - ! 0.5 Y
HIGH-levsl snalog eutan) waftage _' Yeha ;:':E =n;.;:|.52r1.ﬂ. Avpp - 03 . ! - Y
hLDWJE-raI andlog output raliage Vi gp:ngl.: gﬁ" - - (k] ¥
RO HIGH-aval eurlput veliage Youc loy = &5 TA Dnp — 04 - . - v
A0 LOW-lavel cuipsy vohage Youe b = 0.5 Tk - - . 04 W
XT1 HiisH-lavat gt curvent Rt Vi = ¥ ' - 4 15 uh
XTI LOW-evsl ingut coment o [Ye-ov - 4 18 A
LOWdeval inpui gurent - [ YWy - 0V S rol ‘;‘.. - 4 15 BA
[realt |makage currese " Ly Yin = DVep, See rowe 1. - - 14 HA
Notes

I. Pins MUTE, DEEM, BCKL DI, LRCI, TSTN, DS, RSTN, MODE and ATCK

2. Pins LO, LON, RO and RON

3. DYoo = AVep = XVpp = 3 ¥, DS = 0 V (normal-specd mode), b = 169344 MHz, no load on any
output pin, NPCespecification inpul dals scquence

AC Characteristles

Normal-voltage mode: DV AVe: = XV = 0V, DV = AV = XVos = 45 to 55 ¥,
AVoo = AVoo, = AVam, T, —40 to B85 deg, C

Low-mflagc mode: DV = AVee = X¥ss = 0 ¥V, DViw = AVpy = }{VDD = 2.7 1 4.5 "\-r,
AVpp = AVpn, = AVpog, T = ~20 w 70 *C

Il

System clock (XTI

Crystal oecillator

Rating
Paramezler Symbo - Unlt

Oezlakr frequency foen 40 1653 174 MHz
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External clock input

Rating
Paramaler Eyimibol linkt
miln Iyp max
HIGH-kval coek pulsevidth tzw &5 2L 125 ns
LOW-level dovck mistwidin T, KA 25 125 )]
Clock pariod Iy 36 4.0 2 ns

Exiernal clock Input wavelomn

Serlal data input (BCKI, DI, LRCI)

Paramsaney Zymbol Retng Enit
miln p hax

BOK] HP3H-levsl puiseowidin B ] - - ns
BCH| L0 devel pulsewidth tarw &0 - - ng
BCKI pulse gycla fime Teew Rt - - ne
Ol setus time Iz i - re
2 held tme e it - s
Last BCKI rieing adge 13 LACI edye deay " S0 - - ns
LACI edga 1o fst BOKI ricing edge dalay ILi | - - It

Serfal deta input waveform
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Control inputs (MUTE, MODE, ATCK, DEEM, B5)

Raliny
Faramelor Sytmbal Unil
mir wp mayx

ATCK LOWevel pulsewidth Tamw " it - - s
ATOK HIZH-lkved pulsawdin 181w ‘P2l - - W
MUTE golup fime by, 100 - - s
MUTE hold time TWuH 160 - - 7
MODE sewp fime LS 100 - - e
MCDE hold dlme I 10 - - 5
Hise &me ke - - & fig
IFaJI firme I - - | s

Controb Input waveforme

WMUTE
MODE 18YW =—-—-- > < --------

Lo =

DESM, [,
MUTE, mODE, 18Y —— - -
ATCK

Resel Input (RSTN)

Ratini
FParamatsr Svembel Wit
min Ij"P mazx
RETH LOW-level pulsewidd
(RFor power supply stabdizes) Tnetn £0 - s
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AC Analog Characteristics

Normal-voltage mode

DVy = AVy = XV = 0 ¥, DVon = AV = XV = 3 VoAV = AV = AVpps, DS = 00 v,
DEEM = 0 ¥, crystl oscillator, fue = 16.9344 MHz, T, = 25 dog, ©

Ratlng
Pararmeler Symibl Cendition Wit
i yp maK

Telal harmenic distaren THD + N f=1kH;, ¥ = 0B - 10025 0.002E %,

;:I:uﬂl1 aulput levet Yo T=1k4& ¥ =0dB ~ 158 - Wrme

!EWL board oLl beval Yeute f=*kHz, W) =0 g 1A 2.0 22 Vit

Cynemic range DA fe1 kM ¥ = 5 dB 1 L - dE
. - . T=1EkH,

Signal-to-noise . Ses role 2 5N ¥ = 0 dEh = o4 100 - q8
. i=1kHz

hamal £eparahion Ch. Sop Vi = — aiid i Bd <] - dB

MNites

1. The measurement circuit Meck diagram is shawn in figure 1, The measuremen circuit itsell is shown in
figure 2.

2. The theoretical owput fevel of the dovies s (L3058AVE: Vo

3. Simal-to-nise is measurcd following a device resol, wilh DATA = O (N = LOW), Under these
conditions, the sigral-to-neisc mlio includes oaisc-shaper noise.

Low-voltage made

D"l?s.s = !’!\?55. = XV::;_: - D V, Dvm: = J'-\.V[;D = X‘#.;n = .'5 1'-"'., .a.\‘lr"jx} = ﬂvij = .-ﬁj."n'rup“, DS = D "p",
DEEM = 0 V, crystal oscillator, fose = 16.9344 Mz, 7, = 35 dep. O

Ratlng
Parametar Symbe Ceondltlen Lnit
rin yp max
Towel hermoae dislotion T4D + M F=11kHa ¥i - 3dB - (oa3 - L
Thooretcal ourput heved. . )
searoe Vot 1= 1 KHg Vi = 0 4B - 082 - Vi
EVAR brard autput |evel Yoz =1 kH V) =0 3B - 1.2 - Yern
Trunamic ranpa MR, f=1kHe, W - B2 o - 04 - ab
Signalonoke rlio. Sz nele 2 SN [=1 wHe, - 5% - d3
T ’ Vie O odic o=
Charne! soparation ch Sep |71 M - 84 - o2
. ¥i = - =) dB
Moles

L. Tho measarement circuil block diageam is shewn in figura 1. Thi measurcment circuil itgelf is shown in
Mgure 2.

2. The theorrtical oatput leval of the deviee is D.SDSEAV:M;. Vions

. ignal-te-ncise is measures! following a device resct, with DATA = 0 (D1 = LOW), Under these
conditions, the signal-to-npise ratio includes noise-shaper roisc,
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Theoretical Filter Characteristics

Decmphasis OFF

Fratpueency band Rting
Paramelar Ul
1 1z = 941 kHx mén yp rray
Fassband ripphs 0 b DASHGE 0o 200 kHz -0105 - 0% 48
Stopband atlanusbon LELEDE to TA0EME | 241 D 32ET kHp 32 - u de
FiMar pestarr paesation 04555k 200 bHz - -0.34 - dE
Cverall fraquency charactarislic (deemphasis CFF)
|
o :
a
2 -
— Py
g . | A
g - f [\
oI Ff\\ i—; a
A R
" A
A
L 1)
0 ll.lﬂ ]l||'ﬁ'| IlJ .l"lllH 1\ ! |||||r1
Qul 1 1 £ 1 52 ae T8 a0
Fraueny (1)
Passband characleristlc (deemphasis GFF)
i - —
— __..—-—-""
. _'_____,_...--"'"'_FF._ = \
§ _____._--'—"'_'_. _-4\7
c o4 .
: |
08
1
aY ] 1 - 1 | 1 E
0200 0125 £.254 0.275 D535 O.EAD
Trequensy (=)
Ceemphasis CN
Frequancy band Ratlng
Paremeter . LEr
I @ ls = M ke it Wp max
Passbard ripple 0 o 04835k 9 HG kHe -0 - e dfi
Slopbard abenetian 05465k 1o 748360 | 247 w 320T ke % - - dB
IFiIt—:-.r POsTCOiT PGt FEEc ) 00 kHe - 034 - ]!
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Overali frequency character(stie (daemphasis QM)

Gain {0}

Clal (B

~ N

an ul H

T ALY AR Y

1] 10 %0

1.0 i 7] EQ 740 Ao
Frvianiy (Is)

: --_H--‘-H_'_'_‘—--.________‘_
w0 "\\
T2 1 1 1 l 1\
020D &125 D2 F.373

Ddoas  O.S00
Fraquemcy [a

e m———— i m
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Measurement Clreuits

Fgnal
garmralar

Mifes

L. Toput impedance = 10 k2 NE Pry. Tid, 33464 cireyil desipn hlock,

UATA = 18 bils

Figure 1. Measurement circuit block diagram

|

Lal z1anal
ciwlloor gk
Shannc!
F@M chamel saledm
ikl

CHG d4la)
BCK
Fualsatan
_ACK fiz} beam
| DaTs
[5=3d.1khy

NF o alion 33454,
1% kit npLr I e

2. RMS measurement. Skibasoku Pty. Lul. AD7I5C.

Measurement conditione

Diixhartzn
Analyze

Shbageky ADTE5C.
RuS rreagwnsrant

Farameter Syrmbod JH8A channel sabicter position | ADV2SC distortlen analyzer sailing
Total harnore: disiorton THE + H
THAL o .
#) kHz owpass filter is D0
Dutput lavel Vour £X 4z wighpess flier is OFF,
Pynamic rays bR HRAKGE
£0 kHz lowpass fler iz ON.
Spnakte-nnine rEiin N YHEL 400 Hz highpass e & OFF,
FIS' A-weighbed filler iz ON.
_ A kHz Fowpass {itor s ON.
Chanral seceratian Ch. Sep THRL 40 Kz highpess Fbor is CFF,

* Japanese Industrizl Standard
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FUNCTIONAL DESCRIPTION

Sysiem Clock

The system clock oscillates at sidwr 19205 or 38445,
selected by the level on DS, This {zalure aflows

Takla 1, Systam clock sslaction

double-speed pluyback seleclion where the sam-

pling frequency iz 88,2 kHe

Farameter Symbal Conditien Rading tinlt

D% 15 HIGH. & = &3 [}z 15034

KT npul Trequenay Fa MHz
IS & LIW, & = <41 kHe 1585
0% i HIGH. 13

R putput fracuang, Fen fa
05 5 LOW. 334
b5 s HISH. -

Imtemal systarn dock parind Tavg 5
‘EE 5 LI bkl

MNote
La is the inpul clock period,

As e aability and signal-to-noise ratio of Lhe
system clock preatly affeets the AC analog charac.
teristics, care should be taken to cnsure that Lhe
clek is fres Eom jicter.

The system clock can be generated by connec.ing a
crystd botwoeen XTI and XTO,

Alicrmatiezly, an extemal clock can be inpat on
XTL In (s case, XTO iz Iali uneonnectsd.
Ttecause XTI in conmacted iolemally to the feed-
back resister aroundd the internal CMOS inverter,
the external clock input can be AC-coupled, A
buffered clock signal is ootpul on CKO.
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System Reset

The SM3ETAAM needs 1 be reset afier power-up
or when either of the LRCT or XTI clocks stop. A
LOW-Jevil pulse on ESTIN will resynehronize the
internsl arithmetic and output clocks on the firs
rising edge of LRCI afier RSTMN reurng HIGIT

When KTSN goes LOW, the PWM ootpats are
mutcel with a 50% daty-cyele signal. Mule is
released on the eighth rising edpe of LRCT afier
BSTM rzturns HIGIT,

FS5TH Lo

e [T | L]

Intamzt raead

L (LEhy ==

RO [ACIM]L = —

503 QU Cyete rlnds. mted)

-

Figurz 3. Svyrter rpect timicg

Audle Data Input

The inpul daty is input on DI in MSB-{irsy, 15-hi1,
Zs-complement serial data format. Each Bit is
clocked into the interral shifl register an the rising
edge of BCKI, whire BCKL is between 325 and
e inclusive.

The timing of the anthmetic and cupue circuis i
mdependent of the tming of the input dal 1w
prevent jiter on he Inpul clock from fecding
through th the outpu clock, Provided that the [re-
quency ratio between TRCT and the systeny clock
(XTI} is maintained at the same valug, any pase
difference hetween LRCT and X'1'1 docs non ailect
device operslicn.

Deemphasis Filter

The desmphasis fitter Is designed to operate at 44, |
kHz. Deemphasis iz enabled by :king DEEM
HIGH.

Attenuation

Arrrwation mode is selecled when MODE iy
LYW, The Jevel of auenuation i3 determined by the
value o (e &-bit upfdown counter, DATT, The
signal data 15 muliplied by the value of DATT.
DATT chenges on the rising cdge of ATCK. The
dircation of change s conmalled by MUTE—down
when MUTE is HIGH, and up when MUTE is
LWy

The gain of the signal is given by

Gain = 20 = log(DATEGY B

DATT i3 weael 13 63 on g device mesel, and when
the Ingic leve! on MODE changes. Thiz eocre-
sprinds o 0 AR pain,
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Table 2 Aftenuation’gain [ist

Table 2. Attenuaton’pain list—continued

nayT Galn DATT Gain
&3 B.0dB # 5160 dO
g2 0539 tB 3 i o8
61 0280 48 I 573 8
- 0424 dB 28 7044 4B
£ 057 dB a7 7360 dB
68 o7 8 % ~7687 B
57 0969 B 25 8028 o
5 1025 4B o —B383 OB
56 1180 ¢ ] 2 5752 48
54 1238 o ] 9138 &8
53 1501 0B 7 5542 B
52 1 57 B 7 3966 dB
51 -1 % 4 13 10412 4B
50 P07 43 13 10881 dB
1 2183 dB 17 1378 ¢k
a8 —226¢ dB 5B —11904 B
47 2545 dB 15 12,465 dB
4 3197 o8 14 —13064 dB
- 15 2923 B ) 1 13708 dB
" ~3.114 ob 2 -14.4C3 B
£ 537 ab T ~15.158 4B
42 _s437 oB 10 15987 d@
4 47 dB 3 ~15.%2 4B
i _348 2R 5 17955 o3
KL —4.136 4B B r —18,0085 dB
2 4331 45 8 —20424 OB
7 4625 dC 5 _a207 oB
3% 4861 €D 4 23945 B
%5 ~5.156 4B 3 -26.044 4B
24 5748 | 2 _20.986 dB
53 567 dB A : 35,067 4B

a2 -RBe4 B 0 - m




SKS874AM

Soft Mute

Soft mute mode i selected when MODE is HIGH,
The up/down eounter i switched 10 internal lock

drive, and soft maie uperation i3 controlled by

MIUTTE only.,

When MUTE gocz HIGH, the upfdown counter
counts down, The total tme o go from O w
maximom mule is 102445 Ar 44,1 KILe, this is

approxitnately 232 s,

MLTE

Soll mule 1s released when MUTE rotums LOW,

and the pain is increased gradually w 0 4B,

TIMING CHARTS

Input Timing

Mue i cuneelled on a device reset or when the
Ingic level on MODE changes.

Figure 4, Soft mue opcraton

Y P P—

Lale =hannal

meh

15 bin

At enanrel

m=

kb

16 21E

I N I I

I

o I

—_—

.

B 17 U 1 1y i iy e U Py I B 13

LR

APPLICATIGN CIRCUITS
Input Interfaces

Normal replay mode

18544 MHZ creaal

1
. T Y10
Al 52344 M Hz o
Sony LACK £a1 oz o LA
CXD2500  cate " SMza74
J 1
Dats . 211BEMHz ) oy
pEEL i
- Il
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Double-speed replay mode

15,3544 M1 12 ety izl i
it T iI
’ 1R3Ea MHZ bal KTC
| L S— . 0HG
: , 4.1 WY
Maisushita P e e — o L
MWE‘-I? SF:'H-"!'. o SMSB'M-
snoK 2.1 158 MHz iy
SEL PaEL -
139544 WHz erpegal [0
i ‘,Jy i
XTI ra
Tl IE.3384 MLz o
44,1 Wiz (0.2 412!
Sony Lo c | SMEETS
GXD2s00 MAte : P
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Analog Cuiput Circuit

The left channel only has bzen shown o avoid
duphication,
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