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ABSTACT

Digital to Analog Converter for Audio Systems converts digital signals from a DSD
(Direct Stream Digital) file format to analog signals at analog output channels. Sound
quality will depend on brand of the IC digital to analog converter circuit. In the present,
the digital to analog converter player has high prices. So this project is the
development of the digital to analog converter circuit. To providing good quality and
cheap. By increasing the board Raspberry Pie with the digital to analog converter circuit
using the IC number DSD1794.Digital signal input come out from Raspberry Pie. It
converted into a digital signal output in S to format decoding and converted into
voltage applied. The digital to analog converter circuit can play music files from USB

and streaming system.
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1.1 anuduuivesdym

Tulduaunsiinninevannuatedssan wazdilawdazauiasiialadnisianas
uanAnefy Jegunsaiidnuntaelimsitanadifessasefilu Sond1 DAC (Digital to
Analog  Convertor)  ugunsaldswimihiiuvasdyanaitaes  Wiludyaiouuu
awdion lidwasildilndu Wailetuaglutiagtu avegluguuuuvssusiu €D, mp3, FLAC,
WAV vi3euq Wdwaniigniuiinuasiirsidlugluuuddnes Sedifibauadoys '0* fu "1 s

[ [

1 v v A 1% i aa Y
liaansaildld  DAC asgnldifeudavipyafigniiulugduvuidnes Iieenuludygy i

o

= P ' ) = [
wuuaunden Nannsaaeveaudygimdsdrlagu

TulAssaruil ez Raspberry Pi uay XMOS wwnldnusnge dq Raspberry Pi 9%
annsniaulvdiwassinuiaiagie LAN waz XMOS arunsataulwdinasain PC laesinu USB 16
%4 Raspberry Pi s835Uld PCM 'l 24 bit 192 kHz dau XMOS ses5Ulnd PCM 1dda 24
bit 192 kHz wag sae5UlWa DSD formats 64,128

1.2 InguszesAvasnsinun

1. elunsuszandldmnuinissnuned] unsuldfunisitnuese ieflnduinuey
mavihenituglusiudidnnsedng
e @ o o & Y oad (0%

2. welnuinwsmsiuduiugulumudidnnselind

]
s

wethgunsallaeanuuululdonild  wazenwasanluussandudefaunlusysui

ferd

=
GRkY
fogaANISIENUUasH Aaulnsalaas

4
5. An¥IN13M197U9975 Digital to Analog Converter
6. DBNWUU/A3192993 Digital Audio Receiver

7

9BNUUL/A3192933 Current to Voltage Converter wag 2435 Buffer
1.3 9aULIANISANE

1. @3192993 Digital to Analog Converter Toiaunsavinuld
2. VlﬂﬁaUﬂmauﬂ'ﬁmmN% Digital to Analog Converter Tusinu Frequency Response.
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A13199 1.1 szgznainsaiulasinig

1.5nana1091azlasu

1. lASeuivann1svineueedisms Digital to Analog Converter

2. Iii3eu3n139i19u a4 Raspberry Pi Lazn15as199a3 Lﬁ@iﬁﬁ&%’agmﬁmunu Digital
911 Raspberry Pi 11813 Chip DAC 16

3. 7997 Digital to Analog Converter @13130 vinaula

4. annsafivzth 2933 Digital to Analog Converter dlUldiu Computer \figuenadn

PR R Rl AT LRI N D P gy R

U9 MU 3., n.w. ii.A LY.
213 3 3 2153
1 | maya DAC Chip
5 Anw1nsYinuTes
Raspberry pi
. Anw/MmYayaveseas
DAC
ANYY/MUBYAYBIINAT
4 | ItoV Converter gy
Buffer
didegunsal panuuL/
43574
| 933 Digital to
Analog Converter
- TtV
Converter
UFuuse uidgmuile
i Fua
7 | ynsenunalasang




und 2
Sa A v
VIQ‘U{]V]Lﬂﬂ':!"U@Q

2.1 aauguURvas Digital to Analog Converter

G-hit - | Low-pass
DAC | converter fitter T

Micro- Data ::> 5-hit
computer | bus latch

OuT PORT J

U7 2.1 ssuumsudasdygnfdneadusundon

¥ ¥ ¥ ¥ %

N5UR 2.1 dansdsdaulsznaunanysssyuy DAC laevnld lilasmeufiunesasd
& & [ A car 1 - v ~ i % 9 I o &
s ueluus  1aswandsuailuuidanafiedduds DAC lursasaeldunassuda
7] S A d E72 = s v 1 =
wseduvie  nizuamsiiednsddunisulasdeys  lvuddussdunseua  dennasiiens
wlas annszuauseaunssiu (current-to-voltage converter) @ Uniagldpauuand
Vinean Sy neurdeniilaaziiig 2993 low-pass fitter



2.2 Raspberry Pi

vadn Raspberry Pi Wuussarouiiuned 32 Jn wuadnvuiawifuinsasnisa
5095UsEUUUURNIT Linux Aiaunlag Raspberry Pi Foundation figasusnusinagldiiy
don1sfuuntsaeu maduulsunsuneufnmeidmsudn uidaduvedaiisaltuwann
ldruhededieuivvedadug wansdwiudBudiu ildduiifeuumivans duaeaiialy
2819710157

2, 3ﬂﬁHﬁ§JUﬂ%NWIﬂuﬁ?JEJ\1UEﬁﬂ Raspberry Pi
« 14%w SoC Broadcom BCM2835 3s3a1 CPU, GPU uazSDRAM Tlushdadieniu
« videUsaanana (CPU) 700 MHz ARM11 ARM1176JZF-S core
« wlgUszanananin (GPU) Broadcom VideoCore IV,OpenGL ES 2.0,0penVG
1080p30 H.264 high-profile encode/decode
« 8RNI SDRAM 512 MB
« St USB 2.0 1101 2 wodn
« SaradanmnmiuuUsda RCA uae HOMI (Benldedhdlneghanily
- sefygnadsdesliuda 3.5 mm via dhuvneda HOMI
. mmﬁmwa%ﬁw%uLﬁ"'ﬁamia%uwmLmﬁ‘vgm (GPIO), SPI, I2C, 12S uaz UART (GPIO #ins9]
lalenunsa¥uusei Suwm 5 VDC 1 gegaue 3.3 VOC i)
« VU URN13Y09URsAILYINILEIU SD CARD
« $ste LAN 10/100 Mbps
 [¥lwiAssuesn 5VDC nsvudegretion 700 mA « YR8 USSR 85.0 X 56.0 mm

2.4 dqulsznauvueauasn Raspberry Pi

5Uil 2.2 Raspberry Pi Model B



1. pewullawmes SD CARD Fezfnnsagliuasa
o o I a '3
2. peudawmesdmiudoudedunmonding (GPIO) ,SPI , I2C |, 125 uaz UART lag

ALUUITIA19) Lananagy

nsvimd

;51}17'; 2.3 Connector

@
@

€ 1 ar ) % = I o P 1
3. pauLdin WD IADAEAIUAINLUY RCA d1visulransaiuaanwidltanuu RCA 1wy

s

4. pourtamesaedyanandusladlduia 3.5 mm

5. LED uapeaaueags ¥edussa Raspberry Pi

6. ARULTALMDIUSE 2.0 $9u7U 2 wasn

7. apwuiliawed LAN 107100 Mbps dwiuidsusiefussuuiniotns
8. pauLliAmes CS| ﬁm%’m%'amiaﬁ’u‘lu@aﬂé'm

9. LAN Controller

¢ o w o W i T w e
10. pouLdamasHOMI dmSuidensdedynunnuasids Weoleusefuaennia

FuU HOMI 1 Insvirad vise 2auaiines

11. N SoC Broadcom BCM2835 @3971 CPU, GPU waySDRAM Wlusndafiendu
12. pauiAmas DS dwsuldausoiuannin
13. pauliamasMicro USB dwsudnelnidesliuesa



Connector P5

&
:
L C

31.]."?1'. 2.4 Connector P5

Pinl: Power 5 V.

Pin2: Power 3 V.

Pin3: PCM_CLK = BCK

Pind: PCM_ FS = LRCK

Pin5: PCM_DIN

Pin6: PCM_DOUT = DATA

Pin7: GND

Pin8: GND

*Pin3-5 IHlunsdeassuuuy 125



2.5 PCM

PV gnAndudvlull 1937 Tae Alec Reeves Undneneanssmsinge uani
wielulagazgmiluldaneds fundily 28 Ylinds e PcM gniluldidndnyamniwees
g1ueINA  Mariner IV 91nandsmsinddan  wasAldiandnvaieUiaesanunsafaen
AnuanansaveavalLladeenuldegandud

M1 |7
110 | & P iy 5
analoges
01 2 / Signd /
100 | 4 / /,
P i
011 ] 3 \ / Signal
010 | 2 \ j
oot | 4 \ _/
oo (0
FCM
11 Sign=
u} — L t + ¥ T o
=1 Thit

3UT 2.5 deyaynas PCM

dwiunsulasdygneundenduiivawty PCM 9zusenevlude 3 dumou Ae
M5guag1e (Sampling) AM3WUativ (Quantization) Waxnsidnssa (Coding)
- Hz venfia sample rate vogunsad fmmduiusfunisnevaussauiivesgunsaliaiu
- Bit venfsawazdeatnlun1s quantization vesgunsal Tanuduiusiu SNR uae
Dynamic range maqqﬂﬂiﬂiﬁaﬁu

2.6 A5N15111974UB9 PCM

PCM vhe Taemsidnegisfiwentulutasnanilg (Genirdnsnisduiaethe g
Talufie Aladsnd 11, 22 Aladsed uas 44 Alaidend duiodgedudy ABsfinsuantves
AAULUUBLIBDNUUUR LAz AMNTWABITIATY wiavegradusiuaueds femuasiBen
laig1dnan +1.0 ves fullscale -1.0 vesruvuitma@w Wewnduvdriifesgn
Janududnavadvialisriaeuulud deyassgniaewdu PcM 16 Tnvide 8 G PCM
fhethe 8 uay 16 IndiSendulaeiily doya 16 dnflenuasideniiuiu waveform wuu
o

fAvialdeenAnin PCM 8 Umilanuazideatesndl  noliAam hiss  wuuildedly
sUkUY wenantidwadldnunfandasas



2.7 m3ieudegunsaliiuy 12C ( 120)

12C ¢au191n Inter-IC Sound, Integrated Interchip Sound, 3o IS Wunisdeans
wuveynsudilddmiunsidensegunsalideswuudineaivheiu  grldlunisdoanstoya
W@eauuu PCM seurin IC lugunsaiBiannseding 3 125 uendaysyrniClockuasdayayaudoya

<

29NANNU dwwalyidl) Jitter AnInszuunIsdsaIsuuUdus) TnevaluasdsdanacClockuas
doyamudoyaluludadudeniu Jawlilu 12¢ Hud

12S Usznaumedygia 3 1du
1. Bit Clock line (BCK)
2. Word Clock Line %38 Word Select w38 Left Right Clock (LRCK)

3. anedyantaya (DATA)

PLRCK « tifs »
L-Channel ? R-Channel e
o ol N
e JULIARFL—— AUARAAL - (LIAAA-— ARAAA— LT
PDATA 1] 2] —— 15|16 []2|-———][1g] 1]z
; e I l
PDATA e };ﬂ:a] !1[2]-~ww~wwm~-i23§24| 11[2
nss L8 l l

g‘Uﬁ 2.6 12S Data Input Formats

2.7.1 maveusiagunsalituu 12¢ BUS
12¢ BUS Tanedygy1as 2 iéfu Aa SCL wag SDA dmdufndugunsaliuu 2 fisms
Ingitudayay s 2 azdassiefiudirnumuuiuy pull up 2-10K iissneanaiidnvasy
. < [ = o (3 = o 1% Qs
wuu Open Darin vivatluuuy Open Collector iialmadnntausiaiulanaiss



Yoo
Rp RF
SDA L —0—
2-WIRE
SERIAL DATA
BUS

SCL L T
DS&000 051307 OTHER
MICROCOMN- REAL TIME 2-WIRE
TROLLER CLOCK DEVICE

JUN 2.7 anwniznINsWusiegunIaiiluy 12C BUS

2.7.2. msiflgu-srutoyaivgunsaluuu 12C BUS

«——=r— Conirol Byle >
7 B 5 4 3 2 1 0
START| T I I I |A2 | Al | A0 |R/W| ACK |d|d|d|d|d|d|d]|d]|ack |sTOP

—— DEVICE |n———n|4— ADDaEss-—»i MODE | ‘4— DATA ——»

‘U‘?i 2.8 'sﬂu,'uummau/muwauauw I2EBUS

ns¥u-dsdiayauuy 12¢ BUS MCU awiSusumsdsdayassns

- dea@nnuzi3udu (START Conditions) Wieuanensvelda

- Wiy TERIUAM (Control Byte) vsznet shesiia Uszddgunsal Device
ID, Device Address way Mode lumsisunseaudoya

- \flogunsal $uns1ud MCU dioans asinsiedasfifesdsanus3us (Acknowledge)
visoudalsf MU $udindeyaiilddeaniinugniios

- uazilofuganisdsiaya MCU aedosds anuzdug & (STOP Conditions) tilauan
Tugunsaiin Augamsliva

GARIEAGRRR ﬂ@Luauﬁlﬂmﬂﬂ’me ¥4 SCL uae SDA sy 1 mﬂ
m‘sm%uﬂaﬂm%iumuuauﬂmu”auamm I?C BUS (START and STOP Conditions)



10

SDa& e

o e

START STOP

5Ui 2.9 BUS START and STOP Conditions

é’ﬂwmzm'ﬁﬁwumﬁmusLéuﬁuLLazamwusﬁuqﬂmaa I°C BUS

- Wefesmsdstoya MCU asiosdsaniuziSudu (START Conditions) Ael# SDA
wWaguan 1wy 0 luwnedt s fandiu 1

- lefugantmsldta mcu wfesdsaEnugAuan (STOP. Conditions) Ael# SDA
Waguan 0wy 1luvned scL fidudu 1

2.7.3. 9AAIUANUBY I2C BUS (Control Byte)

2 1 0

Al ] A0

SR N £ <V ID—-—~—I-I4— ADDHESS—-—+| MODE |

5U1 2.10 12C BUS (Control Byte)

sierIUANTeY 12C BUS. Usenausasiauszdniivesaunsnl (Device ID) Useneuse
Un 1-7 uazda 0 Wudemuaunisiliousy

- saUszdinvesgunsal Ussneumesiaussdiinnngudn Product ID 4 Tn
(@ 4-7) Mdsuaudlolild wae Device Address 3 Un (I 1-3) Feld anunsn dwun
walst sauudandusifa 7 On lszusgunsal fireeguuta asdadriulalls

- Gmmugumadieudu (Mode) U 0 dle MCU sioamsidsudoyalussgunsald
Amuslyidaiidu 0 uandlafasnis srudena sngunsal A muslsadiy 1
Pnaniudidnvayaves 12C BUS



11

_Baana
wasundaavaya
+  +

li:l-Jl::_m
Suudailaya

UM 2.11 ms¥udslndayaves 12C BUS

- anmgnsiv-detaya asnsevinluvnienun SCL W1
- amwmnﬂﬁwwmﬁé’fm%!a EATLYINLTENYY SCL 10U 0

2.8 XMOS

XMOS Juvstmetinausnpeswuunliilssnuduvasiiodag i
& s a ) = e’al o - =
lulasroulvIaiassdensssuvutiaireslulasnoulnsaaosmiiunals uLuy  real-time,
DSP uagnismuaunislnavesnszuawuuaiuaiuly

Tuszuuidesiinea XMOS multicore microcontrollers - gnldatisniavndlag
UIEN  PYALY - Audio Partnership, Cambridge Audio, Meridian Audio, Native
Instruments, Oppo Digital, Sennheiser and Sony USB fgldBumadiva Audio 20 Tu
nanA

2.9 malulad DLNA

DLNA 11910171 Digital Living Network Alliance #siazliudalulnowuuitile
fwifle  "Wusiimaiotieszuuidneaneluiinends’  Tasegldaldiugunsaiassosd
\w3aemLng DLNA Anegiasyyianunsaldoumaluladle

wAlulad DLNA 1 (Anuiiled 2003 radelnere SONY fhes Haquuiliiandn 245 51
FUVILUTUSF MaNELUTUS WU ACCESS, AT&T Labs, Awox, Broadcom, Cisco Systems,
Comcast, DIRECTV, Dolby Laboratories, Ericsson, Hewlett-Packard, Huawei, Intel, LG
Electronics, Microsoft, Motorola, Nokia, Panasonic, Promise Technology, Qualcomm,
Samsung Electronics, Sharp Corporation, Sony Electronics, Technicolor, and Verizon.
wardnvanesne deiiadelniuasgunsaiBugy reufiumes Insdwvidede ndedianea
naefiale Tuaanatatieg Razdmelulasilfnmundenniy fefsuds Samsung 7il4de
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11 Alshare wa LG Ald8n¥efe Smart Share Fudumaluladifeafufummsgiunansdie
DLNA wiRzAuaguusus uwindeansadsieiula

Usslowdues DLNA dReanunsadenn ﬁﬁﬁiaﬁuﬁ%ﬁw%’mﬁﬂwLaualéﬁwaqmuma Wi-Fi
Iiae Lisfesstoanewin VGA finfiuneu vieany Analog iWenfuduaiesduliiune uasvh
Tangeds wiwawdnilsinisaine home network ilddenne vanegaufthanyiudu media
center Ingldneniiumaidanin 3ile vidoguislduuasiilvgq srumis DLNA i usdustey
1ildmalulaB DLNA smart TV wae flofle v3egunsaliifiosnisasdeniw deialeduid uuuls
aneil azdeasasiumelulad DLNA ety TneTadanmetnsien Aegiindesiediaiasi
fidydnual DLNA v3alad uay %1 smart TV wasilefie wia Tablet w30 AoumeTiug
wdoadouseaglung Wi Refufuiiine

gunsaliseeiu DLNA Haedlnin Aa Tnuadwiuldu Server T gunsaiusuqiaulndanng

i1 AudnlvueRsiargunsaiiifieegidulwdaniaissduy - Aeduddy weiduduritues
a4 wode &4y & wr o el o 1 Sl 1 sl o o

uwoudndunandaissda ansnsallummunatligunsaldnddulidiioguuaunsaidudni

Fawhiiaew  wuigunsaldulvgeidmesduldiadulnduasduesivg  wu TV

aunsadeninantsann Network Storage wiaula luspisiaediu TV wafiaunsaussling
do Yy, v a Iy A4 AN A (Y] v o oar

s1en13neaLa(a18) T Notebook uieilediaionluiausalaiufiv
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n1seaniuuaskazaunsalinldluleas

lun1seenuuuiews Digital To Analog Converter Hiu azfin1svitaruvaivaiu
Usnauiu uandlusui 3.1

SIGNAL FLOW
l Music Player ‘ > Wifi/Modem |
‘v’ ARANIA" " B 7~ .‘
XMOS | Rasberry Pi l
JJ - (Volumio) |
12§ A NiaRBE -
1 =B ~Y.~ 72080
Relay PCM 125
PCM { i
DAC :————-—-——~: Speaker
)
" Arduino | 1€
“GQUND

5U# 3.1 Signal Flow N394 119842993
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3.1 n1seenuuuIsuazaUnsaildludiuves Digital to Analog Converter
3.1.1 n153udrysyau Digital 970 Raspberry Pi

14 Chip DSD1794 wesu3®W Burr-Brown Tae DSD1794 3 Features 1aedusisdl
- 589%U PCM Data Format,I%S uag Left-Justified
- FeamsliAeaeas 3.3 V waz 5 V wiearldlWidesan Raspberry Pi

UDAC Cc3 c4
DSDL  VCCIL 22 —I"_“’F T“’“F
DSDR  AGND3L (—= . 4
M =
+ == s =
> PDATA  AGND2 >.~.;— . b1 g;lD
> PBCK Vel 152 . ;
SCK - ~VCOML oss Cﬁ!ﬂ__h
DGND ~_VCOMR {5t . L= =
= Lla Lo B NN T &
GND T 10uF _p 1uF Rl 5 q_g
U L3y 8 17 —
r““"‘ SDA AGND3R == =
I3V RST VCCIR o 5 __L@VD
sV EluF GND
DSD1794 Icg
10UF
GRD
UM 3.2 1933n155Udtyayrnd Disital 990 Raspberry Pi lngld DSD1794
WANNISNNU

Sudiyaas 125 971 Rasberry Pi 19171 Pind(LRCK) ;5(DATA) ,6(BCK) 483 DSD1794
-Pin7(SCK) SudnygyrauClock a1 PLI707

“Sudityyes 12€ 970 Rasberry Pi il Pin12(SCL) wae Pin13(SDA) diel4lunnssaen
A19YIN1UTDe DSD1794
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3.1.2 PCB Design

- olololololee0le 88 £ 6O
1q

UDAC

CO00000000000 0

O
O
O
O
o
O
O
O
O
| O
O
@)
O
O

)= )

5UTl 3.3 3U PCB 1993 DAC

g
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3.2 mseanuuuashazaunsalnldludiuves AINTDILUULDATIN
(Active Filter)
3241 N1398NIUY Active Filter

Wuluuduaud (Fourth Order) ﬁ?ﬁﬁ’lﬁﬂ‘iax‘]mwaq\i (Low Pass Filter) lagld
OPA1652 § Features LiUpafiusatl

- Low Noise: 4.5 nV/vHz at 1 kHz

- Low Distortion: 0.00005% at 1 kHz
- Wide Gain Bandwidth: 18 MHz

- Slew Rate: 10 V/Ms

I/V Section

nNzuaAIANAYed DSD1794 luwsazuetsing (IOUTL + IOUTL-, IOUTR + IOUTR-)
70 7.8 MA, 71 0 dB (full scale) LSRR IANA YBedIN I/V Converter (Vi) Semnswedl

Vi=78mA(p —p) X Rf (3.1)
(R¢ : feedback resistance 984 1/V Converter)

Operational Amplifier wa$ OPA1652 \Jufliugihdmsuins IV ilelild
UsgdnSnm Dynamic performance mufissyly wu bandwidth, settling time, and slew
rate §1 OPAL1652 WMIVHaTRTLINAILTB935 IV

RIAR
810"

LR7R
2330

RIDR RIDR RSDR
(i Gl 58" U3A
OPA2650U
1DR CIDR RIOR
18000pF 47000pF T
RIDR ﬁ:-pR ~VRGDR 100
110 ’ 230" v 68
R6R
330 =—cR
| 10000pF
GND GND

PA2650)

3vo I—&I_

GND

31.]171' 3.4 2395 Active Filter WUUSUFUA (Fourth Order)
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3.2.2 PCB Design

(G)EEEE)

sl

o
Q
Ta]
m
\D
0
N
4]
(]
o
1+

CAIC7REé
E E .E
J1923482

e
eC—le
[cj
ﬁm@mt_
D

z

(& IS v
 I— R

2
\O
o
el
\0
x o

§U# 3.5 5U PCB 1933 Active Filter

143932
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3.3 AMseRnNUUlNIsHazaunsalldludiuuas Power Supply

3.3.1 MssanuuuresuazaUnsaililudiumnfauunneiviadBeslndwed
dureanissauuames senwuulagld Chip BQ2057 ¥imihitnnsauunimeduiing o
TnALes Ua3USH Texas Instruments 1 Features 10pedusat
“gfauuuILadiAEa Single (4.1 V or 4.2 V) wazLgade Dual-Cell (8.2 V or 8.4 )
-@@Lﬁawé’muﬁw 0.3 Watt
ilsrduresnis3uniaselusi® (Automatic Battery-Recharge)

Micro USB USB IN
sHLD L a¥ ﬁ:[‘” {PACK= )
; ACK:
Bel B2 KSB772 < _J_
2 0.2K : SB772
GND s
Lo ] 500 o e
. Lll,: - — {PACK:
; > USBIN —
Spins » Dl GND
GREEN It RS
R ; g
— SNS COMP A
GND USB IN

31l

2
2 vee e =
R4
= STAT BAT |2 ®
[ & b 21 vss s =
0.1u Q.Rm | BQ2057
GND

o i RS LRTCN
GND. | BRT - 3Ré K {500
1K
#® = =
b Al GND.  GND
GND GND

U7 3.6 gﬂ'm]iﬁnﬁml,umma%" Ingly BQ2057
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3.3.2 mssanuuunesuazgunsalinldludiuiuusiu (Boot Converter Circuit)

1 q' s Aq =3 1::1:{ o/ o s
drunIN LS fuINLUALMBI AR sL InAwesNTseau 3.7 V nidunseiuauie 5 v
panuuulnely LM2700 ¥89U3E Texas Instruments 31 Features 1Uasdugiadl

- Input Voltage Range of 2.2V fis 12V
- 600kHz/1.25MHz §as1nsaing @enl@fian FSLCT
- Output gega 17.5V

ON'OFF SWITCH
St T n?

SR PUSB USBA
< _PACK= [ VY : ; =
2
2.2uH —k IN4007 - : § E’I}US
pin-ush 2 e
= GND
B 12 = USBd female
" LM2700 GND
12 1w G55 : 13
%) ] Vin Z FSLCT -
=7 i OutXMOS
—11-Po Battery =\ [ i
T= & =] ==t 3
& 8&e , B =
. 4 pin dac
SHDN. > < R FB o _L .
A = | P &z R9 Co GND
e y = Ik uF PBLUE
3 —
A = GND 5
100K GND pin bluetooth
—= 4 001
N T = Qutput bluetooth
> F GND
5 i
_PACK- oL OutDAC
(= TuDAC i
GND 2
= Oulput dac
GND
=  Output dac
GND

U 3.7 suhsasyadrounetines Tagld LM2700



3.3.3 PCB Design

5 “®
0[::1053 B .
o™
0COoO0 |xol 1o
o — e v
%) L
e _1ow
1%

o000 i

131
P )
Q

(o <]
Zo{_ 1o

OutD&BAtDAC
Do oo @po

IS

SOWX3INo

anagino

U7 3.8 U PCB 1333 Power Supply

20
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3.4 mseenuuulesuazgunsalitldludiuvas Regulator

3.4.1 d2uva3 Regulator Mwmiifiadeussdulvau 5 Vv Wiuaeas
sonuuulagld LM2660 vaau3sw Texas Instruments & Features ({osdudadl
- wasefinussiudu 2 wihwes Input 990 Supply Voltage
- AuATUYNUY Output 6.5 ey

3.4.2 d7uvas Regulator fwtnfinuusssulald 3.3 v
panuuulagld LM1117989U5490 Texas Instruments 31 Features Lﬁadﬁuﬁﬁﬁ
- sesfuussdull 1.8V, 2.5V, 3.3V, 5V, uasuwuvanunsausuaile
- N3zud Output 800mA

5
Li—
7l sy U 13V =

e E Outll-5v -5V
GND 2 —-]
‘ -4 i

GND

"

cl :
l 10aF OuF GND
=3 GND :
GiD GND
Ould iy 33V
1
D
P 5V UJNVERT v
S 1 3
e o lin
. =
= £ s e Outll3 3¢ 3.3V
GND f}uﬂp’; 3eND Ly 7
W Al 1
=4 3 5 o
[ i, S 14 Tﬁj e
LA2660 omy’ 3v GND
Iwop.r
= OutCLE
GND >
2 | -~
e
YD

JU# 3.9 sUrsyadnounesines lngld LM2660 way LM1117
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3.4.3 PCB Design

P,

000 ()"

O
o]
o)
o]

LA3ANNI-N

v
)

c21

Q,

o

(o]
()

e

AEEITIN0

o]

AG-11N0
o
AG-113N0
AEETINO

gﬂﬁ 3.10 U PCB 2995yaAnaulInsines taeld LM2660 uay LM1117



3.5  nseenuuudssuazgunsalitléludauves Relay
3.5.2 Schematics Design

dhuwes Relay il switch 58319 PCM Mode wag DSD Mode Tnugunsall4ifu
Relay Signal 2 Channel ¥3U3¥" TAKAMISAWA JAPAN

sV sV
CL 4 2% 2
{PLRCK R CIRCK > {PBOR. S — : o _PDATA =
& Relayl ; =4 ala o
’ [ \E—‘(_ ; AN Relzy2 = Relay3
A N &> INp
Diode IN4! g Diode |™NAGHH Diode 13400
Z E
E.S\R] 3..‘\‘R]
I K Q1 3.3V 2 Q3
2 9
Resl NPN LR;W—K S%N Resl NPN
1K Resl 1K
1K
GND = GND
Tnput PCM DSD GND
y = . g e P4 3.3V PS 3V
4 ; Hi(l\ 2 + s ")\1 Ay 4 < U";DL\ . ST% _J-
38— BeK o 3——"SPBEKI 5 3 L DBELK 2 2
2 — DATA S 2 PLROK % 2 ODSDLCE > 1 1 1 5
] —j_ : ___l__ ! Header2H — Header 2H =
Header4H = Header 44 = Header4H = GND GND
GND GND GND

§UM 3.11 3U2935 Relay

3.5.2 PCB Design

5UT 3.12 5U PCB 2495 Relay
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3.6  Arduino (UNO)

ludveIn1s Enable DSD Mode 14 Arduino (UNO) lumisdeansiievnnis
configuration i Register 20 Junisdeansuuu 12C sewine Arduino (UNO) fu Chip DAC
Tneil code \Wosdusad

Wire.beginTransmission(B1001100); -> Address DSD1794A (7-bit)
Wire.write(B00010100); -> 92y register 20 write mode (8-bit)
Wire.write(B00100000); -> Enable DSD Mode

write_return_value = Wire.endTransmission(); ->AuAndutitensiaseuaauy
Wire.beginTransmission(B1001100); -> Address DSD1794A (7-bit)
Wire.write(B10010100); -> 92y register 20 read mode (8-bit)
Wire.endTransmission(false); Bunsyalaeiasulsiiu write mode
Wire.requestFrom(B1001100,1); -> 3¢y Address DSD1794A ﬁﬂﬂ%{ﬂ (7-bit)
register20 value = Wire.endTransmission(); —>ﬁuﬂ"lﬂé’mﬁam‘i’3ﬁlaauaa’mz

815 B14 B13 B12 BHM B10 BY B8 B BS B5 B4 B3 B2 B1 B0
Register20 [RW | o | 0 | 1+ | o [ 1 [ o [ o [rsv[srsr]osp [oris[mono]crst ] ost [oso |

5T 3.13 5U Register 20
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3.7 Volumio (szuuufjnnsuu Raspberry Pi)
TUsunsu Volumio Wussuuufjiinisves Rasberry Pi lnsagdasiinsasalunisas
sUluUdy @l 125 wWieidlunnsdeansiusening Rasberry Pi way DAC Tnofiduneusai

1.nAA91 Menu LWaLaen System

Mescellaneous

PR

Sound quality tweaks

P Playnac

g‘dﬁ 3.14 ‘g‘lJI‘LI‘iLLﬂ'iiJ Volumio

2ludves 125 driver Whdenifiu Hifiberry 71 125 DAC

12S driver

Activate i2s driver for Raspberry Pl compatible i25 DACS
. IZS_DAC. ‘ Hlﬁberry ) 3
; 'Ndng‘-
' Hifiberfy
' Hifibarry + 4
‘Miscellaneous @ ) o HitbereBig b oty
Y HifiberryAmp /[ 1
. Various & useful system settir 1QéudlbbAC' i
Stai_l‘tuDSound 1Qaud-IQDJ'°-C'i Plus " AN
_ RPI-DAC
Library view :

.Generic

=

U# 3.15 guldsunsu Volumio

ol
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d = o 1
3.189n# Menu udLden Playback WaanAA1IN Playback

MPD Configuration

Cancel SAVE CHANGES

General music daemon options

s 0 phivtunch:

3Ui 3.16 3UlUsuATY Volumio

U

4ludruwes Audio Output Tiideniu sndrpihifiberry

Audio Output
Here you can select your desired output option. Default is onboard DAC if any. At the moment, Volumio supparts only ane Output at the time

AudioOutput - ' spamihitiberry

- 4" sndrpihifiberry.
Volume control mixe #x

These are the global volume ¢, ', P 2 Mixeris enabled. However if you cannot set the Volume, switching to Software
indecreased quality. :

3UT 3.17 gulusunsu Volumio
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NAYINITALUIY

4.1 N13H3UALNAFIUI935 Digital to Analog Convertor

www.etleom.com

S : e R
. ET-PCB SOC8 % E o B8 Bad13

-
-
-

£

Fal

JUT 4.1 MIasgunsadsingg

U
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4.2 n1sq3udan

IwdFesitlvinaaey 24 Bit , 44.1kHz , File .mp3

0S0-X 20024, MY52166574: Fri Oct 30 17:55:34 2015
2.00 . 5.000%/

~ Hormal
1.006Sals

:__E_hannals ]
1.00:1|
10.0:1

i Measifements -
| Freg(1):
44.101kHz

Clear Measurements Menu
Clear leas 1 Clear Meas2 Llear Mgasi3
Freg(1) AmpliT) DCRMS = FS(T)

U 4.2 Udeyanaiivy LRCK Indidssitlivaziou 24 Bit , 44.1kHz , File mp3

DS0-X 20024, MY52166574; Fri Oct 30 17:56:57 2015

20022 500.0%/ Auto 100%
| =% Agilent |
Acquisit

Mormal
2 006Sals

i‘ i P i i (12 Channels: &

1P | =t
|y 3##?@5?%7 qﬁw WM@M‘; b ﬁi " ‘f.“i-w"fm L

|
I
| |
]

Saueto file = zn ope 3 |
Save " Recall . Default/Erase Pressto
~- ~p- Save
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DS0-X 20024, MY52166574; Fri Oct 30 18:00:21 2015
1 200y 2

TPrEsS to! |
Save

DS0-X 20024, MY52166574: Fri Oct 30 168:01:20 2015
T 1.00f 32

Rmpll1. ;

2

OC AMIS - FS(1);

e R
Save




Inddesilineaey 24Bit , 192 kHz | File flac

DS0-X 20024, MYS2166574: FriOct 30 1803.05 2015
2.00v¢ 2 1.000s/ Auto 2 1954

Agnent

E _' __:*_*_0_99'_31999__ B
MNormal
7 006Sals

 Channels &

Measurements

Fraq[l]
191 .96kHz

Ampl(1);

DCRMS-FS(1);

Savetofile =[scope 7 =
Save A7 EReeallTE S SioDefailtiErase T Prassto
- ~- ~i5- Save

U 4.6 sUAnynuiion LRCK 24Bit, 192 kHz , File flac

D30-X 20024, MY52166574: Fri Oct 30 18:10:17 2015
I 2.0022 500,028/ Stop

2.00GSa/s

0 Channels 4
1.00:1]
10.0:1

& Measurements |
Freg(1): |

6. 150Hz |

' ! { Ampl(1):
'l ' 5.7V
{ OC AMS - FS[1):

San /e to file =[scope_ S
" Save T Recall T T DefaultiErase R R e
> : B, Save

=l

3U 4.7 sUdyayas DATA 24Bit , 192 kHz, File flac
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DS0-X 20024, MY52166574: Fri Oct 30 18:11:42 2015
e e e ) 5 S e G () 1.95Y

Agilent

T Recdll 4T T Dtadlt/Erase Press to
~- - Saye

3UT 4.8 sUdymnal BCK 24Bit , 192 kHz , File flac

u

DS0-X 20024, MY52166574: Fri Oct 30.18:12.03 2015

1 200¥f 2 2.0022 a0.00s/

Save to file

Sav




IW&FusTilsimagaeu 24Bit | 96 kHz |, File flac

DS0-X 20024, MY52166574: FriOct 30 18:24:13 2015
200V 2 £1 1.66Y

i z% Agilent
[ Requisition ¥

Mormal
1.00GSals

i Channels

96.03kHz

Fal

DC RS - FS(1);

2.926Y

Autoscale Menu
Unde? 77 | 7= Fastilebta’ o0 & Cifannels s Hey Mode
Autoscale & Al ~ Normal

4.10 U foyayieuiinn LRCK Inldidesiilsmadey 2aBit | 96 kHz , File flac

DS0-X 20024, MY52166574: FriOct 30 18:25:44 2015

1 2.00% 2 0.0s 1 1.56V

5 Agilent
- Acquisition
Mormal

2.006Sals

{1z " Chiennels i
oe . 1.00
1] 10.0:1]

(1 A L5 Meastireriznts |
M| Freq(1): |
Ml 1.229MHz

il Ampl(1): |
3.3V |

DC AMS - FS[1):

2.79Y |

|
J

Autoscale Menu
TRt T URAStDEbig T A Channels T TReE Measa
U Autoscale I “Al Normal

q1au DATA Indidesilviagou 24Bit , 96 kHz , File flac
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DS0-X 20028, MY52166574: Fri Oct 30 18:28:18 2015
W2

2 00s 200.0&

Fest Debiigh ™0 R ChafneRs Vhey Mode:
{70 Al Mormal

DS0-X 20024, MY52166574: Fri Oct 30 18,1203 2015

2.00v/¢

50.00%/ Auto

DOC RMS -
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4.3. Audio Performance

4.3.1. Frequency response

Frequency response

R Channel L Channel

10

100

Frequency (Hz)

Sampling Frequency 44.1kHz

#1974 4.1 Frequency Response

Left Right
0 dB 0dB

Form 5 Hz to 21 kHz
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4.3.1. Signal and Noise

A | '3 aa ' o = aa 2
nImuanwa Waldulwamwasiinealneniurssuasdyyudswiniineaidu
BUIaen

DS0-X 20024, MY52166574: Mon Apr 25 01:54:56 2018
1 ]

30008 20

Cursors Menu
FloHEET . S Sturalr oo 1
IManial iath

fgﬂﬁ 4.15 doygyrad Sienal 57 dB i Frequency = 1 kHz ,output 1.3 Vrms

DS0-X 20024, MY52166574: Mon Apr 26 0200.38 2016
1 2 3.000s 10.002/ Auto i 43.8%

Agilent |
e
Mormal
a00kSal's

enu
MBHESRRE STSeuRETEE R
fianual flath
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DS0-X 20024, MY52166574: Mon Apr 25 02:00.22 2016
|

i Souiree, i RYEECHEorS
lianual fath Y2

Eﬂ‘ﬁ 4.17 #ysy1ad Noise + Haronic 60 dB 7 Frequency = 1 kHz ,output 1.3 Vrms



NIMuanING Welnulndmasinealasliiiuisuladyaudsanfisneady
auaBn

DSO:X 20024, MY52165574: Mon Apr 25 01:27:14 2016
20005 2000  Auto 1 00

s4 Agilent |

Mormal
200kSafs

Channels © 7|

T Eiiteors. e

g N X _

ATy T T R T s +20.000000000kH:

'I i (& | AY[M) |
i

+70.000dB

Cursors Menu ;
MotET I ) TOselcE T O LR TRk EsE T 00 i
Manual Math Y1 . |X2: 20.000000000kH: |

gﬂﬁ 4.18 &gyeynau Signal 70 dB 7 Frequency = 1 kHz, 1.3 Vims

DSO-X 20024, WMY52166574: Mon Apr 25 01:2358 2016
-200.05 20.00%¢ Auto & 1 -50.0%

i Agilent

= loquisition | E
Mormal
280kSals

% 1. Channelss -
-|{DC
De

S Brsers il
AKX

+20.000000000kHz
AY[M):

+45.000dB

Cursors Menu
maodea s T “Soiifge T Curse i A lnigsT T X1 000H: [Y1:-112 50dBY
Marnual “"Math B o ~P- ‘){2: 20.000000000kHz |2 -67.500dBY

as

5UTl 4.19 dyayrau Noise 45 dB i Frequency = 1 kHz, 1.3 Vrms
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5.1 d@gunanisnaaay

Uyaiinusatuilldndniinmsesnuuy sruuBeiinealagldsaweineg Tng
vasanaweiimevinuwiuiswadnaadsainisneaduouaenililed  wed
PCM5102 WilaldulndLAesRneanminaszuy LAN uwas Uaseneas XMOS ¥eusanfuiees
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Code #4luns Enable un DSD nelu 3U DSD 1794

#include<Wire.h>
byte register20 value ;
byte write_return_value ;
byte read_return_value ;
byte register20 valueZ2 ;
byte write_return_value2 ;
byte read _return_value2 ;
int dsd=8;
int val;
int x=1;
void(*resetFunc)(void)=0;
void setup()
{
Wire.begin();
Serial.begin(9600);
pinMode(dsd,INPUT);
}
void loop()
{
if (digitalRead(dsd)==HIGH){
val=1;
x=0;
if tx==1}
resetFunc();}
}
else {
val=0;
if(x==0){
resetFunc();}
}
iftval==0}
Wire.beginTransmission(B1001100);
Wire.write(B00010100);
Wire.write(B0O0100000);
write_return_value = Wire.endTransmission();
Wire.beginTransmission(81001100);



Wire.write(B10010100);
Wire.endTransmission(false);
Wire.requestFrom(B1001100,1);
register20_value = Wire.endTransmission();
Serial.print(write_return_value);
Serial.print(":");
Serial.print(read_return_value);
Serial.print(":");
Serial.print(register20_value);
Serial.print(" ");

delay(1000);

}

iftval==1){
Wire beginTransmission(B1001100);
Wire.write(B00010100);
Wire.write(B00000000);
write_return_value2 = Wire.endTransmission();
Wire.beginTransmission(B1001100);
Wire.write(B10010100);
Wire.endTransmission(false);
Wire.requestFrom(B1001100,1);

register20_value2 = Wire.endTransmission();

Serial.print(write_return_value2);
Serial.print(":");
Serial.print(read_return_value2);
Serial.print(":");
Serial.print(register20_value2);
Serial.print(" ");

delay(1000);

}

43



Burr-Brown Products
i from Texas Instruments

DSD1794

SLES077B - MARCH 2003 - REVISED NOVEMBER 2006

24-BIT, 192-kHz SAMPLING, ADVANCED SEGMENT,
AUDIO STEREO DIGITAL-TO-ANALOG CONVERTER

FEATURES

® Supports Both DSD and PCM Formats
® 24-Bit Resolution

® Analog Performance:
— Dynamic Range:
- 132 dB (9 V RMS, Mono)
- 129 dB (4.5 V RMS, Stereo)
- 127 dB (2 V RMS, Stereo)
- THD+N: 0.0004%

® Differential Current Output: 7.8 mA p-p

® 38x Oversampling Digital Filter:
— Stop-Band Attenuation: —130 dB
— Pass-Band Ripple: +0.00001 dB

® Sampling Frequency: 10 kHz to 200 kHz

® System Clock: 128, 192, 256, 384, 512, or
768 fg With Autodetect

® Accepts 16-, 20-, and 24-Bit Audio Data
® PCM Data Formats: Standard, I2S, and
Left-Justified

® Optional Interface to External Digital Filter or
DSP Available

® |2C-Compatible Serial Port

® User-Programmable Mode Controls:
- Digital Attenuation: 0 dB to —120 dB,
0.5 dB/Step
- Digital De-Emphasis
- Digital Filter Rolloff: Sharp or Slow

@ Dual-Supply Operation:
= 5-V Analog, 3.3-V Digital

® 5.V Tolerant Digital Inputs
® Small 28-Lead SSOP Package

APPLICATIONS

A/V Receivers

SACD Player

DVD Players

HDTV Receivers

Car Audio Systems

Digital Multitrack Recorders

Other Applications Requiring 24-Bit Audio

DESCRIPTION

The DSD1794 is a monolithic CMOS integrated circuit that
includes stereo digital-to-analog converters and support
circuitry in a small 28-lead SSOP package. The data
converters use TI's advanced-segment DAC architecture
to achieve excellent dynamic performance and improved
tolerance to clock jitter. The DSD1794 provides balanced
current outputs, allowing the user to optimize analog
performance externally. The DSD1794 accepts the PCM
and DSD audio data formats, providing easy interfacing to
audio DSP and decoder chips. The DSD1794 also
interfaces with external digital filter devices (DF1704,
DF1706, PMD200). Sampling rates up to 200 kHz are
supported. A full set of user-programmable functions is

- Soft Mute accessible through an 12C-compatible serial port.
A This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with appropriate
“; 4 precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more susceptible to
damage because very small parametric changes could cause the device not to meet its published specifications.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas Instruments
[ﬁt\ semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Products
conform to specifications per the terms of Texas Instruments standard warranty.
Production processing does not necessarily include testing of all parameters.

Copyright @ 2006, Texas Instruments Incorporated
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ORDERING INFORMATION
OPERATION PACKAGE ORDERING TRANSPORT
PRODUCT |  PACKAGE | PACKAGE CODE | ypypERATURE RANGE | MARKING |  NUMBER MEDIA
DSD1794DB 28-lead SSOP 28DB —25°C to 85°C DSD1794 e L
DSD1794DBR Tape and reel
ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range unless otherwise noted(1)
DSD1794
Veel, Vee2l, Vee2R —0.3Vto6.5V
Supply voltage
VDD -03Vto4V
Supply voltage differences: Vg1, Veg2l, Vec2R ] 0.1V
Ground voltage differences: AGND1, AGND2, AGND3L, AGND3R, DGND 0.1V
PLRCK, PDATA, PBCK, SCK, RST, SCL, SDA(2), ADRO, ADR1, DSDL(2), DSDR(2),
—03VtoB5V
Digital input voltage | DBCK
DSDL(3), DSDR(3), SDA(3) —03Vto(Vpp+0.3V)<4V
Analog input voltage —-03Vto (Vg +03V)<B5V
Input current (any pins except supplies) +10 mA
Ambient temperature under bias —40°C to 125°C
Storage temperature —55°C to 150°C
Junction temperature 150°C
Lead temperature (soldering) 260°C,5s
Package temperature (IR reflow, peak) 250°C

(1) stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Input mode
(3) output mode

ELECTRICAL CHARACTERISTICS

all specifications at Tp = 25°C, Vg1 = Vg2l = Vog2R =5V, Vpp = 3.3. V, fg = 44.1 kHz, system clock = 256 fg, and 24-bit data, unless
otherwise noted

DSD1794DB
PARAMETER TEST CONDITIONS VIN TYP MAX UNIT

RESOLUTION 24 Bits
DATA FORMAT (PCM Mode)

Audio data interface format Standard, IZS, left justified

Audio data bit length 16-, 20-, 24-bit selectable

Audio data format MSB first, 2s complement
fg Sampling frequency 10 200 kHz

System clock frequency 128, 192, 256, 384, 512, 768 fg
DATA FORMAT (DSD Mode)

Audio data interface format DSD (direct stream digital)

Audio data bit length 1 bit
fg Sampling frequency 2.8224 MHz

System clock frequency 2.8224 11.2896 MHz
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ELECTRICAL CHARACTERISTICS (Continued)
all specifications at Tp = 25°C, Vg1 = Vo2l =Veg2R =5V, Vpp = 3.3. V, fg = 44.1 kHz, system clock = 256 fg, and 24-bit data, unless

otherwise noted

DSD1794DB
PARAMETER TEST CONDITIONS MIN Py MAX UNIT
DIGITAL INPUT/OUTPUT
Logic family TTL compatible
ViH Input logic level 5 vDC
ViL 0.8
::E Input logic current z:: ; Z?/D _1100 pA
VoH OQutput logic level oBEEms et vDC
VoL loL=2mA 0.4
DYNAMIC PERFORMANCE (PCM MODE, 2-V RMS OUTPUT) (1)(2)
fg =44.1 kHz 0.0004% 0.0008%
THD+N at VoyT =0dB fg =96 kHz 0.0008%
fg =192 kHz 0.0015%
ElAJ, A-weighted, fg = 44.1 kHz 123 127
Dynamic range EIAJ, A-weighted, fg = 96 kHz 127 dB
EIAJ, A-weighted, fg = 192 kHz 127
{ EIAJ, A-weighted, fg = 44.1 kHz 123 127
Signal-to-noise ratio EIAJ, A-weighted, fg = 96 kHz 127 dB
EIAJ, A-weighted, fg = 192 kHz 127
fg=44.1 kHz 120 123
Channel separation fg =96 kHz 122 dB
fg =192 kHz 120
Level linearity error VouT =-120dB +1 dB
DYNAMIC PERFORMANCE (PCM Mode, 4.5-V RMS Output) (1)(3)
fg=44.1kHz 0.0004%
THD+N at VoyT =0dB fg =96 kHz 0.0008%
fg =192 kHz 0.0015%
EIAJ, A-weighted, fg = 44.1 kHz 129
Dynamic range EIAJ, A-weighted, fg = 96 kHz 129 dB
ElAJ, A-weighted, fg = 192 kHz 129
EIAJ, A-weighted, fg = 44.1 kHz 129
Signal-to-noise ratio EIAJ, A-weighted, fg = 96 kHz 129 dB
EIAJ, A-weighted, fg = 192 kHz 129
fg=44.1 kHz 124
Channel separation fg = 96 kHz 123 dB
fg =192 kHz 121

(1) Filter condition:
THD+N: 20-Hz HPF, 20-kHz apogee LPF

Dynamic range: 20-Hz HPF, 20-kHz AES17 LPF, A-weighted
Signal-to-noise ratio: 20-Hz HPF, 20-kHz AES17 LPF, A-weighted

Channel separation: 20-Hz HPF, 20-kHz AES17 LPF

Analog performance specifications are measured using the System Two™ Cascade audio measurement system by Audio Precision™ in the

averaging mode.

2) Dynamic performance and dc accuracy are specified at the output of the postamplifier as shown in Figure 33.
(3) Dynamic performance and dc accuracy are specified at the output of the postamplifier as shown in Figure 34.

Audio Precision and System Two are trademarks of Audio Precision, Inc.
Other trademarks are the property of their respective owners.
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ELECTRICAL CHARACTERISTICS (Continued)
all specifications at Tp = 25°C, Vg1 = Voc2Ll = V2R =5V, Vpp = 3.3. V, fg = 44.1 kHz, system clock = 256 fg, and 24-bit data, unless

otherwise noted

DSD1794DB
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DYNAMIC PERFORMANCE (MONO MODE) (1)(2)
fg = 44.1 kHz 0.0004%
THD+N at VT =0 dB fg = 96 kHz 0.0008%
fg =192 kHz 0.0015%
EIAJ, A-weighted, fg = 44.1 kHz 132
Dynamic range EIAJ, A-weighted, fg = 96 kHz 132 dB
EIAJ, A-weighted, fg = 192 kHz 132
EIAJ, A-weighted, fg = 44.1 kHz 132
Signal-to-noise ratio EIAJ, A-weighted, fg = 96 kHz 132 dB
EIAJ, A-weighted, fg = 192 kHz 132
DSD MODE DYNAMIC PERFORMANCE (1) (3) (44.1 kHz, 64 fg)
THD+N at FS 45V rms 0.0005%
Dynamic range =60 dB, EIAJ, A-weighted 128 dB
Signal-to-noise ratio EIAJ, A-weighted 128 dB
ANALOG OUTPUT
Gain error -6 +2 6 % of FSR
Gain mismatch, channel-to-channel -3 +0.5 3 % of FSR
Bipolar zero error At BPZ -2 +0.5 2 % of FSR
Qutput current Full scale (0 dB) 7.8 mA p-p
Center current AtBPZ 6.2 mA
DIGITAL FILTER PERFORMANCE
De-emphasis error +0.004 dB
FILTER CHARACTERISTICS-1: SHARP ROLLOFF
Basabidnd +0.00001 dB 0.454 fg
-3dB 0.49 fg
Stop band 0.546 fg
Pass-band ripple +0.00001 dB
Stop-band attenuation Stop band = 0.546 fg -130 dB
Delay time 55/fg s
FILTER CHARACTERISTICS-2: SLOW ROLLOFF
I +0.04 dB 0.254 fg
—-3:dB 0.46 fg
Stop band 0.732 fg
Pass-band ripple +0.001 dB
Stop-band attenuation Stop band = 0.732 fg —100 dB
Delay time 18/fg s

(1) Filter condition:
THD+N: 20-Hz HPF, 20-kHz apogee LPF

Dynamic range: 20-Hz HPF, 20-kHz AES17 LPF, A-weighted
Signal-to-noise ratio: 20-Hz HPF, 20-kHz AES17 LPF, A-weighted

Channel separation: 20-Hz HPF, 20-kHz AES17 LPF

Analog performance specifications are measured using the System Two Cascade audio measurement system by Audio Precision in the averaging

mode.

(2) Dynamic performance and dc accuracy are specified at the output of the postamplifier as shown in Figure 34.
(3) Dynamic performance and dc accuracy are specified at the output of the postamplifier as shown in Figure 35.




“‘? TEXAS

INSTRUMENTS

www.ti.com

DSD1794

SLES077B - MARCH 2003 - REVISED NOVEMBER 2006

ELECTRICAL CHARACTERISTICS (Continued)
all specifications at Tp = 25°C, Vo1 =Vec2l =Veoc2R =5V, Vpp = 3.3. V fg = 44.1 kHz, system clock = 256 fg, and 24-bit data, unless

otherwise noted

DSD1794DB
PARAMETER TEST CONDITIONS MIN P MAX UNIT
POWER SUPPLY REQUIREMENTS
VDD 3 3.3 36 VDC
Vee!
Vieeal | [olage range 475 5 525 | vDC
Vce2R
fg = 44.1 kHz 12 15
IDD fg = 96 kHz 23 mA
fg =192 kHz 45
Supply current (1) fo = 441 kHz e pr:
Icc fg =96 kHz 35 mA
fg =192 kHz 37
fg = 44.1 kHz 205 250
Power dissipation (1) fg =96 kHz 250 mw
fg = 192 kHz 335
TEMPERATURE RANGE
Operation temperature —25 85 °C
BJA Thermal resistance 28-pin SSOP 100 °C/W
(1) Input is BPZ data.
PIN ASSIGNMENTS
DSD1794
(TOP VIEW)
DSDL [CIT1 28 'T1 Vg2l
DSDR [ 2 27 T3 AGND3L
DBCK I3 26 1] IOUTL_
PLRCK 1} 4 25 ' T lgytlk+
PDATA I} 5 24 T AGND2
PBCK 16 23 [ 11 Vet
SCK 17 22 I'T1 Veomt
DGND 1748 21 '3 VeouR
Vpp 9 20 'T1 Iger
ADRO 1T} 10 19 [CT1 AGND1
ADR1 [T 11 18 T lgyTtR-
SCL 112 17 11 ]OUTR+
SDA [T ]13 16 [T 1 AGND3R
RST 114 15 [T V2R
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Terminal Functions
TERMINAL
NAME PIN o DESCRIPTIONS
ADRO 10 | 12C address 0 (1)
ADR1 11 | 12C address 1 (1)
AGND1 19 - Analog ground (internal bias)
AGND2 24 - Analog ground (internal bias)
AGND3L 27 - Analog ground (L-channel DACFF)
AGND3R 16 - Analog ground (R-channel DACFF)
DBCK 3 Bit clock input for DSD modes (1)
DGND 8 - Digital ground
DSDL 1 I{e] L-channel audio data input when in DSD and external DF modes
PCM-mode zero flag for L-channel when in zero-flag output mode (2)
DSDR 2 I/0O | R-channel audio data input when in DSD and external DF modes (2)
PCM-mode zero flag for R-channel when in zero-flag output mode
loyTL+ 25 o} L-channel analog current output +
louTL— 26 o] L-channel analog current output —
louTR* 17 @] R-channel analog current output +
louTR- 18 0o R-channel analog current output —
IREF 20 = Output current reference bias pin
PBCK 6 I Bit clock input. Connected to GND in DSD mode (1)
PDATA 5 | Serial audio data input for PCM-format operation (1)
PLRCK 4 I Left and right clock (fg) input for PCM-format operation. WDCK clock input for external DF mode.
Connected to GND for DSD mode (1)
RST 14 | Reset (1)
SCL 12 [ 12C clock (1)
SCK 7 I System clock input (1)
SDA 13 If0 | 12C data (3)
Vet 23 - Analog power supply, 5 V
Vee2l 28 - Analog power supply (L-channel DACFF), 5V
Vce2R 15 - Analog power supply (R-channel DACFF), 5V
Vcoml 22 = L-channel internal bias decoupling pin
VcomR 21 - R-channel internal bias decoupling pin
VDD 9 - Digital power supply, 3.3 V

(1) schmitt-trigger input, 5-V tolerant
(2) schmitt-trigger input and output. 5-V tolerant input, and CMOS output
(3) Schmitt-trigger 5-V tolerant input and open-drain/3-state output
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FUNCTIONAL BLOCK DIAGRAM
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I [ |
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MODE CONTROL REGISTERS

User-Programmable Mode Controls

The DSD1794 includes a number of user-programmable functions which are accessed via mode control registers.
The registers are programmed using the serial control interface, discussed in the SERIAL CONTROL INTERFACE
(12C) section of this data sheet. Table 2 lists the available mode-control functions, along with their default reset
conditions and associated register index.

Table 2. User-Programmable Function Controls

DF
FUNCTION DEFAULT REGISTER BIT PCM | DSD BYPASS

Digital attenuation control 0dB Register 16 | ATL[7:0] (for L-ch) yes
0 dB to —120 dB and mute, 0.5 dB step Register 17 | ATR[7:0] (for R-ch)

Attenuation load control—Disabled, enabled Attenuation disabled Register 18 | ATLD yes

Input audio data format selection 24-bit 128 format Register 18 | FMT[2:0] yes yes
16-, 20-, 24-bit standard (right-justified) format
24-bit MSB-first left-justified format
16-/24-bit 12S format

Sampling rate selection for de-emphasis De-emphasis disabled Register 18 | DMF[1:0] yes |yes(1)
Disabled, 44.1 kHz, 48 kHz, 32 kHz

De-emphasis control—Disabled, enabled De-emphasis disabled Register 18 | DME yes

Soft mute control—Mute disabled, enabled Mute disabled | Register 18 | MUTE yes

Output phase reversal—Normal, reverse Normal Register 19 | REV yes yes yes

Attenuation speed selection x1fg Register 19 | ATS[1:0] yes
x11g, x(1/2)fg, x(1/4)fg, >(1/8)fg

DAC operation control—Enabled, disabled DAC operation enabled | Register 19 | OPE yes yes yes

Zero flag pin operation control DSD data input Register 19 | ZOE yes yes
DSD data input, zero flag output

Stereo DF bypass mode select Monaural Register 19 | DFMS yes
Monaural, stereo

Digital filter rolloff selection Sharp rolloff Register 19 | FLT yes
Sharp rolloff, slow rolloff

Infinite zero mute control Disabled Register 19 | INZD yes yes
Disabled, enabled

System reset control Normal operation Register 20 | SRST yes yes yes
Reset operation , normal operation

DSD interface mode control Disabled Register 20 | DSD yes
DSD enabled, disabled

Digital-filter bypass control DF enabled Register 20 | DFTH yes
DF enabled, DF bypass

Monaural mode selection Stereo Register20 | MONO yes yes yes
Stereo, monaural

Channel selection for monaural mode data L-channel Register 20 | CHSL yes yes yes
L-channel, R-channel

Delta-sigma oversampling rate selection x64 fg Register 20 | 0S[1:0] yes |yes(2)| yes
x64 fg, x128 fg, x32 fg

PCM zero output enable Enabled Register21 [ PCMZ yes yes

DSD zero output enable Disabled Register 21 [ DZ[1:0] yes

Function available only for read

Zero detection flag Not zero = 0 Register 22 | ZFGL (for L-ch) yes yes yes
Not zero, zero detected Zero detected = 1 ZFGR (for R-ch)

(1) When in DSD mode, DMF[1:0] is defined as DSD filter (analog FIR) performance selection.
(2) when in DSD mode, OS[1:0] is defined as DSD filter (analog FIR) operation rate selection.

23
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Register Map

The mode control register map is shown in Table 3. Registers 16-21 include an RAW bit, which determines whether
a register read (R/W = 1) or write (R/W = 0) operation is performed. Register 22 is read-only.

Table 3. Mode Control Register Map

B15 | B14 | B13 | B12 | B11 | B10 | B9 | B8 B7 B6 B5 B4 B3 B2 B1 BO
Register 16 | RIW ATL7 | ATL6 | ATL5 | ATL4 | ATL3 | ATL2 | ATL1 | ATLO
Register 17 | R/W ATR7 | ATR6 | ATR5 | ATR4 | ATR3 | ATR2 | ATR1 | ATRO
Register 18 | RIW ATLD | FMT2 | FMT1 | FMTO | DMF1 | DMFO | DME | MUTE
Register 19 | RIW REV | ATS1 | ATSO | OPE | ZOE | DFMS | FLT | INZD
Register 20 | RIW RSV | SRST | DSD | DFTH | MONO | CHSL | OS1 0s0
Register 21 | R/W RSV | RSV | RSV | RSV | RSV DZA1 DZ0 | PCMZ
Register 22 R RSV | RSV | RSV | RSV | RSV RSV | ZFGR | ZFGL

o|lo|lo|lo|o|lo|o
olo|lo|loleo|o|o
Y EE Y Y=Y = =Y
olo|lo|oc|o|o|o
—w|lala|lo|lo|lo|o
= | O|O|=|=x]|O|OC
o|la|of=|o|=]e

Register Definitions
Bi5 B14 B13 B12 B B10 B9 B8 B7 B6 B5S B4 B3 B2 B1 B0
Register16 [RW | 0 | o | 4 [ o [ o [ o [ o [aTL7[ATL6 [ATLS [ ATL4 [ ATLS [ ATL2 | ATLT | ATLO |

Register 17 [RW | 0 | o [ 1 | o | o [ o [ 1 [ATR7|ATR6 [ATRs [ATR4 [ATR3 [ ATR2 [ ATR1 [ATRO |

R/W: Read/Write Mode Select

When R/W = 0, a write operation is performed.
When R/W = 1, a read operation is performed.
Default value: 0

ATx[7:0]: Digital Attenuation Level Setting
These bits are available for read and write.
Default value: 1111 1111b

Each DAC output has a digital attenuator associated with it. The attenuator can be set from 0 dB to —120 dB, in 0.5-dB
steps. Alternatively, the attenuator can be set to infinite attenuation (or mute).

The attenuation data for each channel can be set individually. However, the data load control (the ATLD bit of control
register 18) is common to both attenuators. ATLD must be set to 1 in order to change an attenuator setting. The
attenuation level can be set using the following formula:

Attenuation level (dB) = 0.5 dB o (ATX[7:0]pgc — 255)
where ATX[7:0]pgc = 0 through 255

For ATx[7:0lpec = 0 through 14, the attenuator is set to infinite attenuation. Table 4 shows attenuation levels for
various settings.

Table 4. Digital Attenuation Levels

ATx[7:0] Decimal Value  Attenuation Level Setting
1111 1111b 255 0 dB, no attenuation (default)
1111 1110b 254 -0.5dB
1111 1101b 253 -1.0dB
0001 0000b 16 -119.5 dB
0000 1111b 15 —120.0 dB
0000 1110b 14 Mute
0000 0000b 0 Mute
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BI5 B14 B13 B12 BM B0 B9 B3 B7 B6 B5 B4 B3 B2 B1 B0
Register 18 [RW | 0 [ 0 [ 1 J o J o [ 1 [ o [ATLD]FMr2]FMT1]FMT0 | DMF1]DMFO | DME | MUTE |
R/W: Read/Write Mode Select

When R/W = 0, a write operation is performed.
When R/W = 1, a read operation is performed.
Default value: 0

ATLD: Attenuation Load Control
This bit is available for read and write.
Default value: 0

ATLD =0 Attenuation control disabled (default)
ATLD =1 Attenuation control enabled

The ATLD bit is used to enable loading of the attenuation data contained in registers 16 and 17. When ATLD = 0,
the attenuation settings remain at the previously programmed levels, ignoring new data loaded from registers 16
and 17. When ATLD = 1, attenuation data written to registers 16 and 17 is loaded normally.

FMT[2:0]: Audio Interface Data Format
These bits are available for read and write.
Default value: 101

For the external digital filter interface mode (DFTH mode), this register is operated as shown in the Application for
Interfacing With an External Digital Filter section of this data sheet.

FMT[2:0] Audio Data Format Selection
000 16-bit standard format, right-justified data
001 20-bit standard format, right-justified data
010 24-bit standard format, right-justified data
oM 24-bit MSB-first, left-justified format data
100 16-bit 12S-format data
101 24-bit 12S-format data (default)
110 Reserved
111 Reserved

The FMT[2:0] bits are used to select the data format for the serial audio interface.
DMF[1:0]: Sampling Frequency Selection for the De-Emphasis Function
These bits are available for read and write.

Default value: 00

DMF[1:0] De-Emphasis Sampling Frequency Selection
00 Disabled (default)
01 48 kHz
10 . 441 kHz
11 32 kHz

The DMF[1:0] bits are used to select the sampling frequency used by the digital de-emphasis function when it is
enabled by setting the DME bit. The de-emphasis curves are shown in the TYPICAL PERFORMANCE CURVES
section of this data sheet.

For the DSD mode, analog FIR filter performance can be selected using this register. A register map and filter
response plots are shown in the APPLICATION FOR DSD FORMAT (DSD MODE) INTERFACE section of
this data sheet.
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DME: Digital De-Emphasis Control
This bit is available for read and write.

Default value: 0

DME =0 De-emphasis disabled (default)
DME = 1 De-emphasis enabled

The DME bit is used to enable or disable the de-emphasis function for both channels.
MUTE: Soft Mute Control

This bit is available for read and write.

Default value: 0

MUTE =0 MUTE disabled (default)
MUTE = 1 MUTE enabled

The MUTE bit is used to enable or disable the soft mute function for both channels.
Soft mute is operated as a 256-step attenuator. The speed for each step to —e dB (mute) is determined by the
attenuation rate selected in the ATS register.
B15 B14 B13 B12 B11 B10 B9 B8 B7  B6 B5 B4 B3 B2 B1 BO
Register 19 [RW | 0 [ o | 1 | o J o | 1 [ 1 [REv[arst1[arso] ope [ zoE [pFms| FLT | INzD |

R/W: Read/Write Mode Select

When R/W = 0, a write operation is performed.
When R/W = 1, a read operation is performed.
Default value: 0

REV: Output Phase Reversal

This bit is available for read and write.

Default value: 0

REV =0 Normal output (default)
REV =1 Inverted output

The REV bit is used to invert the output phase for both channels.
ATS[1:0]: Attenuation Rate Select
These bits are available for read and write.

Default value: 00

ATS[1:0] Attenuation Rate Selection
00 Every PLRCK (default)
01 PLRCK/2
10 PLRCK/4
11 PLRCK/8

The ATS[1:0] bits are used to select the rate at which the attenuator is decremented/incremented during level
transitions.
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OPE: DAC Operation Control
This bit is available for read and write.
Default value: 0

OPE=0 DAC operation enabled (defaulf)
OPE =1 DAC operation disabled

The OPE bit is used to enable or disable the analog output for both channels. Disabling the analog outputs forces
them to the bipolar zero level (BPZ) even if digital audio data is present on the input.

ZOE: Zero Flag Pin Operation Control
This bit is available for read and write.
Default value: 0

ZOE =0 DSD data input (default)
ZOE =1 Zero flag output

The ZOE bit is used to change the DSDL (pin 1) and DSDR (pin 2) pin assignments. When the ZOE bit is set to 0,
DSDL and DSDR are inputs for L-channel and R-channel data. When the ZOE bit is set to 1, DSDL and DSDR
become outputs for the L-channel and R-channel zero flags, respectively. See the PCMZ and DZ[1:0] bit descriptions
of register 21.

DFMS: Stereo DF Bypass Mode Select
This bit is available for read and write.
Default value: 0

DFMS =0 Monaural (default)
DFMS = 1 Stereo input enabled

The DFMS bit is used to enable stereo operation in DF bypass mode. In the DF bypass mode, when DFMS is set
to 0, the pin for the input data is PDATA (pin 5) only, therefore the DSD1794 operates as a monaural DAC. When
DFMS is set to 1, the DSD1794 can operate as a stereo DAC with inputs of L-channel and R-channel data on
DSDL (pin 1) and DSDR (pin 2), respectively.

FLT: Digital Filter Rolloff Control
This bit is available for read and write.

Default value: 0

FLT =0 Sharp rolloff (default)
FLT =1 Slow rolloff

The FLT bit is used to select the digital filter rolloff characteristic. The filter responses for these selections are shown
in the TYPICAL PERFORMANCE CURVES section of this data sheet.

INZD: Infinite Zero Detect Mute Control
This bit is available for read and write.

Default value: 0

INZD = 0 Infinite zero detect mute disabled (default)
INZD =1 Infinite zero detect mute enabled

The INZD bit is used to enable or disable the zero detect mute function. Setting INZD to 1 forces muted analog outputs
to hold a bipolar zero level when the DSD1794 detects zero data in both channels continuously for 1024 sampling
periods (1/fg). The infinite zero detect mute function does not work in the DSD mode.
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Bi5 B4 B13 B12 B B10 B9 B8 B7 B6 B5 B4 B3 B2 BI B0
Register20 [RW | 0 | o [ + [ o [ 1 [ o [ o [Rsv[SRST[DSD [DFTH|MONO ] CHSL | 0S1 | 00 |

R/W: Read/Write Mode Select

When R/W = 0, a write operation is performed.
When R/W = 1, a read operation is performed.
Default value: 0

SRST: System Reset Control

This bit is available for write only.

Default value: 0

SRST =0 Normal operation (default)
SRST =1 System reset operation (generate one reset pulse)

The SRST bit is used to reset the DSD1794 to the initial system condition.

DSD: DSD Interface Mode Control
This bit is available for read and write.
Default value: 0

DSD =0 DSD interface mode disabled (default)
DSD =1 DSD interface mode enabled

The DSD bit is used to enable or disable the DSD interface mode.
DFTH: Digital Filter Bypass (or Through Mode) Control

This bit is available for read and write.

Default value: 0

DFTH=10 Digital filter enabled (default)

DFTH =1 Digital filter bypassed for external digital filter

The DFTH bit is used to enable or disable the external digital filter interface mode.
MONO: Monaural Mode Selection
This bit is available for read and write.
Default value: 0
MONO =0 Stereo mode (default)
MONO = 1 Monaural mode

The MONO function is used to change the operation mode from the normal stereo mode to the monaural mode. When
the monaural mode is selected, both DACs operate in a balanced mode for one channel of audio input data. Channel
selection is available for L-channel or R-channel data, determined by the CHSL bit as described immediately
following.

CHSL: Channel Selection for Monaural Mode
This bit is available for read and write.

Default value: 0

This bit is available when MONO = 1.

CHSL=0 L-channel selected (default)
CHSL =1 R-channel selected

The CHSL bit selects L-channel or R-channel data to be used in monaural mode.
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0OS[1:0]: Delta-Sigma Oversampling Rate Selection
These bits are available for read and write.

Default value: 00

0S[1:0] Operation Speed Select
00 64 times fg (default)
01 32 times fg
10 128 times fg
" Reserved

The OS bits are used to change the oversampling rate of delta-sigma modulation. Use of this function enables the
designer to stabilize the conditions at the post low-pass filter for different sampling rates. As an application example,
programming to set 128 times in 44.1-kHz operation, 64 times in 96-kHz operation, and 32 times in 192-kHz operation
allows the use of only a single type (cutoff frequency) of post low-pass filter. The 128-fg oversampling rate is not
available at sampling rates above 100 kHz. If the 128-fg oversampling rate is selected, a system clock of more than
256 fg is required.

In DSD mode, these bits are used to select the speed of the bit clock for DSD data coming into the analog FIR filter.
B15 B14 B13 B12 B11 B10 B9 B3 B7 B6 B5 B4 B3 B2 B BO
Register2t [RW | 0 [0 [1 [0 [+ T7o [ 1 [Rsv[Rsv]Rsv]|Rsv]Rsv]Dzi | D20 [PCMZ]

R/W: Read/Write Mode Select

When R/W = 0, a write operation is performed.
When R/W = 1, a read operation is performed.
Default value: 0

DZ[1:0]: DSD Zero Output Enable

These bits are available for read and write.

Default value: 00

DZ[1:0] Zero Output Enable
00 Disabled (default)
01 Even pattern detect
1X 96 pattern detect

The DZ bits are used to enable or disable the output zero flags, and to select the zero pattern in the DSD mode. The
DSD1794 sets zero flags when the number of 1s and Os are equal in every 8 bits of DSD input data, or the DSD input
data is 1001 0110 continuously for 200 ms.

PCMZ: PCM Zero Output Enable
These bits are available for read and write.
Default value: 1

PCMZ =0 PCM zero output disabled
PCMZ =1 PCM zero output enabled (default)

The PCMZ bit is used to enable or disable the output zero flags in the PCM mode and the external DF mode. The
DSD1794 sets the zero flags when the input data is continuously zero for 1024 LRCKs in the PCM mode or 1024
WDCKs in the external filter mode.

BIS B14 B13 B12 B B0 BY B3 B7 B6 B5 B4 B3 B2 B1 B0
Register22 | R | 0 | o | 1+ [ o [+ ] 1 o [RsV]|[Rsv|RSV][RsV|Rsv|RsvV]|zFGR]ZFGL |
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