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IEI DSD1700

For most current data sheet and other product
information, visit www.burr-brown.com

Direct Stream Digital ™ (DSD™)
Sow?l, .. Audio
DIGITAL-TO-ANALOG CONVERTER

FEATURES APPLICATIONS

e DIRECT TRANSFER OF DSD DATA ¢ SUPER AUDIO CD (SACD™) PLAYERS
STREAM TO ANALOG OUTPUT SIGNAL o PROFESSIONAL DSD PROCESSORS

e DUAL DIFFERENTIAL ANALOG FIR FILTER + PROFESSIONAL DSD CONSOLES

e DIRECT, CMOS LOGIC INTERFACE TO
DSD™ DECODER IC

Data Clock: 2.8224 MHz (64 » 44.1kHz) DESCRIPTION
System Clock: 11.2896 MHz (256 « 44.1kHz) ) ) .
e EXCELLENT DYNAMIC PEREORMANCE The DSD1700 is a unique digital-to-analog converter

designed for DSD audio applications. The DSD1700
consists of a single-channel, 8-tap analog FIR filter
constructed using a double differential circuit architec-
) ture, ensuring excellent dynamic performance and
F R —3dB): 100kH . . N

requency Response ( ) z high power- supply noise rejection. The DSD1700

¢ SINGLE +5V SUPPLY OPERATION also includes the necessary logic required to interface
® SMALL 28-LEAD SSOP PACKAGE directly to a DSD decoder IC.

THD+N: 0.001% (typ)
Dynamic Range: 110dB (typ)
SNR: 110dB (typ)

The overall features and performance of the DSD1700
make it an ideal choice for high-performance Super
Audio CD players and DSD studio applications.

All trademarks are property of their respective owners.
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SPECIFICATIONS

All specifications T, = +25°C, Vpp = Ve = 5.0V, fg = 44.1kHz, data clock = 64fg, system clock = 256fs, unless otherwise specified. (Although the sampling frequency
of Direct Stream Digital is 2.8224MHz, for convenience, in this specification sheet, it is described that the sampling frequency (fs) is 44.1kHz and the 2.8224MHz
clock is 64fg).

DSD1700E

PARAMETER CONDITIONS MIN TYP MAX UNITS
INPUT CLOCK
Data Clock Frequency (DCK) 64fg 2.8224 MHz
System Clock Frequency (SCK) 256fg 11.2896 MHz
SCK AC REQUIREMENT @)
Input Clock Duty Cycle 50 %
DIGITAL INPUT
High Level Input Voltage Viy 0.7Vpp \%
Low Level Input Voltage Vi 0.3Vpp \%
High Level Input Current (" +10 HA
Low Level Input Current 1@ +10 HA

1,® -120 HA
ANALOG OUTPUT®)
Full-Scale Voltage 4.1V Vp-p
Gain Error +4 +10 % of FSR
Offset Error +0.1 +1 % of FSR
Output Impedance® 2 kQ
DYNAMIC PERFORMANCE (®
THD+N, Vgyr = 0dB with 30kHz GIC Filter 0.001 %
Dynamic Range with 30kHz GIC Filter 110 dB
Signal-to-Noise Ratio with 30kHz GIC Filter 110 dB
Frequency Response, —3dB 100 kHz
POWER SUPPLY REQUIREMENTS
Voltage Range Vee Voo 4.5 5 5.5 VDC
Supply Current lectlpp Vee = Vpp = 5.0V 5.5 8.0 mA
Power Dissipation Vee = Vpp = 5.0V 27.5 40 mwW
TEMPERATURE RANGE
Operating -25 +85 °C
Storage -55 +125 °C
Thermal Resistance 03 28-Pin SSOP 100 °C/IW

NOTES: (1) See description of system clock in the Functional Description section of this data sheet. (2) Pins 26, 27, 28: DATA. DCK. SCK. (3) Pins 3, 4: RST, PHASE
(with internal pull-up). (4) Pins 13, 14, 15, 16: IoytHN, loytCP, loytCN, IoyrHP. (5) Measure DSD signal modulated fg, g = 1kHz with 50% scaling factor through
standard differential to single-ended converter (see Figure 10) using Audio Precision System Il in rms mode with 20kHz LPF and 400Hz HPF.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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PIN CONFIGURATION

PIN ASSIGNMENTS

Top View SSOP
(@]
DGND | 1 28 | SCK
vDDIZ 27 | DCK
RST| 3 26 | DATA
PHASE | 4 25 | AGND
AGND | 5 24 | Ve
vCCE 23 | AGND
AGND | 7 22 | Ve

DSD1700
Vee | 8 21 | Ve

AGND |10 19 | Ve
VCCE 18 | AGND
AGND |12 17 | AGND
lourHN |13 16 | lgyHP
lourCP | 14 15 | 154rCN

PIN NAME 1/10 DESCRIPTION

1 DGND — Digital Ground

2 Vpp — Digital Power Supply: +5V

3 RST IN Reset Control Input, Active LOW®

4 PHASE IN Select data phase

(LOW = Normal; HIGH = Invert)

5 AGND — Analog Ground

6 Vee — Analog Power Supply: +5V

7 AGND — Analog Ground

8 Vee — Analog Power Supply: +5V

9 Vee — Analog Power Supply: +5V

10 AGND — Analog Ground

11 Vee — Analog Power Supply: +5V

12 AGND — Analog Ground

13 louTHN OUT | Analog Output from DAC (Hot Negative)
14 louTCP OUT | Analog Output from DAC (Cold Positive)
15 loutCN OUT | Analog Output from DAC (Cold Negative)
16 loutHP OUT | Analog Output from DAC (Hot Positive)
17 AGND — Analog Ground

18 AGND — Analog Ground

19 Vee — Analog Power Supply: +5V

20 AGND — Analog Ground

21 Vee — Analog Power Supply: +5V

22 Vee — Analog Power Supply: +5V

23 AGND — Analog Ground

24 Vee — Analog Power Supply: +5V

25 AGND — Analog Ground

26 DATA IN Direct Stream Digital Data Input

27 DCK IN Data Clock Input

28 SCK IN System Clock Input

ABSOLUTE MAXIMUM RATINGS @

SUPPIY VOIAGE®D) ...t +6.5V
Supply Voltage Differences® ...........ccccoeveveviivveveieeiieeeeeeeeeee +0.1V
Ground Voltage Differences® ...........cccccovevevereieinieieeiee e +0.1V

Digital Input Voltage ....................
Input Current (any pins except SUPPIES) .....cceevviriieiieiiiieiie s +10mA
Operating Temperature ..............c...... .—25°C to +85°C
Storage TEMPETALUE .......cocvrveirierieiaieereieie e —55°C to +125°C
JUNCION TEMPETALUIE ...ttt +150°C
Lead Temperature (soldering, 5s).....
Package Temperature (IR reflow, peak, 10s).

0.3V to Vpp +0.3V

NOTE: (1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade
device reliability. (2) Ve, Vpp. (3) Among V¢, Vpp. (4) Among AGND, DGND.

PACKAGE/ORDERING INFORMATION

NOTE: (1) With internal pull-up resistor

$ ELECTROSTATIC
(¢A DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion 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.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER RANGE MARKING NUMBER @ MEDIA
DSD1700E 28-Lead SSOP 324 0°C to +70°C DSD1700E DSD1700E Rails
" " " " " DSD1700E/2K Tape and Reel

NOTE: (1) Models with a slash (/) are available only in Tape and Reel in the quantities indicated (e.g., /2K indicates 2000 devices per reel). Ordering 2000 pieces
of “DSD1700E/2K” will get a single 2000-piece Tape and Reel.

DSD1700

BURR - BROWN®



GENERAL INFORMATION DECODER INTERFACE

The DSD1700 is designed solely for use in DSD and SACDTSteS diﬁzdirslgﬁ:fiffcﬁoizsﬁtts é)éie\(/eirnalz(é;\/l ?)Selgﬁécs 'r;'t
applications. It is not compatible with standard CD audio puts. Y put, P » OP

transports, or DVD/MPEG-2 decoders. Burr-Brown manu- (11|n223;3 '\:I)HérzgtzeSsGa; ;4ééi|jlzl\)/iH1;h(eG 4d?tjl4 tillil—f;())(;kr; dDi;:::]e
facturers a wide array of products for these applications. P » OP ' .

Please refer to our audio brochure and product data sheetg’A'X oversampled data clock. The 1-bit, 64x oversampled

. . Jata stream is input at DATA (pin 26). DATA and DCK are
available from our web site (www.burr-brown.com) and : :
X synchronized to the SCK falling edge.
local sales offices. )
The DSD1700 generates HOT and COLD data internally for
use with the double differential analog FIR filter. The

FUNCTIONAL DESCRIPTION PHASE input (pin 4) is used to determine the polarity of the

The concept of Direct Stream Digital (DSD) conversion is HOT and COLD data (normal or inverted). The PHASE
simple. An analog audio input is digitized by a 1-bit, 64x iNPut is synchronized to the rising edge of SCK.
oversampled delta-sigma modulator. The 1-bit data stream iSThe RST input (pin 3) is used for system reset purposes.
then stored and may be transferred to a SACD disc at a lateRST should be High for normal operation, and Low for reset
time. For playback, the 1-bit, 64x oversampled data is thenoperation. When RST is held Low, the current outputs of the
presented to the DSD1700 directly by a DSD decoder IC.analog FIR filter are set to the bipolar zero (BPZ) level. The
The DSD1700 then low-pass filters the oversampled data toRST signal is synchronized to the rising edge of SCK.
reconstruct the original analog audio waveform. The record-

ing and playback functions are illustrated in Figures 1 and 27\MING

respectively. Figures 3 though 6 show the timing diagrams for the

To perform the digital-to-analog conversion, the DSD1700 psp1700 interface signals. Figure 3 shows the system clock
includes both the decoder interface logic and an analog FIR'SCK) timing requirements. Figure 4 shows the general
filter. The following paragraphs provide a summary of these {iming for the data input. Figures 5 and 6 show the detailed

functions. timing for the DSD data and control data inputs.
Loop Filter
(Noise Shaping 1-Bit Interface Low-Pass
and Integration)  Quantizer Logic Filter
w0 kit ool oo | o] [ e e
Input — ) Output
b (641, 1-Bit) (641, 1-Bit) P
FIGURE 1. DSD Recording. FIGURE 2. DSDPIlayback.
High =———— _|_ _ _ _ |
System Clock \
Low ~~~ "7~ ———
tsere
SYMBOL DESCRIPTION MIN TYP MAX UNITS
tsckh System Clock Pulse Width High 10 ns
tsckL System Clock Pulse Width Low 10 ns
FIGURE 3. System Clock Timing.
RST J
SCK (256fg)
DATA X X
DCK (64fs)

FIGURE 4. Input Signal Timing.
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SCK
tscwe tscwn
tSCY
DCK
toen tocs
DATA
tDAH "DAS
SYMBOL DESCRIPTION MIN TYP MAX UNITS
tscwh SCK Pulse Width High 10 ns
tscwL SCK Pulse Width Low 10 ns
tsey SCK Pulse Cycle Time 1/(256fs) sec
toes DCK Setup Time 15 ns
toch DCK Hold Time 5 ns
thas DATA Setup Time 15 ns
toan DATA Hold Time 5 ns
FIGURE 5. DSD Data Input Timing.
SCK f
tscwn tscw
tSCY
PHASE
oy tps
RST
tRH tRS
SYMBOL DESCRIPTION MIN TYP MAX UNITS
tscwh SCK Pulse Width High 10 ns
tscwL SCK Pulse Width Low 10 ns
tsey SCK Pulse Cycle Time 1/(256fs) sec
tps PHASE Setup Time 15 ns
toy PHASE Hold Time 5 ns
trs RST Setup Time 15 ns
trH RST Hold Time 5 ns
FIGURE 6. Control Data Input Timing.
BURR - BROWN®
5 DIN I [=1=1



ANALOG FIR FILTER Figure 7. Prior to the analog FIR filters, the duty cycle of the

The low-pass filter function for the DSD1700 is constructed PSP input signal is set to 75% by the DSD1700’s duty
by using four 8-tap, analog FIR filters with current outputs. 9€nerators.

The four filters include one each for HOT and COLD Plots of the analog FIR filter response is shown in Figure 8.
positive, and one each for HOT and COLD negative. This is The stop-band attenuation of the filters dictates that addi-
referred to as a double differential architecture. These filterstional low-pass filtering is required at the output of the
use resistors to set the filter coefficients, as shown inexternal current-to-voltage converter circuit (see Figure 10).

& L L g A4 L4 L4 A4 IOUT

FIGURE 7. Analog FIR Filter Structure.

FREQUENCY RESPONSE
(DC - 1.4112MHz)

N A~

Gain (dB)

-100
0 705,600
Frequency (Hz)

1,411,200

Gain (dB)

-100

FREQUENCY RESPONSE
(DC - 11.2896MHz)

5,644,800
Frequency (Hz)

11,289,600

FIGURE 8. Analog FIR Filter Frequency Response.
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CURRENT-TO-VOLTAGE (I/V)

APPLICATIONS INFORMATION
CONVERTER CIRCUIT

TYPICAL CONNECTIONS . . .

_ ] ) _ The DSD1700 is a current output device, and requires an
Figure 9 shows the basic connection diagram for the |/ conversion circuit to transform the double-differential
DSD1700. A significant number of power supply bypass oytputs into a usable voltage output. The circuit in Figure 10
capacitors are required, and Burr-Brown recommends theis recommended for this purpose. Op amps are OPA134 or

indicated values for optimal performance. equivalent
+5V
DSD1700
O
1 E DGND SCK 5’7—-4 System Clock
C, )
Direct
= bb c }Stream
System Reset RST 37—4 Digital™
Y ,lé RST DATA _6| Data
Phase Control 4 | PHASE AGND | 25
I,= [ < | _'LC6
5 | AGND Ve | 24
=N oo |22 ]
9 VCC AGND _'[_
] — TC
s | 7 | AGND Vee |22 b
3
CB
T
9
TE Vee AGND | 18 4
CS
[ 12 | AGND AGND Ei
| - Analog
«4E lourCP lourCN E’i» = Ground
NOTE: C, = 0.1yF ceramic and 1-100uF. C, - C4 = 0.1uF ceramic each and 1-100pF chemical.
FIGURE 9. Basic Connection Diagram.
+18V
Q 0.1pF
+18V
}_AL o)
) 100pF = 0-1uF
lourCN WA I I
1kQ 8.2 kQ 220pF -
W |
4.7kQ 4.7kQ
+5V
== 470pF 4.7kQ
Analog
Out
—— 470pF 4.7kQ
1kQ
loyrCP AN — 220pF = 4.7kQ
1kQ
lourHN M
_ | - Analog
1 = Ground

FIGURE 10. Recommended I/V Conversion Circuit.
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PRINTED CIRCUIT BOARD LAYOUT Separate power supplies are recommended for the digital
A typical PCB floor plan for the DSD1700 is shown in and analog sections of the board. This prevents the switching

Figure 11. A ground plane is recommended, with the analog”Oise present on the digital supply from contaminating the

and digital sections being isolated from one another using a@"@l0g power supply and degrading the dynamic perfor-

split in the plane. The DSD1700 should be oriented with the Mance of the DSD1700.
digital 1/0 pins facing the ground plane split/cut, allowing

for direct connection to the DSD decoder and control signals

originating from the digital section of the board.

Digital Power Analog Power
+Vp DGND AGND +5VA +Vg Vg
Vee
—| Voo

DSD™ Decoder

and —__[—|DPGND Output ?&
_K? K% \ — — Circuits

Control Logic
N DSD1700 Digital
\ Ground
\ AGND
T 4
Analog
DIGITAL SECTION ANALOG SECTION Ground

AN
\

Return Path for Digital Signals

FIGURE 11. Recommended PCB Layout Technique.
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 9-Dec-2004

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
DSD1700E ACTIVE SSOP DB 28 47 None Call TI Call Tl
DSD1700E/2K ACTIVE SSOP DB 28 2000 None Call Tl Call Tl

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoOHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated
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