. . September 19, 2006
&Natzonal Semiconductor Rev -1.1

PEL

Evaluation Board User's Guide

DAC124S085 12-Bit Quad, DAC104S085 10-Bit Quad,
DAC084S085 8-Bit Quad, DAC122S085 12-Bit Dual,
DAC102S085 10-Bit Dual, DAC082S085 8-Bit Dual

Micro Power Digital-to-Analog Converter
with Rail-to-Rail Output

(C)2005 NSC i 'i
National Semiconductor |

DAC1245085 Evaluation Board
Rev 1.

0000 O
(00100, O/!
(8)((8)(0) () (s)(®)
) (8)((8)(8)((8) () (®
‘001000 (C
0) ©(0)®) ) (@) @) ) ((0) () (0)(®) @)e)6) 6]
©®©O® 6 ©© 0O
"c_ | ABND s .

U/4'

D
VREF SELECTIDN‘" X
- O mOo
o 4
‘ " ==3aBND S
3 [ . =, v
| P8 = »e aljcio
. . o] tme e
o
0| Vs TPS - =
it M 3R3V E]¥ - e

© 2006 National Semiconductor Corporation.

1 http://www.national.com



[ Blank Page ]

2 http://www.national.com



Table of Contents

TL0 INEFOAUCTION ...ttt 4
2.0 BOArd ASSEMDIY.......c.iiiiiiiiieieieeeee ettt ettt ettt et b e bbb te et ta et e b e beebeebeeaeetaestesbensens 5
2.1 WaveVision 4.0 Board ModifiCations .............ccuevierieriiesieeiieeie e sie e eee e sveseae e e e 5
3.0 QUICK STAIM......oiic ettt ettt 5
3.1 Stand-Alone MOGE .......couerueiiiiiiiniiieneeet ettt sttt 5
3.2 COMPULET IMOAE.......eeiieiieiiieieeie ettt ettt ettt e e st e st e be e seesseesaeesaesseesseeseenseenseensesnsensenn 5
4.0 FUNCHIONAI DESCIIPLON ...ttt ettt et e eae e et eereeereereens 6
4.1 Serial INTEITACE. ..ottt 6
4.2 DAC Reference CIrCUITTY ........cccoeiiiiieieeiee ettt ettt sseaeas 6
4.3 ANAIOG OULPUL.....coiiiiiiiie ettt ettt ta et e b e b e beebeeseesaeseessessens 6
4.4 Power SUPPLY CONNECHIONS........ccoooiiiiieciieie ettt sa e essesnens 6
5.0 Software Operation and SEtHNGS ........cccociiiiiiieieeee et 6
6.0 Evaluation Board SPeCifiCatioNS ............cooouiiiiiiiiiiee et 6
7.0 Hardware SCREIMALIC .....c..evuiriiiirieeiieiciertestest ettt ettt sttt se et bt et st et eanentens 7
8.0 Evaluation Board Bill of Materials...............cccoeioiniiiiiniiccecrecceeeeecseee e 8
A1.0 Summary Tables of Test Points, Jumpers, and Connectors.............ccoceeevieveneeieieieieiennen 9
A2.0 Enlarged Timing DIagram ..........cccooioieiiieieieiecie ettt ettt et ssesbesbeeseetaessessessenss 9

3 http://www.national.com



1.0 Introduction

The DAC124S085EB Design Kit (consisting of the
DAC124S085 Evaluation Board and this User's Guide)
is designed to ease evaluation and design-in of the
National Semiconductor DAC124S085 12-Bit Quad,
DAC104S085 10-Bit Quad, DAC084S085 8-Bit Quad,
DAC1228085 12-Bit Dual, DAC102S085 10-Bit Dual,
DAC082S085 8-Bit Dual Micro-Power Digital-to-Analog
Converter with Rail-to-Rail Output. This family of pin-
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compatible DACs, will be referenced throughout this
document as the DAC124S085.

The evaluation board can be used with suitable test
equipment, such as a pattern generator and signal
analyzer, to evaluate the DAC124S085 performance.

Data transmitted to the DAC124S085 via a serial
interface is converted to an analog waveform by U2/U4,
the DAC124S085.

National Semiconductor |
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Figure 1: Component and Test Point Location
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2.0 Board Assembly

The DAC124S085 evaluation board comes fully
assembled and ready for use. Refer to the Bill of
Materials for a description of components, to Figure 1
for major component placement, and to Figure 6 for the
Evaluation Board schematic.

3.0 Quick Start

The DAC124S085 evaluation board may be used in the
Stand-Alone mode while a Pattern Generator is used to
drive the DAC124S085, and a Signal Analyzer is used
to evaluate the analog output signal

3.1 Stand-Alone Mode
Refer to Figure 1 for locations of test points and major
components.

1. Connect a clean analog (not switching) +5V power
source to Power Connector J1 on the
DAC124S085 board and turn on the power. Place
a jumper across pins 2 and 3 of JP1 to select
VA_REMOTE.

2. Place a jumper across the appropriate pins of JP2
to select the desired reference voltage. For the
default selection of Vger = VA, place a jumper
across pins 2 & 3. Please see Table 1 for details.

3. Create the digital waveforms seen in Figure 2 with
your Pattern Generator. Ensure that SCLK doesn’t
exceed 40MHz. Refer to “Section 1.4: Serial
Interface” and the DAC124S085 Datasheet for
further details.
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Figure 2: Digital Input Timing Diagram
(Refer to Appendix 2.0 for an enlarged version)

4. Connect your Pattern Generator to Serial
Interface header J3. Refer to Figure 3 below for
connection details.

HEADER J3

AT

2
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RKe

Figure 3: J3 Serial Interface Header
(*Pins 7&8 are used for SCL and SDA, respectively,
when modified for WV4.0)

|
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The Analog Output signals of each channel can be
seen DC coupled at header J6. See the header
schematic of Figure 4 for details.

HEADER J6

]

VOUT_A —]
VOUT_B —7]
VOUT_C —
VOUT_D —]

5588
KRR

Figure 4: J6 Output Header

Select the desired output load by adding jumpers
to headers JP3 & JP4. See Figure 5 and Table 1 in
Section 4.0 for jumper configurations.
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Figure 5: JP3 & JP4 Load Select Headers
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4.0 Functional Description

Table 1 describes the function of the various jumpers
on the DAC124S085 evaluation board. The Evaluation
Board schematic is shown in Figure 6.

Pins 1 & 2 Pins2& 3
Jumper
Select VA=5.5V
JP1 Select VA_REMOTE
from WV4.1 Board from J1
JP2 Select 2.5V as Select VA as Vrer
VRer
JP3 JP4
Pin
182 Select 200pF Select 200pF
Output Load Output Load
Capacitance Capacitance
VOUT_A VOUT_C
384 Select 2kQ Output Select 2kQ Output
Load Resistance Load Resistance
VOUT_A VOUT_C
586 Select 200pF Select 200pF
Output Load Output Load
Capacitance Capacitance
VOUT_B VOUT_D
788 Select 2kQ Output Select 2kQ Output
Load Resistance Load Resistance
VOUT_B VOUT_D

Table 1: Jumper Configurations

4.1 Serial Interface

In Stand-Alone Mode, the serial interface must be
driven by an external device. The three-wire interface
(SCLK, SYNC, Di\) is compatible with SPI, QSPI and
MICROWIRE, as well as most DSPs. See the Timing
Diagram (Figure 2) for information on a write sequence.

The maximum digital input level of the three-wire
interface is independent of the analog supply voltage
(Va). The range of all digital inputs is OV to 5.25V
regardless of Va.

A write sequence begins by bringing the SYNC line low.
Once SYNC is low, the Binary data on the Dy line is
clocked into the 16-bit serial input register on the falling
edges of SCLK. On the 16th falling clock edge, the last
data bit is clocked in and the programmed function (a
change in the mode of operation and/or a change in the
DAC register contents) is executed. At this point the

SYNC line may be kept low or brought high. In either
case, it must be brought high for the minimum specified
time before the next write sequence as a falling edge of
SYNC will initiate the next write cycle.

Since the SYNC and D\ buffers draw more current
when they are high, they should be idled low between
write sequences to minimize power consumption.

Please refer to the DAC124S085 datasheet for more
information.

4.2 DAC Reference Circuitry

The reference voltage for the DAC124S085 is selected
by JP2. (See Table 1 for details.) The reference can
either be selected as a fixed 2.5 volts, or as the supply
voltage. In the latter case, the analog output range of
the DAC124S085 can be scaled by adjusting the
supply voltage (Va). This voltage can be set anywhere
from +2.7V to +5.5V.

4.3 Analog Output

The analog output of this Eval board is available DC
coupled at the header J6. An AC coupled output is not
provided, however SMA footprints are available at J2
and J4. These footprints can be used along with the
prototype field to design another output circuit, should it
be desired.

4.4 Power Supply Connections

In Stand-alone mode, the DAC124S085 board must be
powered by an external supply.

Connect a DC voltage supply to connector J1 and
place a jumper across pins 2 and 3 of JP1 to select
Va_REMOTE. This voltage (Va) can be set anywhere
from +2.7V to +5.5V.

If the supply voltage (Va) serves as the reference for
the DAC124S085, ensure a clean power supply is
used.

6.0 Evaluation Board Specifications

Board Size: 3.70"x 3.15" (9.4 cm x 8 cm)

Power Requirements Min: +2.7V , 3mA | Max: +5.5V, 5 mA

Max Clock Frequency: |40 MHz

Analog Output

Impedance: User Selectable: 2KQ, 200pF, or .
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APPENDIX

A1.0 Summary Tables of Test Points, Jumpers, and Connectors

Test Points on the DAC124S085 Evaluation Board

TP1: AGND Ground. Located at the lower left of the board.

TP2: VA Va Test Point. Located in the lower left of the board.

TP3: AGND Ground. Located at the lower right of the board.

TP4: AGND Ground. Located in the center of the board

TP5: 3P3V 3.3V test point. Located at the lower right edge of the board.
TP6: AGND Ground. Located in the center of the board.

Connectors on the DAC124S085 Evaluation Board

J1: Terminal Block

VA_REMOTE. External power supply connector.

J2: SMA Footprint

Not Used

J3: Serial Interface
Header

Serial Interface connector. Logic Input. (Refer to Figure 3 for a pin-out diagram.)

J4: SMA Footprint

Not Used

J5: WV4.1 Connector

WaveVision 4.1 connector (for future use)

J6: Output Header

DC Coupled output for channels A-D

Selection Jumpers on the DAC124S085 Evaluation Board (Refer to Table 1 in Section 4.0 for configuration details)

JP1: VA_SELECTION

Selects source of V.

JP2: VREF_SELECT

Selects Vrer Level

JP3: LOAD SELECT

Configures the output load for channels A & B

JP4: LOAD SELECT

Configures the output load for channels C & D

A2.0 Enlarged Timing Diagram
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BY USING THIS PRODUCT, YOU ARE AGREEING TO BE BOUND BY THE TERMS AND CONDITIONS OF NATIONAL
SEMICONDUCTOR'S END USER LICENSE AGREEMENT. DO NOT USE THIS PRODUCT UNTIL YOU HAVE READ AND
AGREED TO THE TERMS AND CONDITIONS OF THAT AGREEMENT. IF YOU DO NOT AGREE WITH THEM, CONTACT THE
VENDOR WITHIN TEN (10) DAYS OF RECEIPT FOR INSTRUCTIONS ON RETURN OF THE UNUSED PRODUCT FOR A
REFUND OF THE PURCHASE PRICE PAID, IF ANY.

The DAC124S085 Evaluation Board is intended for product evaluation purposes only and is not intended for resale to end
consumers, is not authorized for such use and is not designed for compliance with European EMC Directive 89/336/EEC, or for
compliance with any other electromagnetic compatibility requirements.

National Semiconductor Corporation does not assume any responsibility for use of any circuitry or software supplied or described.
No circuit patent licenses are implied.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to
perform, when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury to the
user.

2. A critical component is any component in a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National does not assume any responsibility for any circuitry described, no circuit patent licenses are implied and National reserves the right at any time
without notice to change said circuitry and specifications.

National Semiconductor Corporation
Americas

Tel:  1-800-272-9959

Fax: 1-800-737-7018

Email: support@nsc.com

National Semiconductor Europe
Fax: +49 (0) 1 80-530 85 86

Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 699508 6208
English Tel: +49 (0) 870 24 0 2171
Frangais Tel: +49 (0) 141 91 8790

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466
Email:sea.support@nsc.com

National
Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

www.national.com
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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.

Tl 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 Tl products or services are used. Information
published by TI 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 Tl 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. Information of third parties may be subject to additional
restrictions.

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 Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

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

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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