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1. Introduction

The DAC161S055 Evaluation Board Design Kit (consisting of the DAC161S055 Evaluation Board, this User’s
Guide and the optional SPUSI2 board from National Semiconductor) is intended to ease evaluation and
design-in of the National Semiconductor DAC161S055 16-bit Digital to Analog Converter.

The evaluation board can be used in either the ‘Stand-Alone mode’ or the ‘Computer mode’. In the ‘Stand-
Alone mode’, the user can interface to the part using the on board TEST_PORT with external pattern
generators and other suitable test equipment or with a ribbon cable attached to their microprocessor’s

evaluation board.

In the ‘Computer mode’, data can be sent to the DAC161S055 using the SPUSI2 board and the Tinyl2CSPI
software. The SPUSI2 board can be purchased, and the Tinyl2CSPI software downloaded for free, at
http://www.national.com/analog/webench/sensors/spusi2 . The Tinyl2CSPI software operates under Microsoft
Windows and allows the user to send and receive individual SPI transactions. The Tinyl2CSPI software

therefore will be useful for applications where you want to set an output value and observe that value.
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2. Board Assembly

The DAC161S055 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 the schematic at the end of

this document.

Power Supply Banana Jacks

GPSI114/16 header

o DAC1615055  [WEESEEEREREERIE Jumper J2

“TEST_PORT”

Figure 1: Location of major components
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VREF_TP, VREF test point and ground. Located above the DAC161S055
GND_VREF
VA_TP, GND_VA VA external supply and ground. Located between the part and the Vout BNC

Table 1: Test Points on the DAC161S055 Evaluation Board

GPSI16/GPSI14 16 pin dual row right angle male header. Connect 14 pin to SPUSI board. The 16 pin are

for forward compatibility.

TEST_PORT 18 pin dual row male header. Allows access to SPI signals, Vout, and on board control
signals. Allows for grounding of control signals (LDACB, MZB, CLRB) using a jumper.

Table 2: Connectors on the DAC161S055 Evaluation Board

J1l Selects reference source for VREF — either external or on board LM4120-4.1.

J2 Connects Vout to the TEST_PORT.

Table 3: Jumpers
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3. Quick Start

The fastest way to start using the DAC161S055 evaluation board is to use it in Computer Mode with the
SPUSI2 board and the Tinyl2CSPI software.

3.1 Computer Mode

You will need a power supply for VA and a power supply for VDDIO. If you choose to use an external
reference, you will also need a power supply VREF.

e  For using the external VREF from the banana jack, connect pin 1 to pin 2 on jumper J1.

e To use the onboard LM4120-4.1 regulator, connect pin 3 to pin 2 on jumper J1

e Determine if you want to start up at zero or mid scale for the DAC output. If zero, connect pins 5
(gnd) and 6 (MZB) on the TEST_PORT header.

e Determine if you would like to have the DAC update every time you write data to it (instead of
having to write data and then write an update command). If so, short pins 9 and 10 (gnd and
LDACB) on the TEST_PORT header.

e Connect the SPUSI2 board to the DAC161S055 evaluation board. Ensure that you line up the
SPUSI2 board with the GPSI14 pins as shown on the board (see Figure 2 ). Note that one set of
pins will not match the header.

e Connect the power (VA and VDDIO, optionally VREF) to the board and turn on the supplies.

e Connect the SPUSI2 board to your computer via the USB cable.

L ]
911Sd9 | e

g i s

Figure 2: DAC161S055 Eval board connected to SPUSI board.
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e Start the Tinyl2CSPI software on your computer.

e Once the program has started, select “Add SPI” to get an SPI interface window.

e The settings needed to communicate with the DAC161S055 are

o CS=1

o CKPOL=0
o CKPHA=0
0 Bits=24

e Type the command (in HEX) that you wish to send to the DAC161S055 into the MOSI field.
See Figure 3 for some example commands. Pressing “Execute” will send the command to

the DAC.

e The MISO field will update once “Execute” is pressed. It will be '00 0000’ for the first
execution. It will be the last command for each subsequent execution as long as a clear

command has not been sent.

e The DAC output will be available at the Vout BNC after executing a command that updates

the output.

e Go to http://www.national.com/analog/webench/sensors/spusi2#tinyi2cspi to download the

Tinyl2CSPI personality file for this board.

dac161s055BoardTestScript - Tinyl2CSPI

File  Help

Load H Save | & Reload Add 12C Add SPI Load Script

i SPI-daci61s055BoardTestScript,bpf Log

[ Hide configuration fields Add Row ] [ Insert Row ] [ Delete Row ]
Function 5 CKPOL CKPHA  Bits MOST (write) MISO (read)

1 clear 1 1] 1] 24 010000 104000

2 wrup 3f4 1 o o 24 10c000 05 4000

3 wr 1/4 (check LDACE pin) 1 1] 1] 24 054000 10<oa0

Close

Execute

Execute
Execute

Execute

Figure 3: Example commands in Tinyl2CSPI interface
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4. Functional Description

4.1 DAC Reference Circuitry

This evaluation board includes two options to source the voltage reference, VREF. The options are selecting
the fixed, on board +4.096V voltage reference (LM4120-4.1) to source VREF or using the external banana jack
to source VREF. To select the +4.1V reference, short pins 2 & 3 of J1. To select the external reference, short
pins 1 & 2 of J1. J1 can be driven by a power supply set between +2.7 V and +5.25 V.

4.2 SPI Interface

The DAC161S055 requires three SPI input pins. It has one output pin. The input pins are Serial Clock
(SCLK), Chip Select Bar (CSB), and data in or Master Out Slave In (MOSI). The user must provide input
signals for SCLK, CSB and MOSI. The user can optionally use the data out or Master In Slave Out (MISO) pin
to use the DAC161S055 in a Daisy Chain configuration as described in the data sheet.

4.2.1 Serial Clock (SCLK, CSB, MISO, MOSI)
These signals are provided by the SPUSI2 board in Computer Mode. In Stand Alone Mode, these signals

must be provided by the user either on the TEST_PORT or the GPSI 14/16 header. The signal levels are TTL
and CMOS compatible. The voltage expected is set by the value of VDDIO that is applied to the board.

4.3 Other I/O

The DAC161S055 requires three other digital /0 pins: LDACB, CLRB and MZB.

4.3.1 Load DAC (LDACB) and Clear (CLRB)

These two signals must be provided by the user. In computer mode, you can set the levels by either leaving
the pin on the TEST_PORT unconnected, in which case it floats high, or by shorting the pin to the ground pin
on the header using a jumper. The signal level for CSB is TTL and CMOS compatible. The voltage expected
is set by the value of VDDIO that is applied to the board.

4.3.2 Mid Scale or Zero Output (MZB)

The MZB pin must be provide by the user. In computer mode, the level can be set by leaving the pin floating
(for a high) or shorting it to ground on the TEST_PORT header using a jumper. The signal level for MISO is
TTL and CMOS compatible. Unlike all the other pins, the voltage expected is set by the value of VA that is
applied to the board so that the output is set when the VA supply comes up.

5. Hardware Schematic
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6. DAC161S055 Evaluation Board Bill of Materials

Iltem | Designator Value Description Manufacturer PartNumber Quantity
1 AAl Printed Circuit Board TBD 1
2 C1,C2,C3 10uF Ceramic, X5R, 10V, Kemet C0805C106K8PACTU 3

10%
3 C7,C9 0.01uF Ceramic, X7R, 50V, Kemet CO0805C103K5RACTU 2
10%
4 C8, C10, 0.1uF Ceramic, X7R, 16V, Kemet C0603C104K4RACTU 3
C13 10%
5 C14, C17 0.022uF Ceramic, X7R, 16V, Kemet C0603C223K4RACTU 2
10%
6 GND, VA, Uninsulated Standard Emerson 108-0740-001 4
VDDIO, .175 Female Banana Network Power
VREF Jack Panel Mount Connectivity
Solutions
7 GND1, Black Test Point, TH, Keystone 5011 2
GND2 Multipurpose, Black Electronics
8 GPSI16 2x8 CONN HEADER Molex 90122-0768 1
16POS .100" R/A GOLD
9 J1 CONN 1X3 HEADER 3M 961103-6404-AR 1
100mil pitch
10 J2 CONN 1X2 HEADER 3M 961102-6404-AR 1
100mil pitch
11 L1 FILTER LC HIGH FREQ Murata NFM41PC204F1H3L 1
.2UF 1806
12 R1, R2, R3 10.0k 1%, 0.125W Vishay-Dale CRCWO080510K0FKEA 3
13 R4 0 RES, 0 ohm, 5%, Vishay-Dale CRCWO08050000Z0EA 1
0.125W, 0805
14 R5 10k RES, 10k ohm, 5%, Vishay-Dale CRCWO080510K0JNEA 1
0.125W, 0805
15 R6, R8 49.9k RES, 49.9k ohm, 1%, Panasonic ERJ-6ENF4992V 2
0.125W, 0805
16 R7 27 5%, 0.1W Vishay-Dale CRCWO060327R0JNEA 1
17 RG 100 RES, 100 ohm, 5%, Panasonic ERJ-6GEYJ101V 1
0.125W, 0805
18 | TEST_PORT 2x9 CONN HEADER 3M 961218-6404-AR 1
18POS .100"
19 Ul Precision 16-bit, Low National DAC161S055 1
Glitch, Buffered Voltage- | Semiconductor
Output DAC
20 u2 Precision Micropower National LM4120AIM5-4.1 1
Low Dropout Voltage Semiconductor
Reference
21 VOUT Connector, TH, 75 Ohm Amphenol 31-5329-72RFX 1
BNC Connex
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Notes
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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 DAC161S055 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 Semiconductor Corporation National Semiconductor Europe National Semiconductor National

Americas Fax: +49 (0) 1 80-530 85 86 Asia Pacific Customer Semiconductor

Tel:  1-800-272-9959 Email: europe.support@nsc.com Response Group Japan Ltd.

Fax:  1-800-737-7018 Deutsch Tel: +49 (0) 699508 6208 Tel: 65-2544466 Tel: 81-3-5639-7560

Email: support@nsc.com English Tel: +49 (0) 870 24 0 2171 Fax: 65-2504466 Fax: 81-3-5639-7507
French Tel: +49 (0) 141 91 8790 Email:sea.support@nsc.com

www.national.com

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 specification.
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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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