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Interfacing the DAC8832 to the MSP430F449

Jojo Parguian Data Acquisition Products
ABSTRACT

This application report describes how to interface the DAC8837, an ultra-low power,
16-bit resolution, voltage-output digital-to-analog converter, to the
Bignal Microcontrollef] using the HPAZ49 from SoftBaugh (hifp://www.softbaugh.conj).
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1 Introduction

The DACB8832 is a single channel, low-power, low-noise, low glitch, 16-bit resolution, fast-settling, voltage
output digital-to-analog converter (DAC) that features a fast serial interface of up to 50MHz clock speed.
The communication port of the DAC can accept 16-bits serial input data that will be interfaced with the
MSP430F449 using the SPI™ protocol as described in this application report. The DAC power supply,
Vpp. provides the power for both analog and digital sections and can range from a minimum of +2.7V to a
maximum of +5.5V. An external reference voltage is required to set the range of the full-scale voltage of
the DAC8832, which can be set from a minimum of 1.25V up to a maximum of Vpp.

The conventional way of using this particular DAC is to add an external operational amplifier on its output
in order to prevent loading the DAC. The DAC8832 output is unbuffered, so the user can tailor the DAC
output error as well as its power consumption by specifically selecting the operational amplifier to be used.
The OPAZ77 was selected for the investigation discussed here; this op amp provides the basis of the DAC
settling time, linearity and other operational factors. Proper selection of the external op amp is crucial to
the overall design.

KickStart, Embedded Workbench are trademarks of IAR Systems AB.
SPI is a trademark of Motorola, Inc.
All other trademarks are the property of their respective owners.
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Hardware Setup Configuration

This application report describes an investigation using the HPAZ449 plafforn for the MSP430F449 and the
DAC8832EVM. Once the HPA449 and the DAC8832EVM are configured properly, both devices can be
connected together very easily. through illustrate the hardware setup for both the
DAC8832EVM and the HPA449 boards.

The HPA449 comes pre-configured with the correct jumper settings from the factory; see Figure 1.

The hardware setup for the DAC8832EVM (shown in depicts the simple diagram of the interface
connection between the DAC8832 and the MSP430F449, as seen in Figure 3.

*
S L
HPAYE

T

Plug the DAC8832
""" ~Here_

Figure 1. HPA449 Hardware Configuration
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Figure 2. DAC8832EVM Hardware Configuration
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3 Principle of Operation
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The MSP430F449 microcontroller interfaces with the DAC8832 using the serial peripheral interface (SPI)
serial data communication protocol via the MSP430 USART1 port. Only two pins of the four-pin SPI mode
of configuration are used. The interface is implemented this way because there is no need for reading any
data back from the DAC8832 or having the MSP430 microcontroller function as a slave (for SPI purposes)
to another host peripheral. Therefore, the STE and the MISO functions in the SPI mode of the USART1
port are not utilized.

The CS function enables the SPI port and latches data into the DAC input register. This function is
accomplished using a GPIO pin, P2.6, of the MSP430 microcontroller. When CS transitions from high to
low, the serial input data bits are advanced one bit at a time on each rising edge of SCLK (on pin P4.5 of
the MSP430 microcontroller) into the input shift register. The DAC8832 receives the last 16 bits of the
digital input word serially while the CS pin is low. Since the SPI mode only provides eight data clocks per
transmission, two write cycles are required within the CS low period; see Figure 4. The 16 bits of data are
transferred into the shift register, MSB first, via the MOSI pin on P4.3 of the MSP430 device. However, if
the CS pin is raised high before the 16th SCLK cycle is finished, the data becomes corrupted.

The DAC input register is updated or the data is latched following the low-to-high transition of the CS
signal after the 16TH SCLK cycle. If more than 16 clocks are generated while CS is low, only the last 16
bits are transferred into the input register on the rising edge of CS.

Figure 4. DAC8832 Serial Interface Timing
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4 Generating the Sinewave Output
The software code associated with this application report (see Bppendix A) is available from the launch
page for this application report on the [Texas Insiruments web sitgd as ELAA337.zig and contains the
workspace and the associated project for the MSP430 KickStart™ version of the IAR Embedded
Workbench™ from [AR Systemsg. Once the code is extracted to your PC, locate the DAC8832 file folder
and open the associated workspace and project. If all your hardware is correctly set up, load the
executable code by clicking on the Debug icon of the IAR Embedded Workbench IDE. Run the program
by clicking on the Go icon in the debug window of the IAR Embedded Workbench IDE.
If the code executes properly, the actual timing diagram of the SPI serial interface will be achieved (see
Eigure §). Channel 1 shows the CS signal with a period of approximately 7.13us while channel 2 shows
the SCLK running at approximately 4MHz. Channel 3 shows the MOSI line (serial data in) transmitting the
16-bit data word; channel 4 shows the corresponding DAC output voltage. The DAC8832 is operating in
transparent mode because the LDAC pin is tied to ground. Thus, the DAC output is updated L
simultaneously with the content of the DAC input register following the low-to-high transition of the CS
signal.
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Figure 5. Actual Timing of the DAC8832 SPI Serial Interface
The code generates a sinusoidal waveform based on the 256 sample points provided as a lookup table in
the program. Once everything is initialized and the SPI port is enabled, the code writes the values from
the sine table into the DAC and then enters an endless loop until the program is aborted. The waveform
below is the resulting sinusoidal output with a frequency of approximately 550Hz based on the
7.13ps update rate.
shows the reference voltage, Vrgr, Set to +2.5V dc as seen on channel 1. On channel 2, the
sinusoidal waveform output from —2.5V to +2.5V is displayed, because the DAC output is configured for
the bipolar mode of operation as shown Figure 3.
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Summary
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Figure 6. DAC8832 Reference and Output Waveform

Summary

This application note presents a straightforward method of interfacing the DAC8832 to the MSP430F449
microcontroller using the SPI mode of serial communication. Using the software program provided in this
application note, a simple routine to generate a sinusoidal waveform (or other multiplying function) is
achieved. Integrating the DAC8832EVM with the HPA449 evaluation system made this task even easier.
Refer to the product data sheef for detailed information regarding the DAC8832. You can also contact TI's
Data Acquisition Product group for further support by sending an e-mail to dataconvapps@list.ti.com.

For questions or information required regarding the HPA449 evaluation system, please contact SoftBaugh]
[ngd.

References

Except where noted, all documents referenced in this application report are available for download from
the Texas Instruments web sitd at fyww.ti.com.

» DACS8832 Product Data Sheet (EBAS380)

» DAC8831/32EVM User's Guide (GLAUIS3)

e MSP430F449 Product Data Sheet (SLAS344)

*  MSP430X4XX Family User’'s Manual (EBCAU058)

e MSP430F44X Evaluation System (HPA449) User's Guide. Available from BoftBaugh, Ind.
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Appendix A

Appendix A MSP430F449 Software Code

Main Code

B R R R R R R R RS

; MBP430F449 Denp - SPI Communi cation with DAC8832 SPI function Using HPA449 v1.1
; Assenbl ed with | AR Enbedded Workbench for MSP430 Kickstart
; Author: Jojo Parguian

; HPA/ DAP

; Conpany: Texas |nstrunents, Inc.
; Used:

; HPA449 V1.1

; DAC8832 EVM Rev 2
; Note: Use HPA449 Serial Port B

chkkkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhhkhhkhkhhkkhkhkhhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkkhkhkkhkkkkkkkkkkkkkkkk**x*%x
’

#i ncl ude " mep430x44x. h" /1 Standard Equations
#i ncl ude "l egal . asnt

#i nclude  "readne. asni

#defi ne DATASPI RO

AR R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

* Pin Assignment - GPI O Definitions
************************************************************/
/* J2 Connections */

#define CSh 0x40 /* P2.6 */

#define FSb 0x04 /* P1.2 */

1A AR R R R EREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

* M scel | aneous MSP430 Regi ster Definitions

LA EEEREEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEEEEE Ry

#defi ne SPI 0x038

ORG 01000h
Sin_tab DwW 32768, 33572, 34376, 35178, 35980, 36779, 37576, 38370, 39161, 39947, 40730, 41507, 42280

DwW 43046, 43807, 44561, 45307, 46047, 46778, 47500, 48214, 48919, 49614, 50298, 50972, 51636
DwW 52287, 52927, 53555, 54171, 54773, 55362, 55938, 56499, 57047, 57579, 58097, 58600, 59087
DwW 59558, 60013, 60451, 60873, 61278, 61666, 62036, 62389, 62724, 63041, 63339, 63620, 63881
DwW 64124, 64348, 64553, 64739, 64905, 65053, 65180, 65289, 65377, 65446, 65496, 65525, 65535
DwW 65525, 65496, 65446, 65377, 65289, 65180, 65053, 64905, 64739, 64553, 64348, 64124, 63881
DwW 63620, 63339, 63041, 62724, 62389, 62036, 61666, 61278, 60873, 60451, 60013, 59558, 59087
DwW 58600, 58097, 57579, 57047, 56499, 55938, 55362, 54773, 54171, 53555, 52927, 52287, 51636
DwW 50972, 50298, 49614, 48919, 48214, 47500, 46778, 46047, 45307, 44561, 43807, 43046, 42280
DwW 41507, 40730, 39947, 39161, 38370, 37576, 36779, 35980, 35178, 34376, 33572, 32768, 31964
DwW 31160, 30358, 29556, 28757, 27960, 27166, 26375, 25589, 24806, 24029, 23256, 22490, 21729
DwW 20975, 20229, 19489, 18758, 18036, 17322, 16617, 15922, 15238, 14564, 13900, 13249, 12609
DwW 11981, 11365, 10763, 10174, 9598, 9037, 8489, 7957, 7439, 6936, 6449, 5978, 5523, 5085, 4663
DwW 4258, 3870, 3500, 3147, 2812, 2495, 2197, 1916, 1655, 1412, 1188, 983, 797, 631, 483, 356, 247
DwW 159, 90, 40, 11, 1, 11, 40, 90, 159, 247, 356, 483, 631, 797, 983, 1188, 1412, 1655, 1916, 2197
DwW 2495, 2812, 3147, 3500, 3870, 4258, 4663, 5085, 5523, 5978, 6449, 6936, 7439, 7957, 8489, 9037
DwW 9598, 10174, 10763, 11365, 11981, 12609, 13249, 13900, 14564, 15238, 15922, 16617, 17322
DwW 18036, 18758, 19489, 20229, 20975, 21729, 22490, 23256, 24029, 24806, 25589, 26375, 27166
DwW 27960, 28757, 29556, 30358, 31160, 31964, 32768
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Main Code

B R R R
’

; Program Code

chkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkkhkkhkhkhkkhkkhkhkkhkkhkhkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkkkkx*x
’

ckkkhkhkhkhkhkhkhhkhkhhhhhkhkhhkhhhkhhkhhhhhhhhhhhhkhhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkk*kk*k**x*%x

RSEG CODE
RESET mov.w  #0A00h, SP
cal | #l nit_Sys
clr.w R6
bic.b #0FFh, &P10OUT
bic.b  #CSbh, &P20OUT
bic.b  #FSbh, &P1OUT
bic.b #38h, &PAOUT
Wite_Data
nmov.w  #0FFh, R6
mov.w  #0, RS
Agai n
mov.w  Sin_tab(R5), DATASP
swpb DATASPI
bic.b #FSb, &P1OUT
the board

nov. b DATASPI , &U1TXBUF
Wai t XMTO bit.b #UTXI FGL, & F&

jnc Wai t XMTO

swpb DATASPI

nov. b DATASPI , &U1TXBUF
Wai t XMT1 bit.b  #UTX FGlL, & F&

jnc Wi t XMT'1
mov.w  #1, R15
Del ay dec.w R15
jnz Del ay
bis.b  #FSb, &P1OUT
incd.w RS
sub.w #1,R6
jnz Agai n
jmp Wite_Data

Pkkkkkhkkhkkhkhhhkkhhkhhkkhkhkhkkkk ok kK
’

; Clear TX Flag
;*******************************
CLEARO
bit.b #UTXI FQO, & FGlL
j nc CLEARO
bi c. b #UTXI FQ0, & FGL
ret

Pkkkkkhkkhkkhkhhhkhkhhkhhkhkhkhkhkhhkk ok kK
’

; Clear TX Flag
;*******************************
CLEARL
bit.b #UTXI FGL, & F&
jnc CLEARL
bi c. b #UTX FGL, & FG
ret

Initialize stack-pointer
Initialize system

256 Sanpl e Counter
Tabl e pointer

; Sine Tabl e Data
MSB first
Assert CS_, which is routed to FS_ on

Transmt data
TXBUF ready?

LSB next
TXBUF ready?

Wait until all bits are
transmtted

deassert CS_

increnent table pointer
decrenent sanpl e counter
Do anot her sanpl e

Anot her cycle

;. TXBUF ready?
;1 = ready

;. TXBUF ready?
;1 = ready

B R R R
’

Init_Sys; Mdules and Controls Registers set-up subroutine

chkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkkhkkhkkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkkkkx*%x
’

St opWDT  nov. w #WDTPWHWDTHOLD, &ADTCTL

Set upFLL2 bis.b #FN_4, &SCFI 0

bis.b  #DCOPLUS+XCAP14PF, &LL_CTLO

nov.b  #121, &SCFQCTL

Set upPorts
; Port 1
bis.b #FSb, &P1DI R

; Stop Watchdog Ti ner

; X2 DCO, 8MHz noni nal DCO
; DCO+, configure |oad caps
1 (121+1) x 2 x 32768 = 7.99 Mz
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Main Code
bis.b #FShb, &P1OUT
Port 2
bis.b #CSbh, &P2DIR
bi s. b #CSb, &P20OUT
, Port 4
bis. b #SPI, &P4SEL P4.3,4,5 SPI option sel ect
bi s. b #SPI, &4DI R
bi s. b #SPI, &P40UT
Set upSPI 0
bi s. b #USPI EO, &VELl Enabl e SPI TX/ RX
nmov. b #CHAR+SYNC+MM &UOCTL 8-bit SPI Master
bis. b #SSELO+SSEL1+STC, &U0TCTL
nov. b #02h, &UOBRO
nov. b #00h, &U0OBR1L
nov. b #00h, &UOMCTL
bi s. b #UTXI EO, &P1lE
Set upSPI 1
bi s. b #USPI E1, &VE2 Enabl e SPI TX/ RX
nov. b #CHAR+SYNC+MWSWRST, &U1CTL 8-bit SPI Master
bi s. b #CKPL+SSELO+SSEL1+STC, &U1TCTL 3-pin SPI node, SMCLK
nmov. b #002h, &U1BRO CKPL+CKPH gi ves SCLK idle high and
dat a
nmov. b #000h, &U1BR1 sanpl ed on the falling edge of SCLK
nmov. b #000h, &U1MCTL CKPL gives SCLK idle high and data
bi s. b #USPI E1, &VE2 sanpl ed on the rising edge of SCLK
bic. b #SWRST, &UICTL CKPH gives SCLK idle | ow and data
sanpl ed on the rising edge of SCLK
ret
ckkkhkhkhkhkhkhkhhhhhkhhhkhkhhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkkk*k*k*k*x*x*%
COVMON | NTVEC M5P430x44x | nterrupt vectors
ORG RESET_VECTOR
RESET_VEC DW RESET Wat chdog
END
8 Interfacing the DAC8832 to the MSP430F449 SLAA337-0October 2006
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