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Development of High-Speed Active Vibration
Control System Based on DSP320C6713

Microprocessor

Dong-yeon Ko

Department of Mechanical Engineering

Graduate School, Korea Maritime University

ABSTRACT

In this thesis, | have developed a new actuator driver of high—speed
active vibration controller and made real-time active control system.
This system included fastest processor in the DSP series, a
Piezoelectric(PZT) driver, PZT actuator, and sensor. The system was
developed to have very fast loop time for application to active
vibration control. Also, a stable electronic control system was
composed using PCB and a portable control system packed in a
small box was composed for a practical purpose. This control
system was upgraded from the previously developed system since

multi—-input and multi-output signals can be interfaced. Using the



developed control system, an active vibration control test of a shell
was performed, and through the test, the real-time control

performance of the system was verified.

Key Words : Active control, DSP, MIMO, Piezo actuator, Microprocessor
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A A28 Main controller®} Controller cell Fto.2 U5 oA
2Tt 223l Controller cell ¥ Main controller®} §41S d3= QIH
ol i3 PZTE Fsote dFFellol8 =gto|H(Actuator driver), L]l
PZT ZAAZE o]FoZt}. Main controller= TIAFS] 32bit A& ZEAA <
TMS320C6713& ®AIg DSP Starter KitS AFE-3I3th DSP AEZ# &
16Mbyte2] HWE & (Memory)2} 512Kbyte] Flash HWE&7F WAE o] ¢lal
USBE ©]-&3 JTAG PortE AR&dtel T2a3s &4 & 4 Qit}. DSP A=
EelY 54 t53 Zoh

- RISC +%x¢] 32bit Floating Point Processor

- Advanced Very Long Instruction Word (VLIW) TMS320C67x Core DSP
- 225 MHz, 1600MIPS

- 8KByte 9] L1 Cache ¢ 256KByte ¢ L2 Memory

- 32bit External Memory Interface (EMIF)

- Enhanced Direct-Memory-Access (EDMA) Controller

- 16bit Host-Port-Interface (HPI)

- GPIO Module with 16pin

- Two 32bit General-Purpose Timers

- Flexible Phase-Locked-Loop (PLL) Based Clock Generator Module
- 16Mbytes of SDRAM, 512Kbytes of Flash Memory

- USB host interfaceE ©]&3% JTAG emulator
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Fig 2.1 Diagram of main controllel

Fig 2.1 TMS320C6713< #A23 TMS320C6713 DSP Starter Kit2] U
o Fx2E vk adeolth a9 std #HS5o] USBEXER PC DSPF1He]
JTAG olEdelde] 7ledtal, DSPH #5¢ CPLDE HE=4o] =9 AHH
Atk 2 A Aol z)elA ALgEE A2 JATGH DSPH, 2

2Jal CPLDO| dZ2¥ DSPE| o]=d2g) ol W27k AFEH T

Ce7Tx Family
Address Memory Type 6713 DSK
0x00000000
Internal
Internal Memory Memory
OxQ0030000
Resarved Space Resarved
o ar
Periphaeral Regs Peripheral
Ox8a000000
EMIF CEO SDRAM
Ox20000000 ; Flash
EMIF CE1 CPLD | oxsoosoo00
OxADD00000
EMIF CEZ2
Daughter
0=xB0000a00 Card
EMIF CEZ2

Fig 2.2 Memory map of

main controllel




Fig 2.2& Main controller®] W4 Memory mapS YERH 13 o]t}
Memory mapollA] CEO¥ CE1S RAM¥} FLASHS o] &dxo] ¢lir, A]~H
ol = CEOS AF&3le] o x|} AZdsA Hrt.

Fig 2.3 DSP320C671:DSP starter kit

Fig 2.3 DSP Main controller® A}gelt}. DSP HAEEZ# ]
EMIF(External Memory Interface)& AF8£3}le] Control cell#2] 418 43
stAl €nh A= C6000 ALY A& HALHS Code Composer
Studio(CCSE AFE3}A T DSP320C6713 DSP Starter Kit®] 7+ v

i

- Texas Instrument's TMS320C6713 operating at 255 Mhz
- Embedded USB JTAG controller with plug and play drivers,
- USB cable included



- TLV320AIC23 codec

- 2M x 64 SDRAM, 512K bytes Flash ROM

- 3 Expansion connectors (Memory Interface, Peripheral Interface,
- and Host Port Interface)

- Four 3.5 mm. audio jacks(microphone, line-in, speaker, line-out)
- 4 user definable LED, 4 position dip switch, user definable

- +5 Volt operation only, power supply included

- Code Composer Studio for C6713 DSK

- "eXpress DSP for Dummies" book

- USB Cable / AC Power Cord(s) and Power Supply

- Technical Reference (includes schematics) / Example Program

4 /C6713 DSK/CPU_1 - C621% - Code Composer Studio - Not Connected - [my_test.c] &) x|
€p File Edit Miew Prolect Debug GEL Option Profle Tools DSP/BIOS Window Help =18 x|
BEE[rmR| o o Bl (@ |G g EE( A% A

[my_test, pjt =|[Debug ﬂla@ B |'§T| Al ‘ﬂ | L}‘*% ‘ .f& |

Ble | 0 EmEEEA |

&1 -§— P =
L: ?JIE;EUHES unSignes Int oid o8 :1
[} & 53 Projects sl gaed Int aJd_Jcrr,:

i El-ﬁ my_test.pjt (Deb unsigmed Int odd fer

b of 5 -

™ g gsgﬁgﬂ;&fmﬂ unsigned int ad_datal = 0;

o .31 DSP/BIOS Conf unsigned int ad_datal = 0;]

% g fii?fé?e'j Files #define ADCO *(unsigned volatile int *)0xA0000300

t @i Libiaries #define ADC]1 *{unsigned wvolatile int *)0=R0000304

* 59 Source #define ADRO *(unsigned wolatile int =) 0zA0000200

& A — #define ADR1 *(unsigned wvolatile int *)0xzA0000Z04

3 ¥

= 3 E g #define DEWO  *(unsigned volatile int *)0xA0000214

B al. 11020 #define DAWL *(unsigned wolatile int =) 0xzA0000Z18

#define TEST * (unsigned wolatile int *)0xzA000011C

#define DAC_INPUT GPVAL &= OxFFEF

= #define DAC_LATCH GPVAL &= 0OxFFDF

‘- #define DAC_NOC GPVAL |= 0=z0030

&
— void main(void)

{
GOl
< | CrClT 4 Y B e 50

_D s il | _'_er
=l

[Linking...] "C:~CCStudio_v3.INC6000Neytonlssbinvelbx" -@"Debug, 1kE"
<Linking>

Build Complete,
0 Errors, 0 Warnings, 0 Remarks.

-

JATATETHT, Buila £ [ ERNE
9, o [UNKNOWH | File! CCCStudio_vd, 14hyProjectstmy_testitmy_test o |Ln g Cal 27 |

Fig 2.4 Code composerstudic



Fig 2.4+ Code Composer Studio(CCS)2] g #H o]~ 3pHS Yehd Al
o]t}. Main controller?] DSP320C67139 T 21w S 37]¢s] wHE9f
Toolo]w CHo] @ ojMEg dojz FAH AAmC s F3 DS
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4= AT

A s F3 A FxE FREH JE S Aojste= A= NASACA 74
HFEIMB557 S1 Typed Micro Fiber Composite(MFC)E AR&3FS T 3F A%}
o AdH-et R WAEol i, Fidd = Fo] glo] el FAo

golstt}. PZTe 542 Table 2.13 o, Fig 2.5¢ PZTY ¢&& e

Table 2.1 Feature of PZT sensor/actuator

overall dimensions 110[mm] X 75[mm] (4.3" X 2.9")
active area (actuator) 85[mm] X 50[mm] (3.4” X 2.0")
active area (sensor) 85[mm] % 3.5[mm] (3.4 x 0.14")
IDE spacing 0.5[mm] (20 mil)

capacitance approx 12[nf']

PZT type Navy Type 1I

max voltage -500[V] to +1500[V]

max tensile strain 4500 Part Per Million (ppm)




Fig 2.5 PZT sensor/actuat

s 971 9siA A/D B2V FUHA R desta, PZTE Alojstr] flaf
EEYe] WHS HMIAAFTE D/A =271 glojof Hrh. TIAFe] 16bit <
ADS7805% DAC712%5 AR&eto] z42ke] Qg o]~ Fi& Falskaint. 1
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A 3F 4d 22 2 PPF

ol

3.1 rdAAe] LA Wgle] et ma

etAd & I(Piezoelectricity) = 1009134 Jacques Curie®} Pierreo] & <=
Ao Agxde] #3 AFZEEH TAHoH o] AAEES o5, AL

TR S ookl ol gHo] stvh hdAlRe] b HEL A4 7]

+ strain, st 99 9 BA compliance, T+ £, d
, Ex "9 do|dddS Yeh= AAME, DE dA5EE, &5 ¥4

depdiely, e fd&s Yekdvh 9 HA E, T 22 dA7F dAshA

X,
L °
Ju
)
.

U zerodulo} o] AASAY zerod wlol & on|Etl 9 AolA
T=0, E=09] A%+ 43 o] xdHT

= AA o] vd3 strain, <o BH 3 AA 7} Adolx= How T
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B
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LN

o5 T+0 =
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Table 3.1 Equation of piezoelectricity

S(strain), T(stress)
D(dielectric displacement), E(field strength)

s T +dE

S=

dT +e'E

D=

cES+eE

T=

eS+e’E

D
S

S°T +gD

E=-gT+4™D

T=c-hD
E=-hS+8°D

A

o Froll ol B = A d33

g

NASA Langley 740l 7§

ol o] B +=

=
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MFC #
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Fig 3.1 THUNDER actuato

QITHUNDER Z}-5 7]

el
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THUNDER #5719 &
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3.2 PPF Alo] <]+

Aol A A2l zbzhe] ol thgk Atk /A ow Askst
th o7]A AREE Ale] YaE]Fe PPEFYaLE|Foln AlA A
Z}o] zkoll Single-Input Single-Output PPF Ao &ag]&S AME3)
2o Agdster 333

ﬁ

2
2F

S +20 0, +w’ (3.2.1)

H(s) =

714 @i e} Cri Zkzt PPF wogs| o] W Fugeh 2haidjolnh A

Ao PPFAo)7]= @i & dI F&E2 IAeTet dAANOEZN 5F
s A g olFdrh A(3.2.1)E x£dAHE PPF Ao7le HAARe AFds
<% 4¥ 3=e o FH7E s stk wEbd OP AmpE ARESRo] opd®m Il
PPFA|o17]9] FAo] 7hssith. 21(3.2.1)& UXE Aloj7|2 Adslr] 9
oS3t 2 Bilinear H$-S ARSI

B

T, z+1 (3.2.2)

o714 Tse tx" Ao]7]9] Sampling A7+ YERITH Borde Qo7

H(z) =
(2) 2’ +az+a, (3.2.3)
o714
oF 20° w?
T N

15



_ (wa -TSZ)
a = A i
4 Mo,
~ ﬁ_ TS a)f)
aO = A ’
4 4Cfa)f
A=(=+ +o?
TR (3.2.4)

(3.2.3)21 % olAtsle Fej2 A oy 2
U = -l - 8oy, By (Y, + 2y, +Yy) (3.2.5)

ol71A Y= AlAe 949 ;s JEH Y Aol &S on gt
283l g, a;, by ASolth YA PPF Aloj71E A o M T
& gt Tod 2 g gAY lojr)e Ay o] " fAd

PPF Alo]7|7} &4 oz z5elr] e M &

1B
)
2
2
=
oy
r (o]
™
offt

mee uf AEFuch Wl dok i g, ©iE FFT & Abgshol
2 "tk (3.2.5)48 C I Som Zaagy wHo tAY Ao A&
o},
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Al 4 & Control cell

4.1 Control cell®] T4

Fig 4.12 o]¢ %2 F4o= 4% A2"s vehddth shue] 4
Ao olele] dasgt A/D9 D/AZS FAES svhel Control cell®2 R E3}
(module)ste] 7433kl A/DellA == xF9] vloly ¢t D/AR F+ &
2 dolgx shte dolE HA(Data bus)E o8k, Z-2te] Control cell
o] Melx g HolAE HdelE T3 BE(board)S TATIY] HE Aol g

g5s Aitste HEEH 7179 Control cellibe] JAH I o] ~E HHstA
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4.2 AA ZHH

H Ao AFgH M8557 S1 Typed Micro Fiber Composite(MFC)<]
g A FREAM HHE of +0.25[V]d B3 vk aga AEF A
=

o] the¥ata, WASHE wol=® QF) FE ] Algo] Ertyl &

O

150[Hz] ~ 2[kHz]¢] A& E SHAI7]|& M=
oo DHE AMEsIgen, 28 A4 FxEAAY F9S Hud A/DYY o
SEZER AAEA

ZdEjo] A" OPAmp AAH= OP07 27024 T4 stk OPO7el  1¥
Ao W= 0 ~ £14 [Vielar, e Fwxs Welw= £3 ~ £18 [V]o|th
Fig 4.2 OP07 2702 TAg HE ot}

0 Cap
C g 1]
i Hz Il

T M

g n

i W o i T
[1 1 Hz - —PNFFSHN1 UFFSH\.tEE T IC\” SR posverwamy I o
- B 1] 7
AT q [N+ ouT 5 ‘ il [N- et § sensad
e N —H BT [N+ ouT
senzor) CAR KR 4 Yo m §
e CAP NP =
0r
G ap
[ W ap
Il i H i
Rt g
i i R g
J4 13 1 1
2 nd - CH i 4
[1 1 Hz i — lnNFFSErNI DFFSI:'\'FJ:E 7wy lc‘w o rrem UFFSEFNZS—EMN
' 1] 7 A
My q M . \ B IN- Vo sy
sensirl LA NP e N AV 4 ‘\,';+ Uﬁg 7
oA CAR NP - =

Rl

Fig 4.2 Filter circuit
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4.3 A/D Qe H o]~

PZT AlAoA o=

e
iy
Y
EO
o
>
~
vl
i

S T3 YAY ez WIAA
Main controller® HWA ZFt} ADS7805% old=1 HALLS 16bite tyxd

grez v Fa £ 10[V]e] Ak WS S48 5 ok PZT AlAMoAM He
= A 1[V] Ao Agte] S¥Hnz F23 SAY & a9 A

°] 42 &= PZTolAE Op-Amp
= TAsIH. ADS78059] 542 v ZHH[16].

Gl

>~
>
ofo
ol
2
Y
1A
o
of\
|
P‘L
&
|y
o
ok
4>
30
k1

*

TI AF2] 16bit 10us Sampling CMOS Analog-To-Digital Converter

*

100 KHz min Sampling Rate

*

Standard +10[V] ~ -10[V] Input Range

*

Pull Parallel Data Output

*

Uses internal or external reference

*

100mW max Power dissipation

A/D W37 = o=~ gFQl(Address line)¥ ©lojE #}el(Data line)g %
3 AEZH S BA1S sta EMIFS] CE39 Y-S AM&3to] 42 Mappingdh/l
“. =3 100[KHz]9 Sampling rates 7FA|al gomz 10[4S] TG =
NEHoT AFo #He 54T 4 v Fig 4.3 ADS78059] WF F+x2E
bl 29 olt}. Fig 4.3914 +10V Input> A/DABEZE eloj=& Aol <l
7hE = Stolth R/CSF /CSE A/Del WHS Fo YdE=He Ads Y, ¢
of=d S diolE #Fole® AF & 4 drh. BYTES of7]d ¢&u= =
gkol 1917F O7Fell whebal dlold ziele] /49 HIEMSBI9F Hshel HE
(LSB)e] A& A 4= 9}l /BUSYH-S A/DAHEZF 458 dAtS WS

s B9k lowdhd ] ol high@e shu vk o] We APL M
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O 3T —
Cogue AR Hele] But A7E delFE Row Agur)
-~ 7T
Clock Successive Approximation Register and Control Logic cs
—+—— BYTE
[—= BUS3Y
N CDAC
20k j X L Qutput 3-State
, . Latches Parallel
+10V Input B 4{ —{ and [ % Data
10k <4k | T 3-State Bus
Comparator Drivers
CAP O 1
Buffer Internal
+2 5 Ref
4kn
REF o I
Fig 4.3 ADS7805 block diagran
Table 4.1 A/D operation
/CS R//C |/BUSY OPERATION
1 X X None. Data bus is in Hi-Z state.
l 0 1 Initiates conversion "n". Data bus remains in Hi-Z State.
0 l 1 Initiates conversion "n". Data bus enters Hi-z state.
Conversion "n" completed. Valid data from conversion "n" on the
0 1 7
data bus.
! 1 1 Enables data bus with valid data from conversion "n".
! 1 0 Enables data bus with valid data from conversion "n-1". Conversion
"n" in progress.
0 1 0 Enables data bus with valid data from conversion "n-1". Conversion
"n" in progress.
New conversion initiated without acquisition of a new signal. Data
0 0 1 will be invalid. /CS and/or R//C must be HIGH when /BUSY goes
HIGH.
X X 0 New convert commands ignored. Conversion "n" in progress.
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Table 4.1 ADS7805¢] Hiirdel 7Aoo d= A R/CS /CSe
oE ZEel /BUSYR S AEIE #EAIgE Aotk DSP= ADS7805&% R//C,
/CS, /BUSY 3709 Wlow AEZ 374 "} FoA ‘X A= 79 Agd
o] gl Aol

2000 0

33.2kQ '(;' _E2.2|.1F

+
L 2.2uF

-]

+5Y

27

— 0. 1uF 10uF

26

El o AV VA
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24 RIC
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9
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15]
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Fig 4.4 ADS7805 basic operatiot

Fig 4.4 ADS78059 "ol 7=l ql= 78059 7]#2<l 3= T4
S YER Zojth. a9 #FH9 AAEF AdAEC] e FiEe] ofgR T gt
S A7betE FEolth dF 9 AdNAEC] v > ADS7T805 Fw Y
A7FAZ]= 3olw BOHEl BISAELS o= e Wdsle] txd oz

Folun o] REo] A= Table 4.1014¢] W&ol we} WalA #

o
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4.4 D/A Q€ H o]~

Main controllerdll 4] Ao} gk& 16bit gto=2 Fgo] Hr} o] AT & ofd=
o= vl Sl D/A AWE7E Zesit 2 AdTelA = D/A AWEHE
TIAke] DAC7125 AH&33ith DAC712% 16bite] tAE s
gor =98 = goy, 99y 03 22T F J=F Hod l
& Alo}7]el A Main controllerdll A Y9 Ao} 3h& PZT AFddo]E =glo]
Bl 2ol opdma grow WEksh= Jds k. AREE D/A Chip?l

DAC7129 EA 2 o3 2171,

olr

X

Iy

*

TI AF2] 16bit Digital-To—Analog Converter with 16bit Bus Interface

*

High-Speed 16bit Parallel Double—Buffered Interface

*

Voltage Output : +10[V] ~ =10[V]
Gain and Offset Adjust

*

*

600mW max power dissipation

*

16bit monotonic over temperature

Fig 4.5 DAC712¢ WX +x& YElH Block diagramo]tl. W= ¢
s AR Aste dAlatch)3 =7F F JHE HolglaL, ol & Alofst=
A /AcSE /Are]l Ak o Ae] AElel wEl fEE 16bitghS A B¥el A
ot v HEE g 97, S9AdS 28ske ¥R FdsA dh
+10[VIelA -10[VIZHA 9] i 91E 5[V/#S]9] Slew rate® Transition

o] 7bsatr = FHuof 4[4S ]9 Delay7b A gt}
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Gain Adjust Vrerout Ve -Vee
[ 5 7 8
+10V
Reference

v

Di& Switches

500
4 Bipclar

Offset
Adjust

<7500 Aal

r 10kL2

L

| | | 3 | Vour

16-Bit D/A Lateh

16-8it Input Latch

>

I EHEEEEEEEEEEE E

DB0

DB15 ACOM DCOoM

Ls3 mss
Fig 4.5 DAC712 block diagran
Table 4.2 D/A operation

/Ao /Ay /WR /CLR DESCRIPTION

0 1 1-0—-1 1 Load Input Latch
1 0 1-0—1 1 Load D/A Latch

1 1 1-0—-1 1 No Change

0 0 0 1 Latches Transparent
X X 1 1 No Change

X X X 0 Reset D/A Latch
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Table 4.2 DAC7129] "ol 7IAHoAUE 7125 Alolstr] #13+ /AO,
/A1, /WR, 18] /CLR ®E9 AEE WS veld Flo|th ADS70859] A
Wil o] X e s AdstA ¥e te Z¥eH (1-0-1'e vE
Aol AEE FAs Ao FHE TdA ‘0o® "dojhdurt oA ‘TR vk=
FAlolth et 2 Aol E o ZM DSPO ©lolE B o4 DAC712¢|
OA" s ZUAY DACT127F gAY e o2 goz s &

rr

PN
T A
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4.5 PZT Actuator amp driver

B ATFoIA AREEE PZTS M8557 MECAaA= &
D/AGIA veE Ao ANZE
Driver2 APEXAFe] PA97S AH&&}Ith PA97L
+450[V]e] 8-S 9 471 A, 10[mA]7HA

8[V/H4S19] Slew rateE 7}A 3 a1, dwkAl Ampel Zo

go] ZrekatAl Qe
o] =ske] ARG 4= Ut

T

Az é <A =L A
\\ 1] T &F
DVTE .
0% m—|ﬁﬁ =Rk
@ L] )
ccA
Qi10B
R10
Ra
s [Fan 2
+I1rd

Bl
F o1s
o4
Fnss}—‘ %FHB
—Ws
@ | |

Fig 4.6 PA97 equivalentschematic
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Fig 4.7 PA97 basic circuit

Fig 4.63} Fig 4.7 PA97¢] "ol 7|AEFUdE PAI7E WH Fx¢}
712 3A 3 2E vepd 2ot [18]. F 2ol 10T 12¥H-S PA97

om B Aol A8E agte] A AvteE Fol

Re'9k 'R'e] A7]9] HIZA FHE5s AL 5 At 2dHdAAMY FFHFES
“Re/R'7He T o] AL g el A Algets 7] o] 3=zola & dAF-ellA
Aei7] i g well= o ZHA FEE Al skt

gzttt 100[VI7h 9 A4EFS Astel DC-DC AWEE Agsts Wy

Z4o] 7}s3F Slidacs AFE3FtE. Slidacoll A Y A4S Transformeroll

dHste] 2709 Aste a7 JHe] At 44 BEA] golerxz A

ARt Bg 3 ZolA 2719 DCHYom FHH A 2doA 9] fgdow

27



Fig 4.8914 $=o] 938 o] wH AUS zA3s= Slidacoi FHZo]

1A% A o] Transformero]tt.

28



4.6 Control cell®] PCBA|Z}

Control cell®] PCBE Azttt AA gl dist d¥, A/D(ADC7805),
D/A(DAC712), Z1#]al PA973|ZE 3ahute] 7ldow AAstgint. A7l
A/D¢ D/AE 3 o g o] 43183 2 d8 o8 AAsil e Fig 4.9+ 2
g Control celle] PCBe] E&o|t}.
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Aol dasit}, ey = 12VE digdelH (regulator)?l 78052 5VE THs
o] BEHQl 741389 A& FHSIATE Fig 4.102 A% S 2Eolt.
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Fig 4.10 Supply circuit of control cell
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4.7 Control cell AEE Xz 127

A/DSt D/A®] <QIEFe]2 32 74138 270E o] &3st3iom DSP
address pin 4pin®} data pin, GPIO 4ping AF&3}3t}. Fig 4.1194 #=3}
ol DSP¢F dAZdx= B g9l &yt o oj=da Aoge Yah
(74138)5 AEZ 2+ J wt} /RC A5 /CS A5 E SI7kgth GPIOR
27W= A/De] /BUSYH-S A=Ak},
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Fig 4.11 A/D and D/A circuit

Ay e oA v A2 ADS78059] 19 & ol )& 200[Q]A ol
Ay, A7 7R 7} o2 2 Fitol dldE . Main controller®] o= 3
Zold A2,A3,A4Z 271 741389 1,2,3H wate] dAAstm A8I A9 pin
741382 6% Hol| Zt7 A4l A8Z A9Wle] Jeol wEl 74138& A E
g dom A2FE A4 AHC we damde 98 A4 & 4 drh
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741389 Z=d"oE= ADS7805¢ /CS #A /RW Ho] AALE 1 DAC7129

/RW Fo] AA=x g, e 7247+e] A9 chip selectE 98 C Z=
(code)o]tt.

#define ADCO *(unsigned volatile int *)0xA0000300

#define ADC1 *(unsigned volatile int *)0xA0000304

#define ADRO *(unsigned volatile int *)0xA0000200

#define ADR1 *(unsigned volatile int *)0xA0000204

#define DAWO *(unsigned volatile int *)0xA0000214

#define DAW1 *(unsigned volatile int *)0xA0000218

EMIF¢] 0¥ #Y(channeD)S Ab&8F= = OxA0000000F-E] ALg3tH F T,
ADCO¥ ADC1-> ADS7805¢ 4=¥l #skS AWM E(convert)E Al &Fs7] 918
Aoln], ADRO¥} ADR12 HAWME F S dHoJE oz HE ¢lo] =g
& Aok, DAWO DAWLL 2H2ke) DAC7125 ¥ str] $13+ sloln,

71

- =t ||t = =tz = =t
s STNEEEEERE D) IERREEREE
Rei i SNRSREEEEEII I AN
-—t1—-
cs | \
- -q—tg
BUSY b
—| =t
MODE  Acquire Convert Acquire
- t, -
DATA BUS Hi-Z State * Data | Valid Hi-Z State
= =ty -t

Fig 4.12 Using /CS to control conversionand read timing
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ADS78055 HEEZEsh= WA 7 7HA7F b sk /CSE AFESHA] &
= A /CS A ARESks Aol vk xxke] WA 171e] ADS7805%8

ARS8 Baolal FAke] WA vere] ADST805F Aoid wf ARE-
Al
X

4.12% /CSE AHE33lS we) A/D AWME glolW S Yelyidet. 722 19
2 HMEL oA ADS78059 AEEZC Had R//C, /CS, /BUSY #<
FHE dEb Aela Mol ofefR 1ojA gloW Flro] ‘0'e]al fE 1ojA

oW <I7kE o] ‘UelghE molelth VtR FS AMHoR HW Hrh
MODE®] A%+ ADS7085¢ AHE dEW™ DATA BUSO AHxEe
ADS7805¢] ©lolE ol AEHlE uUekdth t1FE t147hA 9] AR
ADS78059] wjwdel 7] otk Fig 4.122] o]y i= ARE3l7] $18 C

A= vad g

#define GPVAL *(unsigned volatile int*)0x01B00008
0;
0;

unsigned int ad_data0

unsigned int ad_datal

ADCO = 0;

ADC1 = 0;

while((GPVAL & 0x0080) == 0);
ad_dataO = ADRO;

ad_datal = ADRI;

F=oA GPVALES DSP9 GPIO(General Purpose Input/Output)’} &=
= GPIO #d &35S Yz ¢48Hd g+ A AHE el & A FH
(register)o|t}. Fig 4.120]4] B x Lo /CS A3 R/C & o] low’} o
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ofgtt}, ADCO F2ol 0o]2h= #e 2w o= A ADC09 FA ko]
=99t a2gla ¢ Fof deoly AoA 05 E93th. ADCO9F ADClE %
Aol stA 2709 Ade] ADS78027F MED S ALl whilew g2 A
Z9o] H7|Z 7|tEE B4 2 ADS78059] /BUSY IEo] GPIO Heo] A4
wojglel Fig 4.12014 A5 /BUSY o] thA] highgke] HA=AE &ela)
codeeltt. MEF EFo]l Ly AZHE whiled B9 7Itkd & /CS
low= WF=T ADS78059 #< ¢S + At} codedl A= w2 ad_dataOz}
ad_datalolgl= W5 w53 ADROZ ADR1S o]&3te] #& A3

Fig 4.11°14 DAC7129 42 =9 ASlgain)¥ 0F =4 32E Al
3| 2o|th, & AFoAeE A FFo] glormz Aetgltt. Main controller?]
DSP320C67132] dHlolH #E2 DAC7129 dloly o] A% ojlar 74138
o] 9% 3shvhe} DAC7129 /WR A <d4siqltt. GPIO 3 27/1E 717}
DAC712 Z}2+¢] /A0S /A1 Aol AAdsksitt.
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rl
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Fig 4.13 DAC712 timing diagran

Fig 4.132 DAC7129] vy dell 7IAE DAC7129] A% o] Elo]WS YEA
agoltt, /A0, /AL, /WRe] 3719 Ho] 7t WMo wel dolg ADO ~
D15)¢] Aef W3S Jeld zolm DSPolA DAC712E29 AEE Wu#He 9
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o} o] Elol Aol wiebol vk Epolw Aol whE DACT712¢] #3 C
=

#define DAC_INPUT GPVAL &= OxFFEF
#define DAC_LATCH GPVAL &= OxFFDF
#define DAC_NOC GPVAL |= 0x0030

DAC_INPUT;
DAWO = ad_dataO;
ad_datal;
DAC_NOC;
DAC_LATCH;
DAWO = ad_data0;
DAWI1 = ad_datal;
DAC_NOC:;

DAW1

F=o]4 DAC_INPUTI} DAC_LATCH:= DAC7129 W o=® Fig 4.130]
LR A0S Ale] BHIE Rl FE s dth. DCANOCE AOFALS B
T high®? WHEo]FE= WMol A& DAC_INPUTZAM Fig 4.139] Elo]o]
wheb AOSFALS WA v DAWOS DAW1E Ab&3ke] 74138914 /WR
o] ZelE wHrolEth 1elal DAWS] Fael s 2= Ze® HolE A
grol vrebdTh. o8 Al DAC7129] iAol s ¥ar A ¥ s ofdE
grow =¥sl7] ate] A0F Ale] AElE DAC_LATCH® v DAWE
ThA] ALg3Fo 224 DAC7129 /WR pinell A&& =t}

Fig 4.14= Alo]7]oll AR&¥ 2t AmpSl PA979] 3| Zolt}, HvbHd
= A A AFE ol&ste] SHES 200® gk, D/ACA =4
grol £10Velm & a1 £200V7HA] FF¥ #sgte] vtk st do A

il

HU

3]
5=

-
T
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Fig 4.14 Circuit of PA97
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5.1 284 AloA~

A 5 A A2HY S AF

5.1.1 ¥ A¥
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Fig 5.1 Filter test resul
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Fig 5.3 Cylinder shell structurt
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