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Design and Implementation of a FPGA Position Control Chip for a
High Speed Voice Coil Motor

Student : Po-Ming Wu Advisor : Dr. Shir-Kuan Lin
Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

In this thesis, a FPGA(Field Programmable Gate Array)-based Chip design is
taken to implement a position control chip conceptual core for high speed voice coil
motor(VCM) drive, and the control chipiintegrate digital logic IC and Nios II process-
er in single FPGA chip. The function of the digital logic IC includes analog/digital
Converter and digital/analog Converter. And the fumction of Nios II processer in-
cludes speed-loop proportional-intégration(PHreontroller, position-loop proportional

controller, ane position estimation algorithm.

As for the experimental setup and related system collocation, it is construct from
the Altera Cyclone II Nios II development board of the core concept for controlling a
VCM, and peripheral circuit boards for motor drive, signal regulate, signal sample,and
signal output function. Besides, it demonstrates the effectiveness of the proposed
FPGA-based control system for the performance improvement for VCM drive can be
achieved by adjustment of the conreol parameter and measurement and analysis of

experimental data.

The results of this study, the responsed time needs about 60 ~ 80 ms with the
10% steady-state error; the 10% steady-state error is caused form the defects of the
magnetic scale such as the variations of the amplitudes of the MR sensor signals. The
maximum current consumption of the VCM in this study is about 30 milliampere (mA),

this advantage can save more battery energy of the DVC.
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[ 3.9: JEHIFA 57 i PR S o T L B

3.6 ZH LS AT B % (A/D Converter)

8L (P (A/D Convebor) FBIBIBE Rei (742 3045 2 Wt DR 0 5
i A i 1 E&ﬁx’m%ﬁf‘ ;',}@@ﬁ%m%ﬁM{  $t

C BUYE FS ADTS96 > ot — SEUIURE Bt O IE Y 12 i 70 1 e 1) 080 L i W
m’@m%JMZ%@%Xx ORHz( {550 5 M 208 ) - 201 L Wi ARG 101 53
OV 3 5 .5V » K L A 8 13 S 37 LB 1 M 40 T 5 8 BORD -+ 520199 R I B
B B S 5t o ST B A 3108 1 -

Ej.fei!l:mfler Nios 11 DABRHY ——
E| & % | Development :> ;Cﬁﬂg'

Board
Gt
R ﬂ
e R )}ﬁ@DA
fﬁ@&@&ﬁ
R

Nios IT

Processor

[ 3.10: AD7896 & % 2 it [
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AD7896 45 8 {ii Pin fil > B 3.115 AD7896 Al 17 B1ThHHE HHEE > % B A7
StHHAN R 3.2FT 78 -

UDD
e

AD7896
TRACK-AND-HOLD
Vin[1] o 8] Busy - 12BIT
YTz [

von[2| AD7896 [7] CONVST ADC

0ol2) 1on W L
AGND| 3|{Not to Scale} | ] DGND -
SCLK [ 4] SDATA OUTPUT

hvaTC REGISTER
CLOCK

AGND DGND  BUSY SCLK SDATA

3.11: AD7896 Ml (v7 B I 5E 7 B [l

% 3.2: AD7896 7% MIfizh e

Pin No. Description
1 (Vin) Analog input.The analog input range is 0V to Vpp.
2 (Vpp) Positive supply voltage. 2.7V'to 5.5V.

AGND) Analog ground.

SCLK) Serial clock input.

DGND) Digital ground.

CONVST) | Convert start.Edge-triggered logic input.

(
(
(
(SDATA) Serial data output.Serial data from AD7896 is provided at this output.
(
(
(

BUSY) The BUSY pin is used to indicate when the part is doing a conversion.

FH A AD7896 12 12 7 JC [ 28 L 5037 d= # 1C > [A] 0L 5 28 Lt AL 0 1B 75 OV
& 3.3V 0 PG BT E AL 5 0.81mV(3.3V /4096) 0 2 3.3F% AD7896
& KA L BT A S
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7< 3.3: JHLL B AT 5

Analog Input Code Transition

3.299194V | 111...110 to 111...111
3.298389V | 111...101 to 111...110
3.297583V | 111...100 to 111...101
0.002417V | 000...010 to 000...011
0.001611V | 000...001 to 000...010
0.000806V | 000...000 to 000...001

3.6.1 AD7896 7 ¥ {F 5 =, Bl g Ee

AD7896 AT Wy il R /E I 2 2 (1) High Samipling, Performance 5 (2) Auto Sleep

after Conversion ; {F A 5¢ 1 32 HI Ay Bl 20 5 High Sampling Performance » H
Wy J [l 20 [ 31207 7~ > B VERRE BH A [

CEEELIASR A LLE > el CONVST JAI{Z HH high % low » AD7896 [ 4

jﬁé o

e

. BB BUSY {32 FH low %# high > BHAGHEST N AL EH#E > TR 3 W » B &
o g i 52 > BUSY JAl437 FH high % low ©

- SCLK & 16 flil J7 3 » PAAAHET T # A1 A L &R B 1 -

tconvenT = Bus

fate =] t; = 40ns MM
Tc
BUSY ¢ |
1
: 4 | 400ns MIN —a—y
SCLK ! ! :
T
| ' ' : |
l——— tcomveRT =8us 4": I I :
1
CONVERSION IS CONVERSION ENDS SERLAL READ READ OPERATION  OUTPUT
INITIATED AND 8ps LATER OPERATION SHOULD END 400ns  SERIAL
TRACK-AND-HOLD GOES PRIOR TO NEXT SHIFT
INTO HOLD FALLING EDGE OF REGISTER
TOMVST 5 RESET

3.12: Mode 1 Timing Operation Diagram for High Sampling Performance
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AD7896 &R RE AU ES §3 50 2 FLIRE B el A0 ] 3. 137 o > 3l 5 3 A

N

1. SCLK 3 16 {18 /53 - o3 B Al 4 {8 75 8 LA B % 12 418l 7 36z w8 40 4
AT PUAIE 5 35 558 1 MR ) HE ff R ]

2. & 12 fli 5 5% SDATA Fr & 5 B R —E A7 n # R F s T
JofE -

3. HgR IRy Zl gy HUAIAZ 5 Tri-State

ty =ty =40ns MIN, t; =60ns MAX. t; = 10ns MIN, t; = 50ns MAX @ 5V, A, B, VERSIONS

—+ b |+
SCLK (1P) 1

TR LEAmiNG ZEROS
me—— THHEE-ETATE
DOUT {OFF| | DBI1 num

3.13: Data Read Operation

3.7 B EEEEEE (D/A Converter)

AT OB LE BRI (D/A Converter) FY = BT E & B2 04 2K H A Nios 1T fl i 31
i it 0 1 1 OO IE o I R R M B e Y R R S S MR B R 0 L IC BUGE
£5 AD5445 » 2 —JHE A S8 RS 1 12 {5770 ry i 71 =0 B0Rr 28 L i 1C
FLRR R O MEHE [ 15 2.5V 2 5.5V > 255 S IRHI F v] B -10V £ +10V - BEREYRE
B gy 15500 P 20 > & — BB A H A AG F1 A1 1D (Parallel interface) 850437 25
PR 1C - HBR g B R A0 e 3. 147 7 -
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- BvteBlaster | Nios 11 ] DABH
. }

Development
Board

"’I ~
AD

B

R2 R5
20k

R4

10k
A
0
Vour =-Vrer TO +Vzer

Ri AD5424 Q
Voo o b W OVees ADBATY T
AD5445

DATA
INFUTS

3.14: AD5445 5 [ 2 4 [

AD5445 347 20 {1 Pin il - &l 355 AD5445 il {7 B2 Uy e 7 B fEl - 2% L
AR A2 3.4F 71 -

Voo VRer

lour?[1] 20] Reg O O R
towr2 7] ] Veer AD54241 £

AD5433/ 8-10-12-BIT loyr1
GND 3] 5] Voo AD5445 R-2R DAC lour2
DE11[4] 7] R
DB10[s| AD5445 [1]TS POR\?EEE:}?N DAC REGISTER
DES E {Mot to Scale) EDEI-D (LSB) (}

oB8 [7] [12] DBA =
087 [i] oz e F INPUT LATCH
DB6[ 2] 12]0B3 ﬁ
DBO DET/DBS/DE1

DBs i} [i1]DB4 e

DATA
INPUTS

3.15: AD5445 Jfill i Bd Ly E 5 B ]
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% 3.4: AD5445 & A7 LhBEZS

Pin No. Description

1 (Ioyrl) DAC current output.

2 (Iour2) DAC analog ground.

3 (GND) Ground pin.

4-15 (DB11-DBO0) | Parallel data bits 11 to 0.

6 (CS) Chip select input.Active low.

7 (R/W) Read/Write pin.
8 (Vpp) Positive power supply input. 2.5V to 5.5V.
9 (Veer) DAC reference voltage input terminal.
20 (Rpp) DAC feedback resistor pin.

\

AD5445 & 12 {770 W 85 (7 B ELasdee 1C gy 1 ¥ AR il 22 2% 56 JAR B (3R =0 %
Vour = Mgeprdf2t) - Vepr (3.1)

H. 1 D £ Input Data > D=0 to 4095(12:bit' AD5445) » n=12 » 3& 3.5 [ AD5445
AT R L o

3% 3.5: Y (7 DL g 4 5

Digital Input Analog Output
1111 1111 1111 | +Vger(2047/2048)
1000 0000 0000 0
0000 0000 0001 | -Vggr(2047/2048)
0000 0000 0000 | -Vggr(2048/2048)

3.7.1 ADb5445 7 5 7 & il & {F 26 BH

AD5445 F R RE AL A6 S 50 FLIE e [l A ] 3. 16T o - @) 7 A B 40
N
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1. & CS A7 82 R/W AL [A]1Rf 55 low HEAZ IR > AD5445 B IA 58 BTz 51 &k}
(Parallel data) Wi & & £} 55 A Input Latch °

=
=

2. & CS I £ low ¥E47 > R/W A7 £ high ¥EA7KF > AD5445 FEH DAC ¥ {%
iy PN A0 G R e B PR

= Ne—t; —»/ N /
"_tl__:té oty {1y

—~ &
-l
S
=
=
£
[S]
N il

DATA x DATA VALID

J

3ATEAIE ADT896 LA Sz AD5445 HeE 2 Wi &l > FI] FH Quartus T 5 514K
e e AR 2 G g T o o Rz 48 Channel 1 535 5H 5% 7 4B 29 & 2R
Z B LL AR AR 0 Channel 2 £ 4850 A/D ~ D/A ¥t g H 2 28 LR ERSE -

3.17: A/D ~ D/A Converter 2 & g H K7 o



B O3 EEL RIS 2R K U A AT 23
3.9 Pl e B ) R

Vel G 3 e )y BRI Y BT BE 5 KF D/A Converter i H A 28H BE 24 1 EH AR
HELTERSR R > HH Y D/A Converter T H A P28 1) GH 9% 55 B2 £k 22 1] B8 BR 11 K
/N 1%ﬂ%£%§zﬁ%@ﬁ’9%ﬁ%%ﬁ P g AR el R 1T HES) - DR E A F R OR 4

el BEBRERSE R  FEWEE E A X E R im ARl &8 (BUF634) 7 4
E%m%@%m’ﬁa.% g Vel ARG HEA T HR B - HC o A [ 2 e 3,18
N g O e 39RO

W i |

Board

c:zam \
tﬁﬁﬁﬁﬁrf-ﬁu AD |
ﬁ ® vV e
(1 0 BUF634
mEs i
e 21

HERERR

FERE
il

77

] 3.18: 5 | K o Ml ) 7 % 1 [

[ 3.19: ¥ Pl 1 22 Ml 2By % o 4 I
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4.1 $Aﬁgﬁin+£'§fh J1 ,%

A il 28 H l8 R 4 19 a8l B2 T 5 6 AT ST S £ Quartus 11 %% & 1% BA 48 4K
#& ~ Nios IT Ui B 25 5% 5T 8k s SOPC (System on a programmable chip)Builder
2 Nios IT IDE(Integrated Development Environment) = H:H1 > Quartus IT 8 3 22
& MAE# R FPGA &y iRy > TR WEES - R -~ S oiaebe s it ke T
g al o R HE A MR BE R G IR ME - 165 P I AR 5 IR Fr /5 AR 1 & 15
BLIRS P 70 A7 5 B 5 s Py S RE R B R > 85 I AE Quartus TTHRHS 2B 5 4% o
£ Quartus II JIE N Y SOPC Builder & & Hif 7] DL K # H — $8 Nios 11 ﬁ%{ﬁfﬂ%ﬁ;’
A B HLER D E T BRAE AL » (15 84 3 5 5 2 Ju kil HA S8 4F i 4 7 1
Nios IT IDE AIl & —ERifiat H 85 C/C++ =G5 5 0 H 5 B $k 2 Nios 11
Tl e T A P i

4.1.1 & FraeatECE -Quartus 11

Quartus IT J&— £ ALTERA 1Y% 4 J& i B 28 1 2 W - n] SZ e 2080 3
M PLD [l fiw i - 3 AR MAX+Plus I FFFES > RIS S8 - Bt

24



AT R RS 25
SERE AT AT iR et El ~ i gs R eE 5~ MRS Y BE gk A - BB E LR
MreE T1E -

Quartus IT K HS BH#ESL W R R 0 5 3w A ~ B S - i Bl
B BLEE -~ B AT~ RE U R SRR D R ks B E R R 4 R

L RS20 S Z R ]2 FPGA 28 A 3% -

2. T A EES > WL EEE S i 5E S 0 40 Verilog HDL ~ VHDL » 5%
J 5 I R BT B D BE > Wl R D RE T R IE o TR AR T A b ey O IR A
(*.bdf) » Iz F iy A R AH A D RE T SR A EH AT Bl A R 0 50 R A
fn P ReET e

3. KD E J7 Bl A e A7 B FPGA 28 e A TR A7 s 8 T AT
aCEBPE - DUBESE P D RE M T B g -

A PG HETT M B 0 R 50 G R 15 B o MR R A BRRE S IR S 0 AT
B o Ao AR R o B AR B FPGA &G R S B A R
(*.sof) > Ity 7 5k HH A 1 i i [ 22 5 >\ nLERF RTL Viewer ACHI 5 - DUEgGE

HEI# R SR A TR -

5. £ FPGA B Hig g ag LRl - wJ Jlc S S 2450 A ey HH A SR O B P I it [l > 5¢
Jil TH S B aet vy H By - (A IR 2 iR A B R s 2

6. I B R R MR A% > B DR 20 Al 2 FPGA ST T P 53 i [fe] 1 B T
AR5 FPGA 58 JRe e b 0 3 38 oo i s A< B it il i D RE -

4.1.2 Nios II ¥R B 2822 =18 -SOPC Builder ~ Nios II IDE

SOPC £ A i AE v #2 20 5 Fr b (System on a programmable chip) HY i i
LR AT T U2 i e TR S ~ ROl S~ IP B A BUE B 2 IRCAE — 8 ) AR Uy
wEE COE oo n] DL AW BT o Do B 8 E AR BE AR AT - ALTERA 1Y
Excalibur % %1 2 i g BE 2 £% 0 DLUIRCES B 5 1 5 2 1E A AT 4R 12 d 7ot
fErp o m S HEHY 2 Nios R 51 $2 LR 28 Software IP » A 375 it 22 ¥ Y 5%
G BT RN AT R RS BT At o R ] DU A A P g o — [
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et B 1% B 75 06 B A B A1) T S 21 Nios 17 58 AN L BH #8 JE F £ 7788 58 - ALTERA
PR AR 2% 51 i RE B 28 77 L 45 SOPC Builder i1 Quartus 1T 8 i #% [F 25 B 28 T.H -
ffi 5 < > SOPC Builder 5t & —ZE R AL T HIKHE > ksl & T DUR A %%
ST HBR S E B KOKHE R 1l R R aT BT B AR B IR

SOPC Builder % #f # J&& T HL fifj{b. 1 Il i = 7% §8 19 SOPC(System on a pro-
grammable chip) 23 F 55 < I F SOPC Builder » % &% 2% 31 % 5 % & 25 F1 5 B
SERLIY AR o AT AE B IR R EL 34K SOC(System on a chip) 3% 2F 4 )% < SOPC
Builder 8 Altera Quartus IT #3575 — 0 > §E404S FPGA 351 75 17 Bl B HU A5
MY E M T 28 e T H - SOPC Builder & R} i #H 5k 415

|

1. B 28 (Processors) ©

3. GUIEHE /A

4. 5% -

5. HERRFISNTE > 445 Avalon HEHERH AMBA B HEHF#) (AHB) -
6. B AR B B (DSP) £% 0 ©

7. WL o

8. R Z -

9. Gf = BB as o

7% it SOPC Builder » Fe A a] DL ST #1 75F 3K 2 #8200z B85 %0 » B4 ARM
based CPU 8¢ ALTERA Nios CPU » H: 7t % 1% e i HE 18 $2 25 (Bridge) #1141 AHB
to Avalon Bridge » & & #EE L EE It 7 — £L3m A LAY IP » 411 SPI ~ UART »
AHB EthernetMA--- %5 » HAMAIEC R PEHIZ - SlEES - B A EER LA
AR E AR 28 Z 8 H QAR R EAHRE - 58 » SOPC Builder &
MBS Se AU REFO 22 8 > [ Bh 2 4R B EY VHDL 2K Verilog 1 #8 ff it 55 5 2 =X
5 o
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a2 515 o] DABH R Quartus 1T project » 338 HY i, 25 328 BE Tools H11%) SOPC Builder
AR B SOPC Builder i S » HALH A Awhs 7 ¥ =FEE i ¢ System Contens
E{ 1A ~ System dependency page F [f] ¥l System Genera tion FI[a] o — ff F [ &6 BH
e

1. System Contens FL{f] © L EL i 2 E A MA A - Al 41071 - HiH AL
# module pool W 51 1 AT 45 & RLEAHL (T > £ 25 1 A7 2 =A% S HIBY 2 5 et
H ATE RN R AL -

SOPC Builder

From Concept to System in Minutes

I 15 Amern SOPC Buider 1
g Create New Compernrt Axas Clock (e}
= Aualon Components Boset Mos Drveloprard Bomd, Cyclonn § (EP2C35) % s B0

@ LANSYC111 inberface (Bthernet) d 5% .:L QZJ 7L '{#‘
= EPIEKI00E Mios Developernnt Bosd
@ AND 2900 Finth for EPIOHI00E Mg Development Bosrd
& DT71VOS SRAM for EP2UHIU0E Mos Develpment Board
= EPICIS Hivw Developnon Baerd Cyclonn Il Editan
® Cyprozs CY7C1 3800 SSRAM
= P56 DI Board Stratix B Edtion
® Flacth bomary (Commen Fisth ingertace]
& DTTIWAIE SRAM
& LANSTCI11 inberface (Bihernet)
= EPISEN Heow Deweloprmont Board Stestix 8 Edition
® Flaah Memary {Common Flaeh ingertace]

I & s i Procenson - Alers Conpation I ck S0 00
@ Do Proceseon - Alors Cerporation | T
= Urdges |
® Avsion To AME Briage I
I & Ak Tel-Staln Britkgs I'H!u e —I Decpcription
I = Comamanis stion: & — [Z] Eepu [ Mo I Precadacd - ABern Cofpeiralion ok B EBMG0T 0]
& aTAC LT ul Ig ﬁ é{} Fii # I [l Eieg vt TAG LBRT ok Bt S BT
& (3 Wen Serel) I [#] [ mwm_clic_timnes. I Frdervnd trmer ok S OMB0D O]
& LLART (RS-2332 sensl por ) =] [ seven_seq_pia PRy (Piaralied 1Y) =8 EBE (]
= splay I I [l hed_pio I [P0 (Farslied O ok 25 AR50
# Charncter LCD (162, Optre 16207) =l Eeysia System © Perphersl o Sx01DMIETE [
= EFAC20 Mios Development Board Cyclone Edition I [ bt pio ] PR (Parael 10 ek g SxpioRaE O
I A EPCE Saied MNnah Cortroler I [F] [ ext_lash_enat_bus Laveion Tri-Slabe Bridge ok B |
# Flash emery (Commen Flach intertaca) I [F] Eet_nash I Miash Wereary (Sommeon Flash terface) ax0uBean0n
& DT7IVAIE SHAM 5 biigh_res_tinec Irtor vl timer ok 5 a2 O
I & LANGIC111 iterrace (Eihernet ) H 5 dde_sdram I # DR SORAM Controller MegaCors Funciion - Akers o, ck &5 AN HEEI0D
5 EPEAD Hios Development Board Strstis Bdition =] Eadin P90 (Prared L) o8 Lol
@ Flah Memory {Comemon Flsch ngerface] I E [ et i 90 (Paraled LY .i EaIDIEIN (0
& OTIVAE SR | H=0290 ety 90 (Parnied L) & Ow01B00BAD (vl
I @ LANSHc111 inberface (Eihernet) I [Z] 1 ea290_riaht 5 (Paraled 1) [ Ut 00BIB0 01
= EP15M0 o Board Stostin I 7] [ ad_end I A (Parsliel L ke B BeDABIOBCH )
I @ Flacsh Memary {Commen Flsch nger faca) — e — — —
& DT7IWE SRAM

<

e ——

i | —— — — — — |
_@-Ioaqo |

L avaveten | [ Move Do

T S : e
) Done checiing for updates. : i o e ?fz;.i_, [i3!

4.1: System Contens H [f]

2. System dependency page EL[A] * &3 I H AL R B AT 0 R MR > #la0—
Flash memory » —{[f #7 3& 0y E{ 17 & H B 7E SOPC Builder © & %8 F [f] §8
SRR AR PR R Ay R R e 2 8 - BN - fron] DLBL#E CPU B ECIEHE &
IR 0R - AR el S F AR Al e - AUl E S E R &R
sUTE S o AnfE 4.2 FROR
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[ Attributes | Timing |

Presets: |#MO25L 2501 23R (BYTE Mods) |

| Size

Address Width:

- Board Into

Reference Designator (ohip (abel)

Create an interface to any industry-standard CFl (Common Flash
Intertace)-cormpliant flash memory device Select from & list of
tested flash memories, or provide interface & timing informstion
for & CF memary which does not sppear on the list.

4.2: System dependency page E [f

3. System Generation E{[A © I E M F 2SR E LB - £ RME AT
Ll o
: 4.3 78 ©

System Conbents | Board Seirgs | Nios 11| More “Cpar Setings || System Generaton |
Opticns

[F] ML Cenernte wyztes module kogic in VHDL.

[[] Sammdmtion . Craate simstor project Shes:

¥ 20070020 19:55:08 (%) Setting up Quartus with picontrol _WIGE_setup_guartss.tcl
c:ful ters fquartus 30 binguarcas_sh «8 piooateol NIOE setup quarius. tel

Info: o e
Erfa; Rusnieg Quastes 11 Swil
Info: Farsice 5.0 Build 188 D4/26/2005 £1 Full Fersion
Tafia: Copyright (O) 1990-200% Altems Corpamation, Al 7ights resered,
Info: Tour use of Altecs Corporation’s design tools, Legic fusctioss
1sfo: and other softeare snd tools, and ils AMPP pariser logic
Isfo: functions, and asy output files any of the foregoing
Infor (including device propramsing of similatics filsa), and amy
Info: associated docussntaiion or ieformatiion are exprestly subject
Info- o the terms and conditions of the Alters Frogrem License
Isfio: Subsciiption Agieosanl, Altoss MagaCore Fuscticsm Licanss
Info: Agreesent, or other applicable license agreesent, including,
Info: without Disitaison, that yous ste i3 for the sole perpose of
Iefo: prograsming logic devices mammfaciured by Alters and sold by
Infio: Alters or its suthorized distributors, Flease refer 1o the
Info: applicable agpreement for furtbes details.
Info: Processing staried: The Mar 29 19:58:08 2007
Info; Comsynd: quaplus_th -t picontrel NIGE_setup_quarten. izl
Info: Evalustion of Tol script picontrol NIOE_setup_gearius.tcl was ssccessful
¥ P07 03,29 19:58:14 (%) Completed goraration for tysiem: picontrol NIE.
¥ 2007 .0F.29 19:58:14 (*) THE FOLLOWING SYSTEM [TEME HAVE BEEN OENERATED:
EOFC Builder detabase ; E;/WOW piecatel fplosateal MEGE pud
Tyntem HIL Wodel @ E:/VOW) ntrol fpiconteol_NIBE vhd
Syatem Sencraiion Scripl MW/ yicontrol fpiconieol NIIS penecation_scripl

¥ 00T OF X 195814 (0 ) SUCCESS: SrETEM GENERATION OOMFLETED .

Fress 'Exit' to exit.

P

Dior checing for upates.

4.3: System Generation H [H]
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B R E E ] SOPC Builder #1 #1152 — ¥ Nios 11 {352 BH 25 6 H. Bil H #% ohRE
TSR E RS LAt 8 W] B Nios 11 IDE il 29 ##8 55 C/C++ F2 2 GH 5 0l H. 5
BEBk A Nios I fiUR B8 AT D e B 38 > H P /A28 4.4F7 7R -

Bl Edt Ewips Smed B Prject Teck Fadre Heb
o R - T v B R R

s Partad e Wi

i

SE, Cx0s08] ;

— ae
FEEERE

EFEHEE

-
&
.
-

-

-
®

-

-
&

-

-
&

"

-
&

"

Ll

*

4.4: Nios IT IDE H F /1 i

4.2 Nios IT &M 2L T REH H)|

A FE RS 2 Nios 1T Jsg #E & = B2 02 1] H fid BEL RS 5 9TV P8l F6 2 W Bl e
TE R B IRF AT AR B AR AR OCHS: AL 1 it YR Ve B0 T 20 R 0 el G 2 W B e
T H B ATE R I OLIE - et DARE AU 373 el G 3 2 T PT PR A ~ (71
P P 5 24 S el TS g vy e Mt 1T 2R o i e B RS R e A PR AR S O
Ry =& B > iR

L HHAAC D BR (B 2 8RB ) © AR R EIE - TR0 B - It
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