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9 2-5 Boost @ PFC3 =
Fig. 2-5 PFC circuit of boost type
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2.3.3 Inverter

switch mode invertera ol & ALz2o o} HAGA2~ QAW E(voltage
source inverter)9} H§F42 QAW E (current source inverter)2 A UiE F
A, iz JAWEE wg 2 d¥e] ACRY =dolHe F2 ALEH
o 2 =foA A8 Ao ® S W EE AStAs AWEEAN 39
IHAZ F7E 7 k3]

1) square wave inverter : =8 ACHYe Fu4wt 7pdo] 758t}

2) single phase inverter with voltage cancellation : 3 AC Ao Fu4=
o A71E 7FH Al 4 ok

3) pulse width modulated inverter : =% A
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29
2
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N
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>
¥
N
il
N
(e

o

A4 & Q9 a9 26= 2 DePEd  p,E
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1% 2-6 Inverter W

Fig. 2-6 Internal diagram of inverter
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M. 8 device &7

3.1 TMS320VC33
nfo]l AR X 2 MMl &3 1969 ¥ sharpAtZt AA}2] gAFA4E7] 9
CPUE stute] Jo=m w5 intelrh ol Aloks EeomA AZHAT.
FH 29 H9l 197199 intelXFell A= MOS7IES o] &3 14 ==
79 AFS wEo oy, a7d A& wAA Xt A=
Ak HAHAAR intelrb= o] 2 S o] &sto] intel 4004Th= olF o= Al
ol &0 7hiA Z2AAM e S AlAE AT vl 8bit vlola®
A4 80085 el WrEEA ZRAAY A7 A HAT oA Al
712 w1 =2] motorolaAtell A= 19741d o] 8bit mho] A ZZ 2 AA QA MCE800=
Aste]l WEsksdl, o] FHIFEH AL 25 violARI =AM AdEha
g RE FofilA molamzm Ao g #ilo] ix ¥
Atk 1970t SO R AE Fk7kA] = 8bit wlolARZm A S A Al
o ZEa Stk 1978 ko ol2% 16P|E vlojA Rz 2 Al A ZA intelAl
9] intel 8086, MOTOROLAAFS] MC 68000 ] 3 33 1 o] Fdfo &
zilogAke] Z8000°] 3 H ATt 32bit mlo]A= ZZ A=A 1981l intel
°] 80386, MOTOROLA<®] 68020 % 68030°] 3% A th.[4]

B =Fo Al83 DSP(digital signal process)i AA7F txE A3 A

il
i
N
¥o,
o
o

ool Al FEe] Mg mpo]ARZZ ALY nlo] AR ZEFHEE FE53 7
Tolu A Hs] $lste] wrEolzlenz ogI ZEAHORE UE
7ol ¢lth. DSPE RISC mlol a2 & X @A A 9} o] 19700 0] ZHE 7ty
71 Al#Fete] 1980 o] ZRbe] 2AA o= g3t HAAY FHxe DSPe
19799 AT&TO] HAFAeA AA Qo= ALget7] $l8te] & DSP1 o
Ao, o]F=Z 1980 NEC A= wPD77208 713}l
Abell A TMS32010< 3 sttt TI Aol AlFo] FPA 2

U
—_
©
o5}
™
L
=2
=
—
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DSPe] & w438 AAste] dAl= TMS320C64X #-& 75 16bit fixed
pointZ 4] 3200-4800MIPS(million instruction per second) @ &Eo]il X =&
o A}-8- gt TMS320VC33<] A= 32bit floating point =4
75MIPS/150MFLOPS ©] t}.[11]

3.1.1 TMS320VC339 u#

2bit2A =S s 7 ZERAAR F S 33Vela Fo] e
1.8V o]t} 13ns/17ns "W#H Alo]F EYS 7FA L 16/32bit  integer2}
32/40bit floating©. 2 &2+ stth 22l ¥A7IE 7HA AL o] & Alo]&
rol wAlALS HAET ¢ Jdom w4 As T w AUEFE =o]7] 93
A0bit2 AAAtE o AT} 32bit HHAA R FAE st 24bit o=~ W R
e 7HA Y W W28 Dual Access SRAMSZ LIMbitE 74 AL 9l
o F 7He] 1K x 32bit "IEE =53 F 7h¢ 16K x 32bit W=y &%
TEE Ho At ol d FxE FAY shhit= Fxe Al Wit T2
H vl el dojy wWelel HZakr] 913 doly W) ojuga HAE
HER ZhAa go] Wi 525 wEA 3 Aol e, RE2E s
dole] Mo oj=gx HAasE e A 5 Sdh Wiy F8 AA=
= slve Agd TEQ F /R 32bit ElelH, &bl DMA (direct memory

access)E 7FA 1 9t 19 3-12 UYF 7|5 EEEE UgU

|

3.1.2 Boot Loader
3.1.2.1 vlo] A 2 X Z A A

A, JEHE, E3) wWE7F 0000H~003fHH Aol 912 &te] DSP 71 2|4l
H 3 UdE 0000HH X oA 2lAl WE 7} QA Z2ad 71287 2edg
og g g Aol Ay WAy} AAF
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h
I mesat, ntarrupt, Trap Vectce, and

03Fhk
141h

TFFFFFh
EDBOIR

BOIFFFh
B000h

S0TFFFR
SRR

BOSTFFR
LN

SOHRFFh

HMFFFR
BA R

FFFFFFR

Reserved Locagons (64)
[Extamal STRE Activa)

Oh

Exiemal

S5TRB Activa
(EM Waords — 64 Wonds)

FFFh

AD000N

TFFFFFh

RAM Block 2
{TEK Wiaied & Ilainal)

BOO000h

BOIFFFh

RAM Block 1
| 16K Waord s Inbermal)

40001

#0TFFFR

Feripheral Bus
Bemnory-Mappad Regisiars
[EK Wiords Imlarnal

BOEDNHh

BIETFFR

AAM Block 3
(1K Words Indarnal)

AAM Block 1
(1K Wiords Imtarnal)

EFEFFR
Eral{h

BOAFCOh
BOOF LR

SF¥FFFR

__Extemal
STRE Aclive
(A0 Words — 40K Words)

ARADDN

FFFO00h

FFFFFFR

{8k Microprocssaor Moda

Resaread tor Boatlcadar
Operations

STRE

Eoot 1 I
Bctiva
AWM Waords -
Bool 2 I 1-1-I'|.'||'l'n-n:l|.|

FAM Bloch 2
(16K Words Infemmal

RAM Block 3
[ 16K Words Intemal|

Pariplweral Bus
Memory-Mapped Registers
(6K Waords Inbermal)

RAM Block 0
1K Words Intermal)

RAM Block 1
(1K Weards - &) Words Inlenmal)

Wsar-Progiai | senmipt
ared Trap Branches
(63 Words Internal)

X al
Boot 3 I gH::lh’ﬁ

40K Waords)

|BM Words =
[B] MicrocomputenBoctioader Modae

gy 3-2 wRe H

Fig. 3-2 Memory map
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3.1.2.2 "lo]| 322 AFYH ERE=

EN

vto] A2 HFH EE AREE 9] boot-programe loadd 4 UEE A
Aol A RERE Zagas O0H - fffH doo dolFol dde] <lrtww
ol o] FAste] 2R QJIHHE INTO~3%F el f5Hs w7 =
thoolw o F A HEAA ofE igo] 5ol I ] g FERE

Zzade] o3 EEA HEY 471x] RER REZE 3 5 9] ¥ o

.

Atk P A&7 INT3S 3 feo] 5w Algd S4log FERE
& &3 INTO~2% 3dhuhe] o] Eojew eF9 R (s E
EPROM)O A A= o] Q&= Z=
2ol REHr oy HE
7], WA &%, AAEE AAHAS FERE 220 g3 ARE o
4 oA o] gtk BOOT1~3% o] &3 P ER= i e[](]

O H8 vz =e] o](8/16/32 bit)

n
@ %7 =9 QEMEYZEY 29 & 93 wait & 2A

@ HERE X3 Alo]=

@ 239 2= AJA HA

G fF83 2209 £Aq2 AL dofdit. oS 59, 18 Wy ¢

115 3ta ¥'8& 23l Alo]=7} Ox1FFelx 28 293k Az i
A7k 0x809C00%1 7Z4-F- & 3-13 o] 25 A dvh Algd F4ls o

al
FSX/FSR(frame synchronous transmitter/ receive) &7} wWAstA =H
S S99 S FYdA A A7) F5A HoEYEE HAES)

dot dE 50, HolHE $AL A5 $AT Hely =7} DXRol 2=

Ll

AZ1a RA o w 29 F7] AL FESX)7F HAsd v dE S0l

A AEE oy A HEESE AFeEA A0 AEF JHHEXINT)S 2
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AANZIA Eeh AEE 9] vxE HES Hfal yil FASe A ek
i

U= A JHHERINTDZE 2T oju FSXAle=
olH 7} HFtAl =l viAY WEZF dFo] dREI|ZAA AL low FH

Aoz AFE deoly 4

3
ol7b mAH 2719 HolE WS s Aol mA MAH FE(fixed burst

F 3-1 vlolE Zow pAH Iy

Table 3-1 Byte-wide configured memory

Al Wi @ E I T

. 15K 8 [ aallh = K

1 (1]

i ai741

. 1<K ai41

. [0 =] Flamaory by P 1 HT =2
o =1

" 15K el

s IiN; (1]

o] IFF Frogram cods mcs = O lFE
w AHG i

. 1T 1]

e

a o F i mieardl ki
o 1K

Lo - A5

it
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3.1.3 WF 53 ZA

3.1.3.1 go|H

H— Internal Clock/2

Counter (22-hit) (: External Clock
:: [ [N

Counter Reqgister

Period Register (21-0) (31-00
32 —,;l
k4 hd 2

Comparator
7

Period = Counter

Y

Pulse Generator

[N

—-L__l_h TSTAT

Timer Out

S 33 gol] iR BEE

Fig. 3-3 Internal block diagram of timer

a9 3-35 B9 iRl 5 e Bolwrt Qe lE B oF F9 & st
UE ol FYow ARET & Qth Belw FY& DSPe HI/H39| 2%
F ¥ 2 B o mE F9s ARE 5 v Belw AMES f% HAx
El5 global control registeroll 4] Elolw F2& Al7|W JMEHIF do=

reseto] ® Fo A FUMEtE JMEEE AIFSHA I 7h2E 9

Y
rlo

counter registerdl A% 7|53HAl ®© U} period registerd]l Eo1A= @3 Ff

o

+HY Fo] #2A& AL nlusitrl ghol & W pulse generatorgs
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8l H27) lowol ™ high® high ¢]¥ low® vlH A At} oW R=g
meg Ha weFd deEgste] A g St S8 Rl F
f = Etelm 22 / (2 x period register) 2 WEJ A, B2 =9 Z¥

-] 2~

it f = ElolW &7 / period register®= THEo] Xt}

%

i Hocshe Secion 1 r I ransmil Seclion 41

CLER LA HX
Roceia TETAT x| TETAT Tiransrmit
Tmer (163 LLER | 4 Timer | 16}
NS

|:r»'r1—| T =R Iex I—lIIHI
Racaive Cinck p— | | Fo

Bil Counber  fl—— ®—— Qi Conler
BAER4IAT FLE 0 Lt P e

-

w

(] - ) » {320
F Y
L Load Load
L |rcd Lo
kS Lx
orR TH ?
L J L
D#ER L T
[3F) B Il.:l_'|2‘|

a9 34 AYd £E 5%

Fig. 3-4 Block diagram of serial port
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a9

a9 3-49A4 AlY Y EE+= shvoln 8/16/24/32 bit= ¢ SAS o
At Algd B4 Ao RE AA 37HAE Us 4 & fixed data rate
mode ¢} variable data rate mode, handshake mode® =LA & 4 v}

1) Handshake Mode

1% 3-5 Handshake ==

Fig. 3-5 Handshake mode

a9 3-5eA4 KW 8bit Hloly Y=E FAL AF WA 1Tolgte= #hEe
&, dlelE 8bitE: BHuUlAl Ao s Algd 2EVE e =S

I =% DRR(data receiver register) @5F-E 218 Fo] 4 Agd ¥

m R

L “0olgte dHlolHE 44 AEd TEZ Bud £4 Agd TE=
A
()

05 wa d Fofl AZE HolHE 99 U

2) Fixed data rate Mode
dlol el o] Zol7t 8/16/24/32 bits Uz st 44 A "



CLEXR | l | | | | | | I | I ¥ I I l | | | | | I

FSRFSK (Exdwmnal

FEX [Inermd|

[T 1] & S ——
! [ !
[R Lok HIMT RINT

1 a 3-6 1 Z4 ]:ﬂ 2 Ei

Fig. 3-6 Fixed burst mode

D Burst mode

a9 3-694 FAE AA N bit®= szl dolelE& DXR(data

be 2

transmit register)el] ©lo] g
grgow zZeel £4 B/NEFESX) Barb 4 2H9 B AL

Ot
rr

[e)
y
2 zEdY, 2% oF 25 £40 Abo|Ze] A

:L
o
2

LA E ] FA HolHe $4A 9 stFo dF A

HEo] £ HHEXINT)ZF 2 H 2 up=ut v E 7}
A E(RINT)7} 2A3HA €,

[
lo
S

o
dlo
of
"
il
J
=2
>
+
>
(o]
n)

T e T oo
T

KINT KINT
RINT RINT

DA Lasded HIMT

D% Lasackesd Lt DER Licgsd XA
Faad DRR Raad RS

138 3-7 1A continuous R E=

Fig. 3-7 Fixed continuous mode
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@ Continuous mode

FERFSE Eatsirell

FSX {intarrali I I

. ,ﬂj T m BN Y G X
BRI | 1

KIMT il EINT HINT
REF5H HINT RIMT

LK Loaded

KR Lo el Lo TR Laad KR
Read DRR Haad DA

19 3-8 7F¥H continuous EE=

Fig. 3-8 Variable contimuous mode

X
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)
N
o
P
A
B=)
N
o
<P
(0]
=
>,
17
=}
re
>
2
o
fr
,
o
a
2
o
o

2
N
N
rlj
=
4z
2
o
b
K
=)
ks
oy
2
f
N
1)
o
NI
)
N
=
)
v
1o
[
NI
)
fz
=
i)
2 W

nt F71 ASE SAAIIA @ R a2 A7A G & s

3) Variable data rate Mode
fixed data rate mode®} H|S=3HA 52 SFA T ol o} & Aol Ho] Q)
@ fixed= FAIA] FSX =9 A77F &4l 289 & 571 o<k 2AsHA|

b variable & 1 o] Ate] HA A7E 7A@ fixedE FSX 471 @AY

g &2 delEt AEEARE variables: FSX HAsHAbA £41 29
& F77F AUA e FEelME dHolHE $4 & 5 Atk @ variabled

AU dolg MEsl AEE7] Ao AAY ez 7] AEESXE
TAHA Y fixed A5 S vpA e v 2o FSX2157} wAlsw 1 theo

AMZE dHoly =8 d5d AS d4sA dvh 28 3-904= 71 o
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2E ¢t a8 3-10941+= 7} continuous =S YER I Qi)

FSRIFSX {Exsamali

FEK (il | |
11 7 P o v o' o, B G T
i 1 ) i
LK Loaded NI T RINT

a9 3-9 7HdH HAE RE

Fig. 3-9 Variable burst mode

-\.-IKAHlll_II_II_II_Il_II—II—II—II—II—II—II

FSRIFSX iEalsimeh

FRX gndamal | = ¥
DD —— Al I BH W C1 ¥ C¢
! t 1 f
A | ctiad HINT HINT Ll
RINT RIMT
T Lo DA Lo DR
) Read DRS el DRR

19 3-10 79 continuous =

Fig. 3-10 Variable continuous mode
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3.2 FPGA(field-programmable gate arrays)

VHDL-2 VHSIC HDL(very high speed integrated circuit hardware
description language)©|gtE= @ 2EA 0Vt % vl kA e VHSIC E 2
e AbEolt) mek O Y HAs =Y AA rR7F wdie] Ao zb AL

vt A2 gE AAlE AANHS HHA e AEelA JAze] 19

of EEsiE 7&dolsl Basayl wEel ozl walsA B WAl
AA) W ] Weleluel 87del IEEE7 BAAoR EESAZ Aol
IEEE1076-872 1457 5d% g2dol +4¥o] 93do] maste Aol

IEEE1076-93°]t}. VHDL®] FHd2 w9 W2 Helo s 7HsshA &
T v R [EEE, tiH#2] vl EDA(electric design automation)$
Aol AAE ¥kal 9lom g VHDLE A3 tiAQle we o IJAEZIHY

Tedo]l BAHEY. AAA top-down'2 o] tAQle] Fhgake] A A 7] 3to]

AR dE5H1 AAAE X7] 4 B2 GA AL error 820E5S EHA
3] AlEY oS B3 A= 4 Ut} ol AFE AAN|Eo] Ho5 £ U

= S %3y 28y VHDLS o] #AAl7F E3sta VHDL codes
2 34 (logic synthesis)d| B A E 3 2+= A
AAo] sl EFsih oyt ko] ATk st=o] HAAREAN A=

oflel &9 glrh.[8]

Joh

o

O

] dallsta gate 749

K=
N
Ho
oo
ro
re
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3.2.1 7

PLD+ programmable logic device®] ¢FAF=A ICUIF-2] uj M-S A&7}
Zead A g Sl ICoIH
oldd 7]5< 3+ PLDY +R/E A 67HAE Y= F AUrh[8]
A A, PROM(programmable read only memory)

gk o] YA E(AND vl H-3&)e} vl 2] A (memory array)e] o] X i
A(OR )= o] FoA 3l
=4, PLA(programmable logic array)

AND wj ¥ (array)¥ OR ®l<¥(array)e] ¥+ +x=2
g2 AND wjd& o] #3 o' =gws 2d &
ol A - E 7P ubE o] Al FRolth 1y

i
4
9
N
rlr

o] PROM#}

S T ATt AgHER Az

f
X
[-'O
ftlo
N
N
X
rlr
e
2l
o
N
X
)
K
3o
O

Al A, PAL(programmable array logic)
PLAS Fx9} WAl olFolx vk ey PALS FxE& AND ¥

9 FES ST TRIYL T 7 9 ORMEE wAH el Aok A
VHE A Qe o] FaE AAe] Mol MY 4 Eu Sxe A
ol WE HololA Be MEA HAEo| ol B R TR FAF X

2389 25 e Wa it

YlA] SPLD(simple programmable logic device)

o] A& PALY A& FANE 725 7HAAL = AREAE ARE S 5 e
AelE9l &7 oF 20071 A=7F At o]ZA CPLDY 7|& 7%& o &
=3

thAl A, CPLD(complex programmable logic device)

CPLD+ altera AlolA] A &0z AEF3HEo] 2ola glom olydt F+x
2 vy Wrge Ede 237 3§42 7F3d3517] 93] embedded array’t 9l
3 o] YHd= o/l EAB(embedded array block)e] it} Zhzbe]
embedded array blocke 2,048 bit o™ oA RAM, ROM, FIFO,
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dual-port RAMGS & 783 vt g 3be] embedded array block W
Fol= 8709 logic element(LE)®} local interconnection(LI)© 2 -4 ¥t}
o] 23t logic element®l = 8bit counter, address decoder, state machine¥ 7
2 T E(medium size)] logic blocks WHe 4 At} 2] Fe} Qg H o]~
H+ pine®ZF /O element’} il ol FWEFe]l /O bufferet &
(dedicated)®] A== €. ot=2] CPLDY %+ W& Asolu B
g Bl o o] Ae=w  FE F9 A FxolH
FPGA (field-programmable gate array) ¢ T+x%& %<& 9 =5 (lip-flop)S
Ab&ete =2k 32U & o] gk 3o A7 Aol7] W] A= &
& Lokol whel Aesto] A5k Ao Fh

oAl &, FPGA(field programmable gate array)

CPLD®} 22 PLD® &%3te] A4S array 7% F(row) T3] FH
£ ol&st dAAE k= 27FA 9 FHE Uikl Zzbe] SPLD =571t
o= o]z segmented interconnection® 227 wj&o] AA A
il 44 Zolrk WA 2 S v 2 BER A A
g o] (routing delay)7} B2 Ho] Blo]w e o Fo] o]y
A% el CPLDY Tl Hle] wolzch e AFgabr}
AelEe] &% CPLDEUE Bthes FHE 71X
TE7F Yiths A= ARRAEY] &8 el wEkd 543 & 5 A

kl
X0,
rr
=
s
.
rlo
N
N
N
N
10
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3.2.2 CPLD ¢ FPGAS®] H|

a9 3-1194 Hie A Fo] PLDE skl 9tk HCPLD( high-
capacity programmable logic device)> Zito] A ZE Yujo| 2ol FFRE
2o A F58] G st Ak 2 Fo] WEAS o] FPGA(
field-programmable gate array)®} CPLD(complex programmable logic
device)S1H] A &=3+e] HlwE 3# 3-28 YERHATHI]

Programmable

Logic
<= 600Gates >=600Gates
[ |
Simple High—Capacity
PLDs PLDs
Segmented Continuous
Interconnected | Interconnected
FPGAs CPLDs
[
| EPROM || EEPROM || FLASH | | SRAM || Antifuse | | EPROM || EEPROM || FLASH || SRAM |

% 3-11 PLD #+F
Fig. 3-11 Classifications of PLD
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¥ 3-2 CPLD%} FPGA<] H]xL
Table 3-2 Compare of CPLD with FPGA

FPGA CPLD
Leading Vendor Xilinx Altera
Density Medium to high Low to high
Interconnect Structure Segmented Continuous
Timing Variable/Unpredictable Fixed/Predictable
) _ EPROM, EEPROM,
CMOS option SRAM, antifuse
FLASH
Device performance Moderate High
Device utilization Moderate High
Hand-routing required Yes No
Reprogrammability Yes(SRAM only) Yes
In—circuit
] - Yes(SRAM only) Yes(SRAM only)
reconfigurability
In-system N Yes(FLASH, EEPROM
o
programmability only)
Compilation times Slow Fast
Logic synthesis Yes(third-party only) Yes
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3.3 ADC(analog to digital converter)

THE Yol BH AA 67HA R v of ek o] g Sith
1) Digital ramp A/D converter : ¥3F A|7Fo] g Qo] oj&EH ol AUH
Aok 29 3-12¢ YAE

H
37 %3 gAYl BLFF WME Aol o]

A2 A/D converter?] W3 45 YER L AT}

Clock
Jin Start,
+ —®

Va @&—p

EQC
o OP am
Comparator
Reset —eo Conversion
Vax Complete
<—] Counter stop
Pra— counting
_ Vax DA <+ Clock
- converter - | Counter| < ]
. EQC
.
Digital result—T [lo— - >
Start Time

18] 3-12 Y X" #:=Z A/D converter

Fig. 3-12 Digital ramp A/D converter

2) SAC(sucessive approximation converter) : Q=@ <to] A glo] WHSHA

ZFo] dAsta 7bg dwkA el A/D convertero|th 1% 3-13& & A} A

WE e BEES UElR 91 2% 3-13& SAC 74 €A% e g
.



Analog

input

Clock
va —P* COMP onn
Vax \ A /

Control [% Start
logic |— 9§ FEOC
A y
Control
register
MSB LSB
Ly i
DAC
< A

19 3-13 A% A AW Y

Fig. 3-13 SAC( successive approximation converter)

Start

0000 — 1000

Fig.

3) Flash A/D converter :

bit 42)2] comparator’} & 2.3}t}. timing©] Y process”7}

A5

L

i

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

19 3-14 SAC &4 A

3-14 SAC operating process

7Hg w2 ADColal 9 ¥N—170(N : digital output

48 glenz &9

a3tA AR A/D WEe dHHor ofFo Xuh a9 3-159]
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+10V
3K
% 7v >ﬂ€ 7
1K
% 6V >@e- I6
1K%
C5h
5V >—e 15 MS8 o
1K% >ﬁ€ .
Priority i i
4V 14 —»B Digital
encoder output
1K
% av >L3e 13 —>A
1K
% 2v >£2e 12
‘K% v >ﬂe I
1K % A Analog input Resolution = 1V
Va

a% 3-15 &4 A/D converter
Fig. 3-15 Flash A/D converter

4) Up/down A/D converter : W3+ A|7Fo] ofd 21 JH Aol &4 o]
AR &y A olHY dHE AdH Ao JHHAAAIF F45E A
3k Ajzro]l Arh. 19l 3-1604] W3k dgE e T

15V

Va

EOC U U U

a9 3-16 4/t A/D converter

Fig. 3-16 Up/down A/D converter
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5) Voltage to frequency A/D converter : DAC(digital to analog converter)
= tAlste] Az SR Z](VCO : voltage controlled oscillator)E AF-&3}
o opdma A weh M¥Hon Wase 2YERsE sheE @
ozy "gA"ER #agth 01% o4 AUxEEs 7= VCoE AAEI

=2 AYUEE ZE HEVE wEV|E A"AT FEo] At

H j=gn el

g 8l AgH

6) Dual slop A/D converter : A 7Fo] g =Xk DACY VCOE Z &
3hA] gformz AAHolx Fgol Atk = gAE AUA # =
A7) Tol Hg3th a2y 317904 7l EZ2EE UERY

e
H

%0,
£y

_= [ — - vazban |
I T Ta N - |:- e —"
Elg
i

!
- |
'} = 25 ‘!.J..LJ" Vil II'
| [rpasm o L |
=

&
| ol fewma -y :n:-n-i l- Fasg

29 3-17 Dual slop A/D converter
Fig. 3-17 Dual slop A/D converter
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V. AlojB= 27

4.1 vlo]l I 2 = 2 A A
411 Z239 ==

B =Fo AFE®E TMS320VC33-1508 1443 PQFP(plastic quard
flatpack)E} 9 & AF83190 31 Code ComposeE o] &3slo] Za 1S ez

@ 5 QLS JTAG £EE o] g4t} !

k=1

W obUeh vholaE Y m=

|-‘_1

ANA AhJAZE Al 9 external AEHER  INT), INTL, INT2,

gd FEZ= BOOTI1, BOOT2, BOOT3 modes 3%+ boot
loader o] 2w o] oJF vRg g AFEo] e FERZ= oo
He 2ste] T2 3 Frh[10] = H oz Al

A EZE
FEZUE @ & JA A8d TEE FEZE &02 3=2FE FA59

12

1E WS FPGA WFolA 220983 Foto] 24T

UA AAsEAT 19 4-1S FEHEZS] fg AA 74 3] ®Eolth

TN
H
A
fl
o
1
r o
i)
o

a9 4-1 JTAG XE & AlEY XE 3|2

Fig. 4-1 JTAG port & serial port circuit
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412 A7|A EA

AR v EE e mlo] AR IR A QIE H o] o] lojA el DCEAES 4y
HH WRrae dYo] 5Velx wlelaz Tz gAY A F &
HSto]l 3.3Veoln g HolHW 2o A9 uo]lagzz A Addgad
o] FAE WA HA N, wlo]lARZZANZIEE HEZ ] AoANEE

i
ot

i

off

(address, CS, R/IW)Z Vg = 24 Vi Vo = 04 VypelolA wlEe] e
AAARLTEL Vi = 20 Ve Vi = 08 Vs WEAA Vs Vi
=04Ve] mojzwixls ZpA B dlolEH Lot g By E AAsd ©

aAgate] 2ok A grute] & Qo] 2~ Al7]=d AREEH= tu)
olAE AACLI|ES o] &F LVTH Alal=7F 9om=m 1 = 16bits o
W Wl 29C10245 AMAste]l o5 tnpolxzhel H7|A 5SS AR

1) Memory 2} LVTHI16244 A}o] 2] Noise Immunity
Data Sheet 2 %-F]
Vr=V ottmemory = V v =4.2—2=2.2[ V]
Ve =V icovrn — V orcmemory = 0.8 —0.45=0.35[ V]
2 Noise Immunitys Z=E3}c}.
783, Fan-Outs &gl 9lojA CMOSSl ¢+ dnkd oz Hus &
AFA AT s AAHER JdEHdFZol FHA= Fou, Data

Sheet& H| 3| HH,

]OH(memory)=_400,UA @VOH=2.4V
I vy = 1p#A(max)
]OL(memory):z-]-mA @VOL:O45V

IIL(LVTH) = 5#14( max )
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o]o] 4] Fan-Out2 400°] ¥ 22 lipo] tnfo]lAE Fgohs Aol =
1 AT ofyH, A A AA LS LVTHS] Y9 Capacitance ¢,
olsteo] AA == [12] Data SheetE FFilat¥ 4.5ns( 4y, @Vec=3.3V)1H|
nlske], wRele] AR AA S AT29C1024-129] 4 120nso] 22 w}o]
ARZZAAMRS 2RO ZEA] @ waitd AMEStolof S 4 5 9l
t}.
2) AT29C1024¢} wlo] A 23 2 M A ALe] €] Noise Immunity
Data Sheet= ¥

V=V oucvemy = V mcerny = (Vee—0.2) —0.7%3.3=0.79[ V]

Var=V wcero— Voncvm =0.3%3.3—0.5=0.49[ V]
7b HBRE wlolar xR A - HwiEE, Wi - dolEH2 WH - nfo]a
mxg Ao A FH o]z 9lojA ] DC R AC 50| W3S 183
o},

4.1.3 PLL(phase-locked loop)
on-chip crystal oscillator ®=+ EXTCLK(external clock)E At&d 72-$

PLL 54& ¥ 4-18 2o] vpebdl & givh

& 4-1 PLLe A714 54

Table 4-1 PLL Characteristics

PARAMETER WM WX URIT
ll'—"' Frecqusrey mngs, PLL e -] 13 H:
Frikount Fiaapaeiesy il PLL cilpiit i} T4 (AL H
bl ALL cananl. CVDD ik z el
F|_| PILL prsswr, Cw'ryly suppdy H] L]
&I PLL wdpl ety oyels nl H 1 45 = %
PLL PILL el pins F|.|,= = 25 RAHE 4 =
2'"“ =i ok e 1 Rl Cycles {EH: o T
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12l o] Fulg W= 5MHz ~ 1I56MHzOF A ALE-S dorsta &d
O 2 AFR3 A Qo= 25MHz ~ 75MHzS W9 ulolA 8oz A& ot
st 19 4-2% 29 AR YWEE el 9t

W Glock & Crystal 085 L] PLL ] Chack Divitkr ———#
MANAPEEDY
EXTCLE LONPCWER
O] IoLE2

TR

- Ll %1, 1ME, on
1 P SLOGH

] ChaclNatai Enatda

&

. — | PLL PWH and Bppais
CLKEDG FLL P%E dnd 1]
SEL 11 [HV3 Meds

CLENDY —

942 e way

Fig. 4-2 Clock generation

¥ 42 =HR= A9 A

Table 4-2 Clock mode selection pins

CLHNA CLRMOT | FEEDEWEH | FLLFWA RATHD | WOTES
L o k)| 1 il SLEE, Wiy Woms vl
1] 153 i By o blesd

1 [ n il 1 e v e blesd

i i 1 71 r P i DD W, 1 B FLL poses, O laior ona ped

%l5-9] on-chip crystal oscillator B=+=
2 ARgE u S5AEE 7] Y
CLKMDO, CLKMDI1< high® W=<Ith

19 4-3 = 9% crystalS o]&3te]

=M E & 4204 B &
ko

EXTCLKE o]&39 CPU cloc

)

Feoz Mgt Bl
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ull T — B

XOUuT XIN EXTCLK PLLWVss PLLVpp  CVpD

Rd 100 02
Crystal

I]I—_T_
E?.,;TI_\

c1 o:I_\ T 0.1 uF T 0.01 uF
19 4-3 CrystalE o] &3 ==
Fig. 4-3 Self oscillation mode
¥ 4-3 4vbA 9l crystalS o] &3 2 A
Table 4-3 Typical crystal circuit loading

FREODUEREY (M} R i CH pky CiipFi LT jpF RLT iy
17k 12

T 1B
1 1 12
15 15 12 =2
15 E

-

12

VL el B s Byl i bl saorien basm] i Linoss Gl rosbdsiess o) e avalil

H =RoEs 9 crystalS 12MHzE AFE3817] wjFo 3% 4-32 B9
Rd, C1, C2 #%= 10MHze} 156MHz Alole] F=uk4=0]7] wito] RdE 1002,
Cl ¥ C2E& 10pF & AF&3FTt.
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4.2 FPGA
ALTERAAFS] ACEXIK AlEFel EPIKI00S. 2 109k AlolE, 208¥ 9] AL
& 7Fx EPIK100QC-208% & AEate] Abgstaivh of 2 9F Ao = A}
SA7F & 5 s dubERl 109 F27F 1477 o]t

. address decoder& $]3%t address line (input) : 24

. data bus (input/output) : 16

. DA Convertor Control signal : 6

. AD Convertor Control signal : 11

. Serial Communication Control signal :@ 15

. Parallel Communication Control signal : 3

. PWM Pulse Control signal : 12

. Encode Pulse Control signal : 3

. DSP Control signal : 25

.etc t 8
F 122910 HostnE 2089 AMEs %,
delay time©] InsolA bns7HA 9] & F7F A+=Hl delay time°] lns & EF

= 3o 7H4ol ) A== HpAT. & =FolA 483 A2 delay’t

10
hinss
JE
iy
)
o
-
D)
)—U
10
T
—
o
o
ofo
ol
ol
~N
=
M
ot
S
>
o
ult|
(e}

3nsol A ¥k 9] &
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% 4-4° EP1K100QC-208¢] W% %= el Ut

ot Ay Siock | FA

T

ES
L :
— LE|
Cinlimi - E E E | Ay
T —] = L oy
—— - ] | - ke h (AT
[ i 4]
]
L5 E ] 1 0L |
Mo ‘ g __ | I E E [ e Py [LIF
L sLL LT —1 1 S 1 |
[ ] | '_ —— i ! A oTe el
a 1 1 . | 1 I |
Ao
e =i -_|.J ] k=
- ¥ ¥  ¥r v
(] [ice] foe] [ice] fme] foe] | fice] fice] fie] fice]

Ikl Lrray

% 4-4 EPIK100QC-2089] Wl =%
Fig. 4-4 Internal structure of EP1K100QC-208
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EPIK100QC208°] Z =95 & & de WHo=m o2 77 dxwt &

=R AE3E WS byteblasterE o] &3dle] TR aWS = 3

t}. byteblasterg ©]&3t] =Tt b= WHE ]

7F &=d JTAG EE=+ EPIKI00QC208e Z=3F 4 9l 9F d=EgQl
=

EPC2¢] Z2#E teE= 3 vy o

TAG mode ¢ PS mode

eRes o Fo A
OFF3lx tA] ON&td EPC2el & ZZ13o] EPIKI00QC208°] =9 =
o Z2ae] 38427 «pofolth. PS modei= EP100QC208%te] SRAME®]
AH Z2aPS s oz A OFF Al71W ulFe] T2 a3 294
HETh of7)oA teRdY HE Zzade S4AE xsofo]th. T 4-40)
7 ne W2 pCe WE ¥E(25P)9e a4 s YERATh

4-58 FAo]7] BE=o] AZE byteblastere] ¥E ¥ AAWHIE e
Aot} 19 4-5& byteblastere] W& 3 zZxolt} 19 4-62 A 2=
by a2l [131014][15]

=

a9

3 4-4 vfolEEYAE 25pin 94 AA

Table 4-4 Byteblaster 25-pin header pin-out

Parallel Port PIN JTAG mode PS mode
2 TCK DCLK
3 TMS nCONFIG
3 TDI DATAO
11 TDO CONF_DONE
13 NC nSTATUS
15 GND GND

18 ~ 25 GND GND
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¥ 4-5 nfo]EEFAE 107 A4 HHA

Table 4-5 Byteblaster 10-pin female pin—out

PIN JTAG mode PS mode
1 TCK DCLK
2 GND GND
3 TDO CONFIG_DONE
4 VCC VCC
5 TMS nCONFIG
6 NC NC
7 NC nSTATUS
8 NC NC
9 TDI DATAO
10 GND GND
voE 1P P CONDBCTATS
:\:El'n?' L'y l
o =
@ —
2550 Mis e < _
-::a.-.uu.[-‘mu 1 :'-u-r‘.:;-l-l- e —
i ey s 1;,.; ;?En :.L.
(= FTELL— 151 T
¥CE VOO VET it a2 12
i 2 B 1A St
gt I D ] 1A iva i . :
et S =
AL IPTRLL 249 Byal a1 B —
7 oy i
zll GNTF & 140 -
=115}
L NS L
— 1 e VIF
- L]
N
x
15 rE
i 8- 3
K

19 4-5 Byteblaster W3 3] &
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Fig. 4-5 Internal circuit of byteblaster

I
S
=f i ﬂ]m.:l .l

a9 4-6 PS mode ¢+ JTAG mode 3] =2
Fig. 4-6 Circuit of PS mode and JTAG mode
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4.3 Analog to Digital Converter

2 el AREgE ADST864v TIAMSY] AlEFCo®E 6709 S 7HA AL Ao
H gy FHo2E SMHzE AFEST R Fx2E W 19 477 Zow
Ae3 7S a7 4-87 o] 3% al, conversionE 2 oW - o] ofjs|
29 falling edgeolXl HOLDx A &5 low=® 3 1 A do] Ad ] n
A conversions ol Aol A ggkow v|vgla, I1¥xA gFo
conversions Al ZstAlE T g E =] 5 AES hold mode= YA HTE
g FY Adel tisiA conversiono] $EE A @2 AEHA ThA|
AlstAE AL & Ao o

1
=]
A= 2 FHAM goLDy N&E7F Eoje $AXo=z A Ald, B A

WS

2

"HOLDx A&7} 50192 conversion W<

g, C Ald £2 2 conversions SHAIET $ Ad-S conversion 3k AlZH
& 125ns(=1/8MHz) - 125cycle = 156psolal U oA e
conversion B #H & F7] 9= H 23 125ns(=1/8MHz) - 16¢cycle = 2us <]
A ko] HQa3}t}, conversion ® HIOJEE A2~AlE o] &3ld oS AES

20
rir
=

Melstal pp 9 ¢S 7F low® HA 30nsEeE oW ¢ls F
DATAI5~12 bite F&3 dHeolHAdA ofd zde] HolHAAE &
DATA11~0 bite] ©lo]gl7} A A] conversiondt Ho]lEH & e [16]

N
=

9 4-7 ADS78642] WH =%
Fig. 4-7 Internal structure of ADS7864
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bdBbddsgedds .
I,_L I F EAEE 5 [ F N TR T I = I ] a, E _T_ il Dﬂ:m
Kk S et 7] oo wn [] s L [
= il H1k HEFH |1 =
4 | oond RENT ij
ll:'lllil mi—{ ik Flossd
é 12 [ ] é—':}
1| oot Sl ] e 8 L
u | pen g |=
e L (&) HFIE .H?
W oo R far ———
1| par Ao | f— mm““
b o . = R
r3gesefisine
T B3 K] B 1i|:|l:l"h|i'.'|":|.'|"ﬂ|
o
I:‘I'-Fﬂ:l'm
J'l:-'lu.n!" 'Lll:-.i'
y oL L
- i iR}
Chal a T - 3 3
q E =it ] [Tt}

19 4-8 AD7864 A& I =

Fig. 4-8 Application circuit of AD7864
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9 4-92 ADST864 7t A Am Ay 3mImo|th

kil \\\
= 2okid OPA3AD +IN
Bipolar gl C—yi i)t ,1-/ — -IM

< ADSTEE
= R,
d=r . REF q ;r fpim 33
7.5
BIFOLAR INFUT R Ry
=100y kit Sk
0] ik ¥kl
tE 3% dik 2kLa

a¥ 49 A/D 98 Az 3=

Fig. 4-9 A/D Input signal circuit

ADS7864¢] 7t Ald-2 wpolEgtz YHS wrow ofgr T Al A7
& AT R,R, o AA0 & AFATE 217 4-10904 B¥ AHdR Y
S s o &R o]z JFdHS Fo]7] 93] BNC connectorg AF-E-sh
o] 77

R low pass filterg AF&3sto] 11d AWME O 2913 Fako o5 g3k

= AA Az

29 4-10 A/D AdE 4EH 3=

Fig. 4-10 A/D channel input circuit
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4.4 Digital to Analog Converter

Ho=fol] AL83 DACE DACTS64=M TIAMY] AlFo 2 4709 AdS 7}
A dok WHF FxRE 29 4-119 23 R4 8§ 25 a9 4-129 2
o] &gtk =¥ FAE H 46914 12bite] dHWOlEE R/ W, (S,
"LDAC 7} lowolil RESET - high Aejold A0Alel oA AdE
Aeste] &9 sAET S 7} low= enable® AFejoll A 2F 100nsol A
) 160nso]’o] HojoF Fask dolg 7 AdS F3lA 128 E 9 resolution
S /HE AR oldra F¥og B § gtk o] DACY #lHH =<}
S +/-25VE Fi opdE F9 At W= 25V ~ +25Ve|nh[17]
UAY 2 dstel 2718 AdsE e

(Vv -V )*N
V our=V rgrs + REFH4O96REFL s} 2},

VREFH = +2.5V, VREFL = —2.5\701.17- N‘% ?:]16'_:1] ‘:]X]Eé] 12bit %}(C’] E}

78

Ve Mmen
3 L}

L]

pes AC .5>—

i

2| o |
DENDai -

Ve

7
if
i
:

- L EI>—

i
coma | $= ae e DAL :>_
Legh et

i
oier [T :|>—

IEKP

i
P_
t
7
¥

Wi

o

i
%

T EERS

o

Y Y YY

i

\ﬁ%

MEET [MEC e Vi

19 4-11 DACT864¢] WHF =%
Fig. 4-11 Internal structure of DAC7864
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¥ SO0V Chip W -2 SO
= Lo el =
L 1| Veern Vg | 28 L
;-'E.'-'Inq-;-'f.'-'D—E Youra LT —_— E—O 2 5 o 7 5N
-5 zwthwD—E Voum Viurmm E—G 20 o +2 8 5
+ T ] v Yoo [2] T 2
14F o 10uF 0.ApF oApF WF 1o 109F
L= T _Au]emw nc [ 21] L L
sat DACe™ >—] 5 | RESET 7= [ s} ciip semas
L.:-.:umcmnsufn—'z LBAL &0 |2 Hudiress B
'FE DR at | = o Decodw
E DE1 R EI—Crmu‘-'m
E Dpz oat E-
Dal Bus <, E [R]e% nEi0 El
E [N oEo El i [lotm B
los oo [s]
[ 1] oea oar E

19 4-12 DACT625 #§& 3=

Fig. 4-12 Application circuit of DAC7625

¥ 4-6 DACT625 Ao =2 &%
Table 4-6 DAC7625 control logic truth table

STATE OF
BELEGTED BELEGTEG: BEATE &F
HFIT (L1t ALL DAL
1 l i ] ArEEY | R RLOSTER FLHSTER REHSTIRS
Ln L L L H L & Tz parsni Tramipasri
L [ L L H L E i pmd] Toiin st
H L L L H L = Tram pareri Tramiparsri
H [ L L H L [} Tiws poasn] Trda el
L L L L H i & Tranpmsi Lol
i 8 i i H - E Timr st [E°S ]
H L L L H ol = Tranpms| (B ]
H [ L L H - =] T parsni [E5 ]
L L H L H - B Has Rk Ll
L b 2] L H El H Assdad Loied
H L H L H - [ AnnTdrh (S ]
H i H L H i =] Asxfad Lot
N L] " - H i HIHE (LT T | Trdiiarsr
] L] ] - H - HOHE (4 Lmdched (B0 ]
L L] L] L 5 ALl P o Frai st
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1 4-132 DACS 2839 sReln 1 4-14%= dd iz Ags

regulatorst= 3| 2ot}

(o} ‘ — i

o L ¥ b

(o] Lo - .

19 4-13 DAC =9 3=
Fig. 4-13 DAC output circuit

L | , .
—i_'—'_-—'— PO = T - [
bt el - — T -[ = |:;. T o e

il - = uL - 1

%9 4-14 DAC #lH#A~ AQ; #A 3=

Fig. 4-14 Reference voltage generate circuit of DAC
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4.5 Control signal transmitter/receiver

B R A A0 BS o] g3kl PWM AfAEE $54 Felm @

golg £4A AF ZAEH 7} 5MBAEA =& AEHE 73 FA|0 7] 9
A alolo] Agl7E oF ImelWelA 2 2dsttta 7FAste % 4-7
ol 5 FAl5o] HFBR-1521, =419+ HFBR-2521¢1 A&7 8 Z 20me 7

2 oA Fad 545 & F v AS AASAH[19]
F 4-7 HFBR 7% 541 Ag
Table 4-7 Data line distance of HFBRs
Sigmal Eate | Distamee [m} 25 C Distames (m) Transmitler Receiver
S 13801 110 HFBR-1523 HFER-2523
1 Bl i (K} HFHE-1524 HFER-2524
1 Ml i 15 HFHER-15E2 HFIER- 2522
5 Wb | H 1] 4n HFER-1521 HFER-2521

gzo T4 1Y 4-15% 2ol sk

:
-
[y

T

v
1% 4-15 HFBRI1521/HFBR2521 A& 3| =

Fig. 4-15 Application circuit of HFBR1521/HFBR2521
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SAFe] po e AAEY] A3 WA xF 485 HW FlFAGAs
(Vp)= 167Veltt. 23y dAEAE7 20m7 old Smz A& u =19
4-16°14 1, °] AFE 30mAAELS & 5 Ark whEbA Veerl 5V o

_ Vee=V§r J5V-161V

o] Hlmg &AL #Hgato] 100808 HAS sl

T 48 $2719 QA7 A/BA 54

Table 4-8 Transmitter electrical/optical characteristics

Parameler Symbal | Min | Typ™ | Max, | Undis Comilitinms Refl.
TransmiLer Curp iy ET 6 | diRm | D = Gl mA Nares 1, 2
Optical Power TS B0 | dlm | T = WFmh, 250
Chicguit dpaleal Power AP T 1RG5 LT
Temperaturs Coedlelent
Peak Emiss=ion - [ nm
Wovelergih
Forward Vodlage W, LAG | 167 [ 20e | ¥ |l = G0hmA
Frarvwand Vidlagse AYpiaT 147 Lihra Fig. &
Tempaeratisrs CossdTheDenl
Effeeine [Mamcter I 1 mim
Miiinie el Apsetiii M4 a4
Heverse [ngiut Breakdown Ve S4r | 100 V| Dy = Dbph,

Viltapre T, = 54

Divale Capgacilaney Ca & ¥ Wp =k = MHz

Tise Tirne i &l n= (TELETEE Wit 1
Fall Timw: Iy ] ps | I = 1 ma




10 — e
>
.r
-
-E i
-
= g "M OVERDRIVE
= |
E e UNDERDRIVE
=
[+ 4
g
1
= N"C=T
—_—— 5 ——
g i
[} 10 il i ] &0 5]

f - CABLE LENGTH - METRES

a9 4-16 5 AlolE A AT & dFeke] @

Fig. 4-16 Guaranteed system performance with standard cable

B 19 4-172 Jepdoh

of
Ll

AESh FARe] Zhzhe] )

1 [0 MOT CORMECT DO MOT CONMECT &
AHDDE Ry
CATHODE 1 Wee
H.C. GROUMD
We, — —V¥o
5 DO MNOT CORMECT DO MOT CORMEST @
(a) FAIH (b) Al

1% 4-17 HFBR1521/HFBR2521 W4 3=
Fig. 4-17 Internal circuit of HFBR1521/HFBR2521
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Fig. 4-18 Transmitter circuit applied HFBR1521
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Fig. 4-19 Receiver circuit applied HFBR2521
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4.6 Encoder Interface

Encoder?] &= W2 npe} 67FA2 &/ 4 Ut}

A A, Open Collector B}F} &= 1% 4-203 o] transistor®] collectorg -
atoll A2stA @i aE FHots WA AE o Fak A2 Abg) e

2 AE A8 50me]dt (Vee=bV) 100me] st (Vee=12V)oll A F=2 A3k}

st N Powar S
_'<_" L GND
Encoder _-.:'__:_“ sier dksiancea

a9 4-20 9. FUEF d

Fig. 4-20 Open-collector type of encoder

=4, A4=2(voltage output) BFY o2 19 4-21°4 H 59| encoderd
AL =7 transistor collectorE Alolo] R R ()E A4dste] sl
Ao g2 HEAE 2m olste] F= A&}

Shield Cable

/ il |

Lo Hower Supply o

Dutput signal line o
.
o GND ¢

I_ I Ll I

Encoder ransfer distance 2m Max

a9 4-21 Ash 249F Ay

Fig. 4-21 Voltage output type of encoder

AA, Line Drive BFYJo 2 19 4-220]4 H%o] data A$89 4 E&
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wisied Pair Shield CGable

y,

Encoder |« T ranstar distance 1km Max|

19 4-22 Line drived 7Y

Fig. 4-22 Line drive type of encoder

A, TTL et oz 19 4-233 2e deoln Fddo] TTL IC |83
Ao 7 AEAY7 2-3m olstEM AF7F 2T noisedl] FHokd AL 71X

ATH,

R

+5V
Fa2 )T>—®7 e
| & ov
q GND

% 4-23 TTLE A=t

Fig. 4-23 TTL type of encoder

Al A, Complementary (Push-Pull) EFd o2 13 4-2404 HH AR o)A

HAEuHorg F%E commonolBE AEAFIF AAl E noised 7EhTt.



500m ©]3}(i=+10mA)e| F= A}-§ghr}.

19 4-24 Complementaryd ol 5T

Fig. 4-24 Complementary type of encoder

.

R85} 1Y A A% TRIS ON, 8

,_]
=
[\
rlo
©)
o
oy
s
i)

ol A&g A
<2 line drive types AF&3l7] $3] line drive receiver?] 26LS31S 438}

fox ]

%3 open collector &, totempole D AFTEHOE encoder AZE F

A 7hsstAl glezE skt

O vce
TR1
OUT, OuUT | TR1 TR2
0 OFF ON
IN
1 ON OFF
TR2
O ov
9 4-25 EREZY Ay



Fig. 4-25 Totempole type of encoder

a9 4-26 d=FY 949 3=

Fig. 4-26 Input circuit of encoder
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4.7 A<

FAo]7] Rl dadh 8 HdYL +15/-15Ve} +5VE SMPSE 53 A]
Eoleth. F7E +12VeH5V/-5V, +33V,+25V,+1.8V7F Haw do] 19
4-277 o] A4 3 2E FA sFSTE WA FANISITBE &F3l4 7|24 o
2 pol +33VEde]l o p I Ry, AZgel wek oy, Yol
AR Ht[21]

L] FAMISITE TP
L e I |
B i O T L
34 @ E oo oo e EaP T LInE ST 2l
A < | e
|' | 7
e I - = - - ) WOTLE
T !II.'- | :
P
| T
II:“ 4w
kit AR
Rt T 12ur
— %_‘: by

2% 4-27 +3.3Vpe,+1.8Vpe A 3=
Fig. 4-27 Regulation circuit of +3.3Vpc and +1.8Vpc

vV, B Tohe e ofgfoh
Vo=V ger(l+ R g9/ R 611)
AN Y e 1.25V0l 3 1,2 25V el B shhw
2.5V=1.25V(1+ R ¢¢/Rey)
MM Reo/Rey=1% FH Atk o714= F 10029 %S R, Ren® #
o ARG I 18VE  Ry/Re =0.44°12H4 R, =56Q°13

R =1210°%2 A< 33
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19 4-28 +5Vpe ,~5Vne Ay 3] 2
Fig. 4-28 Regulation circuit of +5Vpc and -5Vpe

a9 4-283| 20 v =5vE wEda & ) 2 23NN 1, =100
Fox s AEBH vV =1.25V(1+ RV a/R ) + 1 1RV gia=
5V=1.25V(1+ RV ga/R¢)+100ARV g0 °1TF 100ARV 8 &2 74 &
T UM 3=RVgu/R°l F=H R =24002°1" RV ,=172002°1 dTh
Cut 84S SAsiA dasts Aol okyet B e (transient respose) &
AR 7171 8- Zasth #lEdolH7F power supplye] ZE Al 491 %]

olgel Auel gAdE B ALT AL FAew ok

o

V,=—5VvE TrEe1 gy
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V0:_1.25V(1+RV62A/R62)
MM —5V=—1.25 V(1 + RV ga/R ¢) 1 Th.
kA, 3=RV pu/Rx°l =8 Rp=24002% FH RV ,=17202°1 2
],

off

T O AL A Zosy 19 SY= Bg ANAES AHE
9 10459 LEUE A AN E ASF AL vl AN FAskn 9
th B =R AE Fog EA4do] 2L 19 Y= vE AGAEHS AA

T -

skt [22][23]
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4.8 Reset ¥ Power Supervisor

2

19 4-293 7o) DSPO 49 resetAldE 29 % 42l manual reset, =
71 A Q7HA e Al W v E Bn 2 YHd o MAXT708] €
3 lows A AATE= A EP1IKI00QC208¢] CONFIG_DONEXl & <}
watchdog reset= Z3sle] DSP9] reset ¥ #Ho] ®Htd. 19 4-302 Elol

=S UER L.

J VCC
r RESET S/W

MAX708

DSP RESET 4_C

FT1

CONFIG_DONE
Watchdog RESET | EP1K100QC208

219 4-29 DSP AHE E5%

Fig. 4-29 Reset input block diagram of DSP

17ns

H ﬁmw

17ns * 10 Cycle

A
A

DSP RESET

MAX708 RESET L

200ms

A
A 4

100ms + a

A 4

CONFIG_DONE i:

1% 4-30 HA reset Efol™

Fig. 4-30 Reset timing of total
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DSPo A resetS A4 3t=dl L3+ AR ¥ 4-313 o] external
clock?] “FsolA A H19 “Fs5olA 7FA taexrekn mm 7F 2ns~7ns 744
AH & reset 57F low= 107019 H1 &9 Alo]lE &<t A3 resetS

A4 sHA H o

EXTCLE

FEEET ¥ ® LiiRESET.EXTCLEL}
i Klsbas & & C} i I &

WENTCLIHHTHL "M M Lper oL Ke-HIL) gy F

Hi

HEXT CLEH-HIL ¥ : |

"3.|_WM
i ‘—n— T = e L pm—

I " r"—fm:Hman

DAy _ - . % &
LEXTCLEH-HEH| - HEINH.J"“
FREUER, Apaa] } i A
. i'lﬂ Bkl HEIH-G O TRIILH)
TR i
[ "l, B L EEAWH)
R : Fi
, o W Wyl AN
[T A
A5y hranous h— "dis| RESETL-&5YMCHI
masl Sigrals
{50 Hookn B =

a9 4-31 A A 7E

Fig. 4-31 Reset timing

power supervisor& 3|2+ MAX708E Al-&3ste] FASIAT 19 4-32%&
MAX708H % E5%=5 Yetlidrh. 223, 23 4-335 BW MAX7082
& Aty Wstrt 9lo] threshold AEe 2 438V o]al7} HAS wf reseto

2 QA &3, manual reset YEH( YR ) low=E HW reset Aoz Q124 3}

=
i}

O 283 resetd vlolARIZRAAN Z7ISHE 98] 200ms( ¢ 4p)E 2t

lowZ FAAA Fojof oy 17 4-342 AA FA3% 2ol

_65_



HEEET

19 4-32 MAX708 Wi 5%

Fig. 4-32 Internal block diagram of MAXT708

2% 4-33 MAX708 Al E}o]H
Fig. 4-33 Reset timing of MAXT708

219 4-34 Power supervisor 3%

Fig. 4-34 Power supervisor circuit
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V. VHDL| &3 FPGA A4

5.1 AA AAF

a9 5-12 AA FAEE U dow zhzhe] Ve R 2531 AAA
AAsAT. A4S B SVPWM  signal  generator, encoder signal
generator, watch dog timer, expanded interrupt controller, wait signal
generator, ADC interface control signal generator, DAC interface control
signal generator, serial communication control signal generator, parallel

communication control signal generator % reset signal generator® T4 %

o gt

[e— " —
— i — J—
e —
E= e R —— e
s e
- - P
= SiE =
S a e m—— - P—
: == n
EE == BE=
= - s B : —]
e = ZE— ——
- - et ]
__E:h IE — imnm
r—r—rm—
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P . —— e
L D S T
e
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e S o —— ] et =t
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e e fre—
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EFE . - B
v r—rr—— e —
e L i —r
: oyt et — .
kel S v =
T e e s
SR e S L = e =
mimal e < oy mre———
- e i r— T R o
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= s e e 0N i
E i = — [ ] i ray e
r—m —— L EReaaa z FrT e —
i pt- ] ——— Myl pr——
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EE : i e - — SRS
s =l ] e me—— s reer s
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| g e o Ty e — - e
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- = M— H .
= —— . =
= e Jmi—pecges

a9 5-1 #A VHDL A7 +A4%
Fig. 5-1 Total VHDL block diagram
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5.2 SVPWM(Space Vector Pulse Width Modulation)

29 5-2= SVPWMSe AEHE7F dAsk= A3 S HER LT

» Periced X
il
- R
.r'r ® =
y "
s 5 :
LY H
' L H
# [ » |
i b 1
- | * !
# | ™ |
- | % |
¥ : 1
Eattam Fterupl T | —
Top Inbsir et : : I ! |
&b Campare Inbemek | | | Mn
Wit Compars Inberupt M H ||
WA Compane IPDeTUDT N M

% 5-2 SVPWMoelA JIHHE A g

Fig. 5-2 Conceptual diagram of interrupt generation in SVPWM

29 5-3 SVPWM generator 174 &=
Fig. 5-3 Symbolic diagram of SVPWM generator
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a9 5-392 A A FAHAEZEHAN PWME 57 98 A9l PWM
control register® &3] PWM @HAS AlztelAl st AAAIZD 4 Q1 &9
active levelo] 2HA A4S & 4 9o HHES ZAZ low/highH Al &

o]
AN

-

PWM dead time registers %3&| dead time® &3} dead time A 7+E 7
Ha 4= glom PWM active levelS low F+ high® A4 4 Atk
PWM period registerel| 3+ 719 s 95 5 dod ¢ F71&5 7F+H3}

= 2en 44 ¥ 5 QA s

* PWM_CNTR[= PWM Control Register]

151141312/ 11/ 10| 9| 8| 7| 6| 5| 4 3 2 1 0
1 1(1(1{1(1)1{1f1/1|1|1 1 1 1 1
x| x| x| x| x| x| x|x|x|x|x|x| OEN FLV STOP | START

15 ~ 4 BIT : Don't care
3 BIT : OUT Enable Bit
‘0" -> 2 BIT9] gkell whel A &=l o3t &9
(Force Mode Operation)
2 BIT . Force Level Output
AAR =Y HEs A4
1T > PWM =9 335 A2 High Level2 &9
‘0 -> PWM =9 3335 ZAlZ Low LevelZ2 &9
1 BIT : PWM Operation Stop

PWM Counter 522 TA Al7]& HE
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0 BIT

‘17
405

-> PWM Counter 52} TA 3F4 &<

-> PWM Counter %< $# g

1T > durd =8 (PWM Mode Operation)

: PWM Operation Start

PWM Counter &2 A|ZFeHA Tt=+= HE

&17
407

-> PWM Counter< A #slA st
-> PWM Counters A #alA] @A &+

* PWM_DT[= PWM Dead Time Register]

5(14) 13 |12 |11 (10|98 |7|6|5|4|3|2|1]|0
0 0 0 0 01010100 ]0]0]0]0]0]0
X | X |[PWMAL DTCLK DTC
15 ~ 14 BIT --> Don't care
13 BIT -—> PWM Active Level
1" -> ACTIVE High Level
‘0" => ACTIVE Low Level
12 ~ 10 BIT --> Dead Time Clock # A%
Y4 =9 Hloll s #53to] Dead Time =¥ & 4
Al F
‘000" => HI = 60Mhz
‘001" -> (H1)/2
‘011" -> (H1)/4
100" -> (H1)/8
101" -> (H1)/16
110" -> (H1)/32
111" -> (H1)/64
9 ~ 0BIT  ——> Dead Time Count %t
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Dead Time Counter & 37t

* PWM_TRI[= PWM Period Register]

S Ao
= =}

1514|1312 11|10 9 8 7 6 5 4 3 2
0/ 0]01O0]0]0]01]O0 010 010
X PWMCLK PWMPR
15 BIT —-—> Don't care
14 ~ 12 BIT --> PWM Counter Clock #t 274
‘000" -> HI1 = 60Mhz (DSP¢] H1 &9 F3)
‘001" -> (H1)/2
‘011" -> (H1)/4
100" -> (H1)/8
101" -> (H1)/16
110" -> (H1)/32
1117 -> (H1)/64
11 ~ 0 BIT --> PWM Counting Period %<& 24

2°0(=0) ~ 2°12(=4096) ¢ HA7A AA 7}

*PWM_U/V/W_REG[=PWM U/V/W-Phase Value Register]

1511411311211 10| 9 8 6 5 4 3 2
0 0 0 0 0 0 0 0 0 0 0 0 0
x | x | OVM U/vV/W

15 ~ 14 BIT : Don't care

13 ~ 12 BIT : Switching Leg Selection Bits
‘00" -> U/V/W dlolgd me} Aoz &4

‘01" > $1 A% ON A7

10" > ofdRt ON A7)

‘11" -> A% OFF A%
11 ~ 0 BIT : U/V/W 9] vluA Ao 7} gk
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5.3 Encoder Signal Processor
Y 54004 W A=y 4 AE F AYBYZYS 98% w9

A BT 9 ARBAT Q05 B A4S BE AL 5 A 47

LA
of e dAEd. M/T methods AH&aFaL €13 k& 2171 f18l stop

$ A9e W 1 @2 98 F dE ARIA QU BPHEE By

s ddiiil
= s i 1 — == = 1—.——-_-—u
= S — | | =
Sr— | = —--JI..._...J .
- e = . e _——T o
- - Sam sy ROSEE LN = 1 —
L o | e
. — s
e | oF L J— _—
= = =3 I
|
| =
— — - [ i
e ey [ [Ty
1 A - e -
p— r: e e
"= —1 R
'r"l - U 10 D |
oy
= | = - — 1—r_.7n-
=
TR
e mm—— =4
N ——
R - pr——
e -i-....:_- —r a
- H
— .
= =—|—$: -
=1r S—-
—a
ook -

19 5-4 Encoder signal processor T4 %=

Fig. 5-4 Symbolic diagram of encoder signal processor

*ENC_CS[= Encoder Control Status Register]

51141311211 (10 9 (8|7 |6 |5 4|32 |10

o(fojorofojo0ro0foyo0fo0yo0;010f10f01¢4o

P14
P1_4 | DIR_ DIR_
C P
F_CLK X X P |DEF_| « X X TW DEF_| X X X
_POL| -
_ONE| ONE o TWO
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15 ~ 14 BIT : Encoder Clocks AA 3+ HE

12 BIT

11 BIT

10 BIT

6 BIT

5 BIT

4 BIT

‘00" -> H1

‘01" -> (H1) / 2
10" -> (H1) / 4
11" -> (H1) / 8
: Mode

AR BaE AT A 1AM BB ST AALE

L=,

AR W=

T > 1A BAE AR
0 > 4A) BAE ARE

D ALEEE dmh e A5 wEk ol e o] ALE
1" > A 237 B 23Rt 90% oA uj
‘0 -> B A&7 A AEZHT Q0% ok uj

B
N37F A AZ R Q0% kA

* ENC_CNTRI[= Encoder Control Register]

15(14113]12{11|101 9| 8| 7| 6| 5 4 3 2 1 0
1(1(1|1|1(1|1]1]1}1} 1 1 1 1 1 1
X | x| x|x|x|x|x|x|x|x|CLR|INT|STO2|STO1| x |START
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15 ~ 6 BIT : Don't care

5 BIT . Register Store Value Clear

4 BIT . Encoder Interrupt Occur Flag
3 BIT . Encoder 2 Sampling Time Out
2 BIT . Encoder 1 Sampling Time Out
0 BIT :'1" => Encoder Start

1" -> Encoder Stop
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5.4 Watchdog Timer
a8 5504 BEwW WDOG_IDZt® WDOG_CON19] 39 8hit o] #&
= A =

watchdog timerel] 2ol&] 44 A7k o]Wel timer counterits clearA 7] A &

zkol ko™ watch dog controller register®] #t< 7 3HA

BA

3 watchdog reseto] WHASIAl Htrh A3t watchdog timertiell control

register? #<S A% clears A A Fo]oFsit}.

L L =
= EE——r

SREehad =2

-

LT — -

-
—  ETTITE | AL I e re
i ]~ 5 ] —fmo = p— —
[ = = —
- -~ _—|__:_ -
— . 1r

1% 5-5 Watchdog timer 74 =

Fig. 5-5 Symbolic diagram of watchdog timer

* WDOG_CNT[= Watchdog Counter Register]

14131211109 |8 7|6 |5|4|3]2]1]0
o(fojojojo0o;o0;o0{oyo0r0j0(0j010701]O0
COUNT_HIGH COUNT_LOW

15 - 8 BIT : Watchdog Reseto] Zgl™ W59 78S A2+
Watchdog Reasete] 2% % Watchdog Reseto 2 9li= A]7Fo]
5o 7h-E gke] COUNT_HIGH gtel 2 wi7t=] 7h2HE
sHAl HTh viel 7heE g3 COUNT_HIGH ghel ZopAd

Watchdog Reseto] 37} %t}
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7 - 0 BIT : Watchdogs 23<& A17]"1 COUNT_LOWZgto] € uw71%]
Watchdog Timer7} & 2t-& stH A Watchdog Timer®] 7}-H
= SRR

o] Watchdog Timer 7}%-¥ #te] COUNT_LOWS| gte] 7] #
o] Watchdog Timer 7}&H #& do=z 7|35 Al7|# &od

COUNT_LOWY] %3 Watchdog Timer 7} € Fho] Zo}xH
Watchdog Reseto] ZA3HA o}

* WDOG_CONI1[= Watchdog Control Register]

1514|1312 ] 11|10 ] 9 8 716|543 2]1]|0

0 0 0 0 0 0 0 0O]1]0]0]0]0]0]01]O0
X X CMD |HLD| CLK_SEL PASS_ID

o

13 - 12 BIT : Watchdog ModeZ Al &%}
‘000 —->HLD #t¥ CLK_SEL#S A4
WDOG 7} A skA =¥
HLD(= 11 BIT) 7} ‘0" o]" Watchdog Reset A E] =
AL =
HLD(= 11 BIT) 7} ‘1" o]™ Watchdog Reset©]
WDOG_CNT @A 2=E ¢ COUNT_HIGH # &<+ Reset
of Al AUn7t Ao m IHRHA F
‘01" =—> Watchdog Resets2+S 3lA 3t
‘100 -——> Watchdog Timer® 7}¢¥ 7S Clear A%

‘11" --> Watchdog TimerE 52+& A7

A]
o] A& FAAI7I A o Watchdogt &2t= 3HA

o) O 5
Ba g

R4

i

F2AS otal Y HAAE 5 gl
11 BIT : ‘0" o] Watchdog Reset JElZ A& ¥

‘1" o]l Watchdog Resete] WDOG_CNT ] A 2~¥ ¢]
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COUNT_HIGH # <t Watchdog Reseto] 2 Slti7t A&
o IHEA I
10 - 8 BIT : Watchdog Timer?]
‘0000 --> (HD)
‘001" —-> (H1)/ 128
‘010" —-> (H1)/ 256
‘011" ——> (H1)/ 512
101" —-> (H1)/ 1024
110" —-> (H1)/ 2048

)
o
(s
ol
QL
rlr
=
|m

111" —-> (H1)/ 4096

7 - 0 BIT : Watchdog TimerZ Clears Al 7]7] 93k W& oly Watchdog=
27171 Y18 WE S5 Watchdogol Al WH & U
WDOG_ID®] #3 2 s 7154 o HHds WE -

gl =l 9l

* WDOG_ID[Watch Dog Password Number]

5114|1312 (11|10 | 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 1 0 1 0 1 0 1
X X X X X X X X WDOG_ID

7 - 0 BIT : WatchdogE AAA1Z = o] WDOG_ID # ¥ WDOG_CON1
o] WDOG_PASS®] kol #Z#] g2 WatchdogE A A A17]7]
A BES WE o glth
o] #& AM&A7F Watchdog® 25 A171718 A& W o]
Default & A&l = ¥l AREAZF vhE ghs A A sk

T o#n
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5.5 Expanded Interrupt Controller

a9 5794 mw 23 QEYEL DSPe 9 AEYPE T N7 °l
cascade® T2 AAH Ak JHHEES 1A s F 9o,
Priority= INTIelA INT14 o2 steivh IHHE 7 FA A EH §A
of HAE QAHHE F Aol o JEHERY AHYsA @ JdHH
E Q4 Al37F DSPE H Yo o]

g < LOWASE HulojFrh WA o2 defaultd ¥8g Algbs<t <l
HHE A& 3tA oW b5 499 JdHHE tgk e A5 E &
AN JHHPHE 87 S E Hule Alold 2AE 2ss FAEY, <l
HHEES #3988 u o AHHEY} HAHN= IS &7 98 2 &3 <
Bl Eo] 3 offset vectorE DSPE 2jo]E9o] DSPe QEHHE WEZH
branch & o=d~E 7IXAEY. &3 AEHHES offset vectors |3}

E e 19 56 o7 e &

n+1

Offset vector

£9

v

a9 56 AHPE F4 wHE

Fig 5-6 Flowchart of interrupt



DSPellA &4 JHHYES Agstr] A= oF JHHE T INT0
AEHHEH Av]2~ T8 oA &3 AEFHE controller®] offset vectorg ¢
oo YAE JAHHE a77F olw &4 AEHERJIVFE gelste] Lo of
g JIHYHE AH 2 FRICRE BY|8tEE 223 gjofglit

D IACK Az =49
@ offset vector ¢}

@ INTO_vector_addr + offset vector® 3&}°] branchdt

T = y
:- -:. Eré- : ‘x F:_:-IE. :—_ __-E._I.: I ' "!:I"H
r__:% == =‘ - Tongg |
Sebs =S [ N 111 S —

19 5-7 Expanded interrupt controller 74 %=

Fig. 5-7 Symbolic diagram of expanded interrupt controller

%« INT_IR[= Interrupt Control Register]

151141131211 |10 9 | 8|7 |6 |5 | 4] 3|2
o(fojo0jo0jo0j0j(0j0101010[0}]0]0]0|O0
INT|INT{INT|INT{INT|INT|INT{INT|INT|{INT|INT|INT|INT|INT

1411311211 |10 9 [ 8| 7|6 |5]14]13]2]1

x |IMF

15 BIT @ EX_INTZ
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14 BIT :

13 BIT :

12 BIT :

11 BIT :

10 BIT :

9 BIT :

8 BIT :

7 BIT

6 BIT

1’0l INT14 Enable
'0"e]™ Disable
EX_INT1

1’0l INT13 Enable
'0"e]™ Disable
SER_INT

1’0l INT12 Enable
'0’e]™ Disable
PAR_INT

1’0l INT11 Enable
'0"e]™ Disable
AD_INT

1’0l INT10 Enable
'0"e]™ Disable
ENC_INT

1’0l INT9 Enable
'0"e]™ Disable
BOTTOM_INT
1’0l INT8 Enable
'0"e]™ Disable
TOP_INT

1’0l INT7 Enable
'0"e]™ Disable
W_INT_DOWN
1’0l INT6 Enable
'0’e]™ Disable

: W_INT_UP
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'1’o]¥ INT5 Enable
'0"o]™ Disable

5 BIT : V_INT_DOWN
1’0l INT4 Enable
'0"o]™ Disable

4 BIT : V_INT_UP
'1’o]¥ INT3 Enable
'0"o]™ Disable

3 BIT : U_INT_DOWN
1’0l INT2 Enable
'0"o]™ Disable

2 BIT : U_INT_UP
1’0l INT1 Enable
'0"o]™ Disable

0 BIT : Interrupt Mask Flag
17 ol HA JJH HE Disable

0" o]l AA ¢ HE Enable

* INTBUF[= Interrupt Buffer Register]

|14 13(12 |11 (109 8|7 |6 |54 3|2 1 0

1711 1 1 1 1 1 1 1 1 1 1 1 1 1
INT|INT |INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT
14 1312 |11 |10 ] 9 3 7 6 5 4 3 2 1

o] JH Y EE read/write 7} 7}5 3t}

X X

AHHEL Ao #HHoR AHYPE Sof At wMHoR AT
EZb Fased A8 QHAE MR ge 9u AHFES e
g GEYET Aeld @A AL o AEPES} el o] AHHE

dA = S 5 St
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* INT_ADDR[= Interupt Occur Address]

15

14

13112111 (10] 9| 8| 7] 6

5

4 1 3| 2 1

0

1

1

11111111

1

1 1 1 1

1

X

X

X X X X X X X X

INTERRUPT ADDRESS

AQEHHE Az FHom 7b7] 98] INTI~INT14F ojd
A=A 47] 98] Interrupt Occur Address®] S 21o] A
2 A}83le] branch 3 o= 2E AAEA dr) o] AHHUE g 2s

olg3te] AHYE WElo] olH AHHUE Auls FHOZ branch 347 #

.

INT1 --> 0XO00h
INT2 --> 0X02h
INT3 --> 0X04h
INT4 --> 0X06h
INT5 --> 0X08h
INT6 --> 0XOAh
INT7 --> 0XO0Ch
INT8 —--> 0XOEh
INT9 --> 0X10h
INT10 --> 0X12h
INT11 --> 0X14h
INTI1Z --> 0X16h
INT13 --> 0X18h
INT14 --> 0X1Ah

NOT INTERRUPT --> 0XFFh
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5.6 Wait Signal Generator

% 5-8l A BHHIsts 8/ FRs RS da] 77 waits: = 7 3

393, 247 wait A7 % YEA F 5 AA T

T
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e g = man
[ =
=g T - e
— B Ll LN
= o PE—— |
- —— e ey i e a
1tem, e
m gy o —
-
- = —
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19 5-8 Wait signal generator 74 %=

Fig. 5-8 Symbolic diagram of wait signal generator

* WAIT_REG[= Wait Register]

B4 (13112|11(10} 98| 7|6 |54 3|2]1]0
ojoyo0oy0j0y0jo0fo0y,010}0}010101]071]0
ROMZ | ECSZ CS2z2 CS3z CS4z CS5Z2 CS6Z CS72

15 - 14 BIT : ROM< Select & W] WaitE 3+ HE

13 - 12 BIT : AD #¥H H#H | =55 Select & Wl WaitE

=

==
11 - 10 BIT : DA ZIHE o] 2H-E Select & wf WaitE T+ HIE

9 - 8 BIT : Parallel §41 Qg o]~ BE Select & W] WaitE & HE
7 - 6 BIT : Serial 54 ¢lg#H o]~ FE Select & W WaitE &+ HE
5 - 4 BIT : Wait $A5-Z Select & w] WaitE F+= HE

3 - 2 BIT : PWM A FE Select & vl Waits F+ HE
1 - 0 BIT : Encoder 4&%% Select & W WaitE & HE

CS2Z,CS3Z,CS4Z,CS5Z,CS6Z,CSTZ+=
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"00” --> 1 Wait
"01" —=> 2 Wait
"10" --> 4 Wait
"11" —=> 7 Wait
ROMZ$t ECSZ+=
"00” --> No Wait
"01” —-> 1 Wait
"10" —=> 2 Wait

"117 —-> 7 Wait
2 HIFHE 7|22 Wait7F At H A DSPo| 2+ Ready 235 Low
2 o]
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5.7 ADC Interface Control Signal Generator

29 59904 mReke] ol SEAA0~AB)E ol &5te] 6AY F ALS

d& AEsA i ADCOl 948 F¥8&ew Fig 8MHze WHE
ADCZ HuUFt} AD converter’} $83E AS dEs ANss d3d
REel o] Ho shalth
FYIEN 1= 5 S e = J
:lu:f: ;:E » ___! I-I" T :._,- e m o
.-5'_'_'.. '
L
.E L e TS
T .--:.-'1—‘_.'.—|_I BELA R -
T T e * -'H-\.:-_'h B B AL e -
CaLpa e 4 AR
o
o = :..'.I e — RS
TR L ey - T * -‘E_,I—ﬂ'“'—:h BLAN Cad
FIE LI = T .I T R
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e e [t

o

LU o BTN

29 5-9 ADC Interface control signal generator /3 %=

Fig. 5-9 Symbolic diagram of ADC interface control signal generator
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5.8 DAC Interface Control Signal Generator

a9 5-10014 2H sk

Da o5
E1_DED

BL_CS_ AR

= [_DEF_A1

EloSi_RESET-

g 5 ol

=

=g ~ol A0S AlS o] &3t 4719 AdF
stgith 18]al Ho]EE DSPolA DACE w4

Rbsoldlo] DACS LpAc ¥ d#Hoz Fo.

T 0D 05

Bl [ %A AT A=

L B (a_CHE

L B [ RS

ATA™ AT E
i s U
5 | >0
C—— s . ._| F
[ ._| ),
CREE
-
L-
i L o

L B D R

—

L[5 PO _SWd RESET=

19 5-10 DAC interface control signal generator 14 %=

Fig. 5-10 Symbolic diagram of DAC interface control signal generator
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5.9 Serial Communication Interface Control Signal

Generator

A&7} PC(personal computer)oll A Z&2 138 MAX232E E3 ZUHHS
7] Y&l serialZ2 £41S & w serial Hlo]E] S 8bit parallel® H}4-o] DSP
2 3% 4 A 8= TLI6C550 ICE AFgstdth. 295-11914 ®d
TL16C5509] #lA=HE A"str] flal oF9] ol=#=20 A2~A0E AH&3)
21al EO_SER_ADS™& &3 A8 A9 oj=dads 4 5 A 3
At} TL16CH5000 A receiver error, FIFO mode°l 4] timed out, transmitter
holding register7} Bl A AY, B e AHHET} enable S © AEHH

EZb wARE AS g dugEe] Yo Wi stk

L R T o ey T e w1 TERCTL
e g m LT T
[TLr :h—h—*—l‘“ﬁ

rme g o ¥ L!._,l—T—-—z'ﬂ"' FELEI
" 1 T  ——— L T LT |

=

1 e S LT e
[T — 4Iﬂ—T—-LI—4—
e e e e R T

=i

e — Eh"'-l | "I—_b-a—!l-'l-l—|= AU

TS B, S

e
e, Rl u - L iy SR geome e
s moary- Tt I o po TR
TN T e = “

™

. BLEImT ol 1""' L e R T
S T N - 1' _F. ey =l S LI
b mn R lrjﬂ—il-l-l—:' .

u [ = T

(RS T L e e l -
—1> = KLY, L

19 5-11 Serial communication interface control signal generator T4 %
Fig. 5-11 Symbolic diagram of serial communication interface control

signal generator
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5.10 Parallel Communication Interface Control Signal

GGenerator

} ] read /write 2!

o e A3

m 2
offt
2
o
ok

T [ o '_|::' G, CO_PAT_VoF

. ] 0 f — EI_FRTRD

o = — 0 Ir'-c |._, o =
[L_PRT WT ol I’ 1L — BO_[rEH mfE

19 5-12 Parallel communication interface control signal generator 4 %=
Fig. 5-12 Symbolic diagram of parallel communication interface control

signal generator

5.11 Reset Signal Generator

195-1391 A B DSPol|l #AlS Hul7] $13] 9F-9] reset ~91A &}
W52 watchdog timerel & A E Al A5 o5 DSPo Al A5
s HuUA "Hoh

BI_SW RESET  ——m =
WO FESET [ et

e

i 5 RESET

219 5-13 Reset signal generator 73 %=

Fig. 5-13 Symbolic diagram of reset signal generator
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VI. A4 23 " AJEd oA

6.1 SVPWM Generator Simulation

I3 6-144 EW SVPWM =¥ 2 gl PWM_W/V/U_UP
PWM_W/V/U_DNe] z}7] & F7]9] oz =85 AS & 571 3
ot PWM_U_UP¥} PWM_U_DNof| A HW delay Al ZHHE A AF oA ZF2 5
iz Aol compare A (W/U/V_INT_UP,W/U/V_INT_DN)el A, =181
up counter’} €4y AlECl top(TOP_INT) A QJQEHHEYF @A QS
S % F Utk

St il | O REAETET Ewal [11Ea |
[ s

>

ot

— VikE Y 1 I [ (31 LT ] 11k (R 1] k= il
=B T T l

= Ponl W fE I
=P [
=P L RES L |
i~ P TR [

o= PN FERET LI ||
ez | ]
DL - _l O

= Foid [WH |
e |
s s o1
-u--_1-'_.r-1.-.1|! 1 [
I
I
|

o ¥ AT IF ||

=i ¥ [T DO

= || AT IR

o || T DO

= TP

= P W
i PO W ; | i |
= PN Y 1P
=i PV O | [ |

i Pold i 1P L B |

i PRAL_LI O | [ |

= EOTTOM T

1% 6-1 SVPWM generator simulation 33

Fig. 6-1 Wave form of SVPWM generator simulation
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6.2 Encoder Signal Processing Simulation

a9 6-22 BHW g8 A3y A5 Al Bl CHoR S0l 99
A2B2WE Eolov A4S EF fdEHez v gl Jhed 7 gH(ENC2_TL,
ENC2_TH, ENC2_M, ENCI_TL, ENCI_TH, ENC1_O, ENCI_M)< ¢}iz}
e Aldol A ZF AA AE(POS2, TL2, TL1, POS1 5ol #& AGAIzl &

ol 87 w7bA dA 2l ghe Agstar sl

:H.

T ¥ (e [ Ix oL
- - @ o - .I
-—
] 1 I
wr |
=
i |
il -
o
= e ____________________________________|
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- OO
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—
- P T e S Y e 1]
ur e
L=
= } ] : I
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el 1
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— 1 1
e =]

P ig

19 6-2 Encoder signal processing simulation 33

Fig. 6-2 Wave form of encoder signal processing simulation
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6.3 Internal/External Interrupt Control Simulation
INT1~14 Toll JHHPE JHEL S 5 glon a7 6-394 BE A
7ol INT11 ¥ INTI10°] FAel low= <SEHHEZ} T4 ]

o

b

o

REG_TEMPI A 11bit, 10bit7} low7} £ o2 JAHHEZ HAH S IA

=

"k Aol F Jlel JAEHHEZE Eoigkr] wlie]l INTI0 CHYPE”
priority 7} 7] wj&o] OUT_TEMP®lA] 10bit7} high7} =olA @A <16 g

-

E= INTI0Y S &3 ad. 283 INT_SIGNAL®] higholl A lowZ = HA
DSPell QJIHYHE AsE HujA #rh
ey |Il:II:|| |

wM
[
= ®AT
i S0
DRI 1R 3 [T ]
WTAT | @
= w11
. BT
Juie— i1_ALe
el i L[ | I | | | | | )

o B TR 1 I—

i 1T I § TR |

P ALUELEY B - ]
mame s

PR T_ADDon g1 [TEIE

o R (T HELEIIBIRIELE T [R1L GIEIRIELE B RiERRIRIET I

_F m;_l'" mnarmnmn _rl 1t ||'||'||:|: mmmmnnnm

i A T LIRS INIRIRTL 1 |IE:"|'I|I|I| HETIIsIED

T T T N 1 | A TR R LRI b I I IRIED BTG S IEIELET
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19 6-3 Internal/external interrupt control simulation 3}3

Fig. 6-3 Wave form of internal/external interrupt control simulation
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6.4 Watchdog Timer Simulation

watchdog counter registerol A A%t 71H 3 <k JI+HE 3ot
FHEE S clears A71A @e Wl AT 7heH Fho]l ZobA W resets =9
s WY I 6494 HW COUNT_OUTe] 7l&HE Al#stthrt
watchdog count register@t®} 2o}l DOG_RESET®] highollA] low=
watchdog reset 215 & XU A #r}

T — S > — T w—
i [y
- Vel 0 0u Tha L T 00 0w e b Wim Wk m
e 1
] 1
w0 00 i
SO0 _OT 1
LSy i
L3l | ]
i ] q
[T IE. 0 i (TR
o = e [
S COUHT i i
oAl ey [T AL
& e R T 1
| et ] e L
aF D N EA 1
o OGO T [T
R T = ] TR
& O_COOET B AT 11
& FWOOE L ~rmait
o b ot o] I |
o R o [
i DsuaT W 1 | ¥ T ]
o e [ T [
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A arda? WA I T O
o _ERLET 0| o
a0 COieT b ¢ 1 CETE]
o D0m_ e [ Ia0 L
0T T T T R A A A T T AL

19 6-4 Watchdog timer simulation 3}

Fig. 6-4 Wave form of watchdog timer simulation
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6.5 Wait Signal Generating Simulation

1% 6-58 BW WAIT_REGE &3l wait registerel @< 445 g &
CS5Z= chip select A& 5 R o RDYS| 21&7} higholl A4 lowZ 2cycles
oF low active¥] o] DSPo] READY 4z 2 HuUAl =& 2S & F Ak
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= A I | |

i L] i |
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i s
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e AN B
& o THOOUNT_[ERE [y 1 e o]

o wImmAT VAL | Bm

e AT TEA Bl J_I.ﬁ:l'l'i'ﬁl
&k TG 0 3 UKL _ammm ] R
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219 6-5 Wait signal generating simulation 33

Fig. 6-5 Wave form of wait signal generating simulation
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6.6 TA7 €49 o3

2% 6-6& 349 U/NV/Wel PWM 9 49 &9 99& A= e pulse
Zg AN EH gated BN EFHEE AL dEdn vk 1" 67
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Fig. 6-6 Wave form of U/V/W PWM
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Fig. 6-7 Dead time wave form of U-Phase
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6.7 AZH FA 7]

a9 6-7S FA7]E 330mm x 247 m(7}E x A=) A7|E PCB
Alayer= A Z+E Aol

29 67 AFE FA0)7]

Fig. 6-7 Real hardware of main controller
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Abstract

Main Controller Design applied TMS320VC33

for High Performance Servo Motor Control

Yoon Seong Eun
Dept. of Electronic Eng.
Graduate School of Changwon National University

(Advisor : Prof. Park, Seung Yub Ph.D.)

This paper is a main controller design applied TMS320VC33 of DSP in
Texas Instruments to be used high performance servo motor control.
Main controller circuits are composed of ADC circuits for current sensing,
DAC circuits for signal checking, Control signal transmitter, receiver
circuits for SVPWM signals, Encoder interface circuits for receiving each
types signal of encoder, Serial and parallel communication circuits for
monitoring various software variables in real time, power circuits for
voltage regulation of each dc power sources, Reset and Power supervisor
circuits for initializing CPU and peripherals at the first power input or
power fails.

Also, design is implemented in FPGA by using VHDL. These are needed
to drive motors; Watchdog timer for CPU supervisory, SVPWM signal
generator for power control, signal processor applied M/T method for
several signals from encoders, Expanded interrupt controller for expanded

external interrupts to 14 events, Wait signal generator for interfacing a
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fast CPU that is relatively slower peripherals, Control signals generator
for ADC and DAC, Serial communication control signal generator for
sending control signal in serial monitoring, Parallel communication control
signal generator for sending control signal in parallel monitoring, Reset
signal generator for sending reset signal to DSP and initializing FPGA
program. These function block are simulated by MAX-+plusll individually
and tested totally in a EP1IK100QC-208 of ACEXIK classified in
ALTERA. User can choose download method by PS mode or JTAG
mode.

Main controller are assembled on the 4 layer PCB.
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