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ABSTRACT

This thesis is objected to present the project,” PWM inverter using the
16-bit Microcontroller MCS - 196KB based for induction motor with the rated
power at el Horse Power “ which IGBT(S) are qualified being used as the
switching devices in the inverter circuit. Adjusting the speed is based on the
constant flux method which is to keep the ratio of voltage and frequency
constant. Besides, controlling the speed range is suitable for 50-100% of the

rated speed for selection in the optimized purposes.
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(1) AnesmefifluginsafivinmihfinAsuussdunssuanse (OC Voltage) nafu
1 v (nput) Whiuussduanunasnszuaadu (symmetrical AC voltage) ngusnaan
(output) Taeffinnauazanuiseausssldmugasnis

(2) Bu9fiMeflsTnausaa9RsAILANNIT switching "n'qm”ml"ﬁﬁnvm&nm pulse lu
n1s on/off nsafidluns switching

(3) umAumeanTastunafing lunngauniudoasitiu sinusoid waluneUfjos
U9 uﬂJﬂ&"'uLLNﬁumﬂﬂnﬁmx'lmﬂu sine wave ifnarflanflntinuluatjsion Fousesui
\hi sine wave azgnlfarumaingags

@) nslfemumaiideuazingahunans ﬁnqxl'iu?qﬁw?iﬁgﬂﬂﬁmﬂu square-

o .
wave Wi quasi-square wave

e d a s
3.2 ANHUTUDIANNNURTLTIAUNIINSUARRL

AMDUITUARAL  (AC frequency)

4 . v A 44 a o .

AMNINsTuasduauIsnlfuldaaudq lataeniswdauiAinoudlunisaing
(switching  frequency)raegnsnladndluduasiinaf lasAansnniaNdeee  clock
oscillator dauAUANNEIRT

PUAYBILSIPUNTTUAAAY (Magnitude of AC Voltage)

PNATDTNAUNTTUARAL aunsoasiazuld 2 v Ae
(1) UAmeuaneasduneiined Ae  USuAussunszuansaneandn  Themedn
o . = « } Ada’l’ |4¥ [ - a T [ 8
fnseene (gain) redueiinasly Tneddtarliauiunsadindussdunasines
@)Uiusnmeensnastunefisal  TnuasAusaiunsuansrdnresdunasines
L
14 TaenInfigiiavanAuvannns pulse width modulation (PWM) anArumsduaefines

AnwoizgARuTnusIAunsTIAAdY ( Waveform of the AC Voltage )

J 1 % ' b % ¥ t = e o~ - T & & ' .
muwlmnmqm‘mqmufn'lumqﬂgum wseiuneenaavdwafinafinaslutly  sine
al ] - dﬁl v [V ’:r d—ndd’ 1
wave fdgasiidaulsznauresanfluiinauthwnsasaiuacininasdonannan  gou

dsenavuresanflutin mantiaali As
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(1) ldagasnsaq (filter) W lUn1esumneanaasdunaiinas

@) W3 PWM Feamsandumaianiseanuuniunnsainfldetnaumunsandmiogas
funaiinaf

ABUSNNTARNAT filter NNFULIEEN 13uﬁmqquajn BENINGIT FevaanuLLnIag

[ %

Wnnnzaniuusaiuuasnszuaildluneasdutedine?  Sedwlueiinadldaeasindana

<

' ' o - a & L H o - { o -
malug s biAsmaANTuIwa dwinuasmenrasgdnsnl  GainlinnAug

13
a -

) 0 o & ] o oa - [d [ 37 ar :’/ 2L a uaddl
@eamnaideiy  duaziinasiess@vinwresBunefinedfen  daiulsllanlafann
ni Taserdemsairegnadudynyineenifidnrsesaniluinduetlioniign &4
aZlfmalianns switching TuaasBunafimefiues  TnedBnnsaiegtaiuusedimaenn
eanlilianmusdainatiwinad 238 1éun

- n"9 switching laamAanvidaaanaudauanFluiinilisiasnisean

- madeualaninresaananfluinluianefiianndage nsdiileunsaflufiter

(3 - o  as d' dl Adg dIA 1

qzianas szanflufinazgnindaiiranuige Taeddiiduifianannndd

3.3 MANNSMIULDIDULIDSLADS

(1) Aateinaduaininmgs

AnedinefiflugUnsninndnladuidainunaanalnng mainamudnlafumén
MMNuzesEunefinediiaEuanaasaivnaduinadanau
7 3.1 ednavannisasuivpsaiulwady Tnauldauluaaanuamefiflunaen
A 9 .
Iinaliidnladng
- L4 ar -Il ] 1 1 J U - - & e
@ind 4 6 S, S, S, S, Msaatrzuinaunainglnns uasvan azflada aduiu

L J ar 1 -
dhidansieaiuinaduaaliiunaealn siugl

m

ol

77 3. 1580k ey Ui 3.2 qUpdunszua
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dle @ind s, uar s, T acfinsruaiuhuminduazuaealaudinama A

dle dind s, uaz S, il asiinssusdariuminduasvaenlinufianns B Fediau
NNNURANINA

i liednd S, uar S, Mlatlaaduiuaing s, uaz S, fasinlinssuaiilvalyl
finaeanduiaaiuadylianduliaduiues

(2) A8n1surlsarnud

teauauuaMitlatlnadnd S-S, 16 Asunsaudsaradeeslnaduls saatnaity
Wadnd S, uaz's, Ua 0.5 3w slexnadad S, uay S, tla 0.5 3l wasyinnstladlnady
o v U v
MaduiiGasly sniulu 1 9unit Idaduazidlinduasy 1 seu viialnfa IladuuAed

ANND 1 Hz 1hues

Uil 3.3 gupdulnaguANg 1 Hz
1 ] 1 b v
loavdlidnadt S, s, uar S, S, Haszuiniu Wesnuanadndiassgn

Tawiaiu t, 3w duviklada Aadaswiniy =14,

7l 3.4 Aawd

3.4 PWM INVERTER

MANN13994 pulse width modulation (PWM)

(1) Single Pulse Width Modulation
Wun1sAIuANANNNNNTeY voltage pulse MY output T89BULIBFIABTATMMN 1

pulse ABAT cycle
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i e
Carrier signal

N T

Ac Reference
T -
0 - T »~ wt
} |/\

|

|

1

!

A
A

g1 4 S — Gate signal for transistor Q, |
. | ! '
Y S R S R ‘ !
Sy 2 3 2 23 | '
o { i
0 Gate signai for Q,4 , ﬁr l , - wt
v, n 2n
Vo b — —
- d -
0 i + + +
n-d o nyd n 3n
2 2 2 2 2 2 e
-Vt

U7 3.5 Single Pulse Width Modulation

angUf 3.5 wamsnisiufiadtygyiniinfisninn - uasussueinares dunaf

o

i = U ”A - o
wesuuuFaamaiien  dungddtyuineminiitnninadiiifiaannusinnaasanu@innig
=l 1 o v - Y sil dl o e
WituiWiey) sewinedtytyinidnede(Reference Signal) guUmatNwua A, Mudtyeyio
Carrier guanumden A esfiasindaesgUaducarriendusiaivunannudeesussiu

output

n1stiu A an 0 fie Ag IliAundsesiad (0)  waauain 0 fiv 180 B

AmFu dnmdan A, de A, iludulsaruanfiEund modulation index (M) deudlugsy

ns g
M=A /A (3.1)
AN r.m.s. TBIUTIAWBWINA @rNasamdann
- 3.2
2 (n4 82 /2 d 8.2
v, =" -—[ Vidw)| =V, |-
21 Jim-8f2 7T
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(2) Multiple Pulse Width Modulation v UPWM (Uniform Pulse Width
Modulation)

Whunsvinlidninu pulse Tuusiazpia cycle 1a9gilAduusaiy output H81u9uNAN
: U - [ 2 - 4‘ [ - dl o -
NN uazasAlsznauadfntinlugaduusas output dtyqraumEniiinndwiy
Mlunsdlauazilagunsal switching 284012 modulation Uszinnilifiasniifaanda

sendndyayrnuendariudynins carier (Waunefines wuiBadiamen) sl

v

Carrier signal

\VA\/A\/ AR 2,,

; T A A ]
AN

2n

Om Om + 1

fUR 3.6 Multiple Pulse Width Modulation

© ] 4' v
N1RUIU pulse ABAT cycle (P) 15an

P =1f./2f, (3.3)

4 o ,
wa f_ = armdresdeyyiu carrier

ANDITEY output

S
1

[

wt

e wl
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L4 i
wBNATNY modulation index (M)  fuiluspIuANUNGUEYIHA Na9RABNT IR

g9 M a0 0 Wy 1 MlFpnundrsaesiadilasuan 0 Wi T uasussy output wlasu

RN 0 T Vg

v 1 % ' o 1 o v
01 8 dWuarundraaesusiasWad 1A rms 289U596U output 1Aan

h
2 (n/p +5)/2 !
2 | Vidwn| =v, [2

(v/p —5)/2 T

‘VO = -~
2T
(3.4)
(3) Sinusoidal Puise Width Modulation
azpdeiu UPWM  uwsiauniteassusaswaduldouwlauiludndiusdanunnues
JI . o o P d’ a =l o v - o
sUARY sine Fytynvianiiinn TafsannaFaudeuresdoyyingwaaziiiuigls.e
ANgU7 3.6 (a) azdunaléidn deynuroudneded 2 doyanny waziiyusaariy
< o [ % d‘ ] L4 . . dl 1 s o :’r 1
180 83A1 ilunistiudunannisiidn gunsod switching egluanumeaiu tultiarun
inszualunandeaiuld  wensntuduamlfiuinnaduginminiinn uasfiaus
s output teaeinals

AmFuglR 3.6 () waseliiudtycyrowEniiaandtyeyio carrier femnaimen

1 1
«l

4‘ v ar a o ar v ar
TRzAFNATYYIUVENANNUATUI output ARNEIANLT 3.5
' [ i !/:’/ t << LY U -5
AN rms 18USAAU output wilTANIAEAWE 0 D1 Vg TaansUfudt M an 0 De 1 wen
Sy o 3 v o g0 o o a : o
aniifimuali O, uAnundwreaiadafiui m AazaIuisawiAn rms 189 WA

output lFannanniséail

)

/P
V, = V:(E —:m- (3.5)

m=1

1 ]
<

TuusiazAss cycle gUaRuRAFazNITigaLERATINANNT94AT cycle  ANATY

naNANNIaadaanauianduaas cosine

13 ) ]
AauesEnTuin (m) azuiudnuaunadluase cycle (p)  BRadilaTiaaungs

u

a: A' [ o o oY ° L %4 . B s:' Ar =
AL UNISR NI UINA S UTEENTINTN  waznn biuasaneeEn A NNt AANTY  wasl
z Q

nasianszualu inductive load Heuuan usiazyinlif switching loss HAMANIN szl

UsLAnsnneesdunafinasiananas
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pariuin SPwWM gnlflutunefineiiauauiadluaia cycle wnuda (p wn)

n: - g b 3
AMunEn g lutinfazanngag

Carrier signal

i e _éL
Act M= &
Arf\=—— = Reference
| signal
[
I\ ;r 7 P + wi
A
IV
ll;
:l :1
1* 2TV U T IR
) B e o N N e O
94 4 :l . 2r
M 0 O raCar
n 2n
Vo |

“OO00O00

SR

(b)

;ﬂﬁ 3.7 Sinusoidal Pulse Width Modulation
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3.5 Aasinas 3 wa

nangirass

]

U‘V [~ < ~
~ ~
~e—r” ~er”
/"“\\ P
V-W N
. ~
\._//
’/Q\\ -
W-U . .
e
~ -

U 3.9 maafulvasy 3 ma
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il switch $1 Ty S6 Tuaandlallamudamasiuanilugn 3.8 gUlmduaes

dy o < -; d. d‘dl v 3 ] ' o [P 4
nezuailaziiuaduresglaiudmaen  Alduandnuasdaminssndeaduwindy -
WAtUIIa119N1T on/off switch nanll  Aazinliannuteediiaduaewlild uasdi
wWasunnarsunsuzsumaginas  Assinldausueussdulnadures  Adud
wazuasulAduneniu

n1s on/off Audmazlugl 3.8 Aasinbineweimld  usrduasuanduns

on/offaagungni switching fasnsniiduliuameivyunaumale

m‘a‘muquLtiaﬁum@aﬁun@‘:‘m@‘f 3 W4 (Voltage Control of Three Phase Inverter)

[3

wmaudiesRasantupldunefineiaien 3 dald  Adazsiesssania A

3

b - « e 1 o~ v - ~ ol ' [ =l
i Bunefimeiusiavsin a5 NgUARNUSIAY output NHyNAMaiy 120 @9 uananil
s ldinaliamsauauussiuinanasnudaivduneiinad 3 wlald Wy neindia

Ky nvBninyn . uazgLARULIRY output IFiRRIN SPWM siagyl

1 R
L0 0 OO o1

omae I
(IR

71/ 310 3-phase SPWM

- wl

o

anglazdaunglddguadutegaiidugilaiu sine  usazaiiamsnaii 120 a9p
uariinauFeudinudynn carrier Audygruddanalamaniiinailag  Gween

adaai asFadtyoumInfiim (UasgARUUSIAY output ) Titaiis



— i e

B L e ]

1 1 %
Aquilsznaunannu Hardware

dauanfauafazndnnde  Wundaunsastidnmselindiouati i innlssneutuiu
(Pugautedunefines dalszneudas
4.1) Optoisolator
4.2) Buffer
4.3) Mos-Gate Driver (Control circuit)

4.4) 3-phase inverter (power circuit)

+5V 15V DC LINK
() () ()
mcro |- ISOOS\r'I'OOR —N surrer |- N R2130 | A RO -—MJ‘\/\(MOTOR
CONTROLLER |. — 7406 |/ Y B -
/1 6N136 /] 1 —/| 16BT — \\ .
JUA 4.1 uamdoutsznaumsuaiauad
4.1 Optoisolator HuthfiuenNnaIATadUNIY signal AUAIRY driving
. . [ - : Y & e ar dd‘d'y ' d‘v
circuit aananmuiiasannaliinaduasianieiaiugldlunstiniideunwiasisn

gUnsnl optoisolator qzm:huﬁ'rgrg'\m‘imﬂl'ﬁumLﬂuﬁaﬁﬂu Fuflunsusnanniiu malw
Hrae9sasidetnaduia uﬂnmn'ﬁﬂ'\aLﬂums‘ﬂmﬁ’um?a‘umuﬁmmﬁm?wd'\q signal My
driving circuit Tag Optoisolator 74 fhawies 6N136 Fail 1 Bunn 111w Fldiesldvy
vl 65aLTleIaNFRINTg 6 11T ¥lniden Shar

4.2 Buffer finthivnliwadilalndlAnsiuganad wasdaiininenseiudoyonu

1 v ]
Wlamnigenis TnalasnuillFresuussudu 715 Volt Wesanlu IR 2130 siaanas

usaoun o Indy 7-40 Toavt

Buffer N dilwuef 7406 Gl open collector Mnlditaiou Suwn (u invert fiu

.
1BWIHN

038657
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PHASE A

PHASE B

PHASE C

mp g

e ¢y

+15V
3
1 8
2 7
3 6N1361 6 [ﬁ:f -I—_._:
4 s g =
- )
[r———
b
1 R
2 7
3 6N136 ¢ ,-——-_‘- —L_;
4 B l z I %
3
1 8
R 7
3 6N136| & - —L;,
4 3 | = I ES
b j—- i
= = =
il —
<
3
1 8
2 7
3 6N136 6 I—J—-E —Lg
4 K l; e
pu
- -
3
i 8
£ el | des Lo
— T T= I
< < |
p————
3
i 2
2 6N136 Z [———‘: =
3 ; =S fot
& < | = =
45 T

sUR 4.2 uAAINAT optoisolators

10 IR2130

10 [R2130

10 IR2130
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+15V

+15V
15K
-

inpua from GaT3F 14
13
12
7406 ||
10
1
r 7 12

1.5K
inpue from'Bal3p 13
2 13
3 12
o 08

1.5k
inpiz from GAT3p 10
6 I
('7— 7 12

1.5k

o -

 inpuz from 6a13b 14
2 13|
3 12
o T8

15K
output tnput from 6n1355 10
e e s "] 18]
i 12

717l 4.3 uAAYWAT Bufier
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4.3 Mos-gate Driver gnlflunasiunawmes Insautlusadudynyineialiiun du

]
ey o

nafnafinaldiuneiined laeldlaswedives IR 2130 TelanantTmdall

]
o ol

-Fruounnun g saaiiaunatlu 10-15 Toan

L)

v

uMaeang  (source) FeafiAnAnudumusindield ¢ Flaunm charge WA
discharge 16151

_Haa1lu floating output e ltaansn §3nTan high &

NG

_@indRenuige

-gnunsnldnsassaniuiudyanumnsn Buns 1edlasnes 14

-IR2130 aza1u17011a3iaeasan clamping voltage waedtycynuls

_anansodlasmnsaslilunsiiusaium Taessuanseananfisnfautt Widh set uas
Rz 148l output aanun

-1 output 3 @ lusAeadearnsovn luwaun 14y 3 waldias

IR2130 # 6 @Miwm winily g@esdou Ae dau low :L1,L2,L3 uazdau high :
H1,H2,H3 Ty lo S&yqrtuann block signal gen wrsuhigh REHiNsENTZALILIIA
AN block signal gen rausaniuianing uariimsilaeiy undervoltage Taenin v w14
Tunns lock out &tytuntuaaanndu high ldldasnun

Input Signal Logic
AT NURANAITAININYEY IR2130

AN 4.0 UAANRNILENITININGEY IR2130

INANTNUAMINIINNNTDY  IR2130  dand1n  wudniunistlasiulunsdin
gunsnladndiinns on wheniuluanandeaiu duke & H, fu L, du 1 whaniy IR azin

1 L d
Wevinaflaidu o Mg
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1 ny ¥ ym a0 OV F !
e 4= | [R2130J ® -
o > 1t ™ Sl —AAA 03 c7
HN1 N~ i STRT a1 @ T - R1L e
HN2 >— e 'L w4 R9
HN3 »— A—TN3 < W R12 o
N1 = SR ws 1 Yy |
N2 > s w2 [ 1 5
N3 — s we W
FAULT 12t | 0z —>Phase A
Uimmp w 2 RS R13 ééa
c 3> 1% xn T .
A 11 "\u; 21 o4 - >Phase 3
ws — o, " R14 6@9
> 2o w2 Z Q& ¥Phase C
RL £ l R1S
e | = ®
oS
ke e X K Kipe
llv-
vy RS %as
R4
7 a3 Ré
o
JUA 4.4 uBANNRIAILANLAZNNTINEY A IR2130 iudadl uazld IGBT iflusadind
4.4 1-pahse inverter
v v
angthasidufiudansesdunefined 14 1GBT Wugnsaisdnd Metiidhunezan
IGBT fidenAe

(1) on-stage voltage e 1% conduction loss Yiassae
(2) high switching frequency

(3) Liisipaldaeas snubber

45 NTATIURTNITAIUINY

] v v 1 1
Aunefimemaivinlularnuivintwnlfiunawmefniianih 1 wasna 172

3 v : L - ] o 1
w1 dsenaumat dquﬂ?xnaummﬂ?ﬂLanmaundﬁm']mu

aazisnnawe; auna eive Dy +5 uax +15 Taasl e lfifulniRes i

optoisolator(+5) Buffer uaz Mos-Gate Driver (+15v) Thaiineasnadl.
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INS91

INS491
9Vauc
120Vne
W ———e. -——:--
9Vac
INSAN
220Vae

Taalussasisnqameisialdniauaaieanssiuusaiua

18Vac {) I AN

INSL

IN5401
A
N
1. M7803CT
Ll v 48V
% +
—=522000F  ==0.220F g
=T sov sov —0.uF
sov SV
o«
L
di' ar 4 «
7UA 4.5 UBAVNANINQAADTIUAUNALEWINA +5 faasl
INSA401
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I.M7815CT
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= sov S50V SrEAE
sov T 1Y
(o)
=
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2 aun

winulan i luneasldnail

Vae =(Vg Ve

VAC

rect

Vet * Viome )* Vaom! 1.414*0.92* V,,,,)

nsATINUSWA W RagRramlaulas angns

24947 regulator AMFUTIAUNTIUANTY +5 Taan

220 * (5+3+1.1+0.8) / ( 1.414 * 0.92 * 200)

775 V.

2947 regulator §MFLUNAUNTZUARSY +15 Toad

paudenld wlaulasifiusssudnmaagll w89 Taavt

TIRNITRAUITUNY TR
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Ve =220* (15+3+1.1+0.8)/(1.414 * 0.92 * 200)
=16.82 V_,
sodudenld whiawlaiiluseiuinmpond iy 17-18 Taavt

dau DC LINK  (hudauiiansusasunseualiuniqasdunafines taaneas DC LINK 14

Bridge Rectified Diode Tal#lsssisevimmeanunfiawiaiiu 310 volt(dc)

+ + +

~ -~ DC 31V
3.3u 33u 1000u
KDFC 3506 4sov  Jasov 400 Vde
AC 120V

M

A

. o em— AT

PESNE

: vy e e £ =

JU7 4.7 uameasasludau DC LINK
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o
Unn 5

lulasraulnsaiaas

[ ' a -
5.1 anﬁmzmumm‘lu'insﬂ'au'iwsaLa'aéma'an'l.‘z’(

'lumumm’lufmﬂ@ufmaLafamfmmfﬂmmu 1@Lﬂ’ﬂﬂl‘ﬂutﬂi‘ﬂ’ﬂuiﬂi‘ﬂlﬂﬂi‘ﬂi‘v

4
96 léiun 80C196KB m'l‘iﬂums*mumuuavm"]m“ryryﬁruwaa' mmmnﬁﬁnwmnm‘uumﬂ
Uszmsdads

(1) Lﬂuiufmﬂ@ufmaLamwmmﬂmmmmm (accumulator) 147m 8 Tim T4 232 §

mmmLa@n'l'nLﬂuﬁﬁu‘luma“\flmmnmﬂ -memJnmumm?ﬂ?"mauammmﬁ\ﬁmﬂ‘lu‘[m

ﬂ@uiwmLamuuunmmmuu@ﬂmmmmm muum‘lumLﬂumxmmums‘?ﬂﬁmﬁalﬁuﬂm

Anyawmeftuinudoriay Ani At uavwﬁqﬁmﬁqmﬁadwﬁanw@'&u
Waunsy daelilusunsuduadly

) mvuummﬂammtyﬁmwmanLﬂum@m@a 8 mmﬁtymm WA 8 viFa 10 Dg
lu‘luTﬂ?ﬂ@uTmmam Aisaea¥9999s AD 2

Tﬂwamawauamﬂ'lumuqmm@nhmutﬂu 8 1im,16 Iim w3a 32 O 15lne

mqmnmﬁmu Tmmmm‘ﬁoﬂﬂmmmwmm@m 'lwmm'muwmm

1 1 ' [
alayasinafily
Wl&azaan

(4) finsdagiiunrediaimefianzeantly 3 windows 1fun  H window , H

window 1, H windows 15 ﬁﬁuﬁ"u'l‘ﬂumi‘?’]’N?N(write,read

) WaldiReanaiuntiafinns
LR DAY

1] $ d °
5.2 dautlssnavusig qeadlulasaaulnsanasiiianly

(1) ﬁ“’:ﬁum 1 ( Timer 1)

& e e

dmuFUTA 1 989 80C196KB flaue 16 Tin mumﬂﬁuﬂ'mnq 8 iy

vmmmdum(samplmg ) 1N 1.33 psec  mathudnldly
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(2) HSO (High Speed Output)
Wumbedeeananuoge Nauisadandasdyyineentétie 6 49 wamas
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0CH en ¥ s 6 11 wioudn
0DH @oluiinalanu)
OEH | ?L%@G‘(’Jﬁ'uqﬂz {-Reset Timer 2 )
OFH fadumIutss fugraewrnandudlaea
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e 13N 5.1 HSO Command register 06H : Write : HWO
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(3) HSO CAM aflAnmousall
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[ Begin

J

/ Suf1 Ns

/

1 Frequency = Ns/30 {------ Ns = 120f/4
------------ Vims = 4.4
¥l Vrms
xf
------------ Vpeak =
1 Vpeak 1.41*Vims

"1 Modulation

Frequency

S m f = 3200/f

(#m7upulselu 1 cycle fundamental)

Sampling=
15000*f/50

WL T

Bl S

.......... L = Sampling/mf

(U8 pulse udnzgNLaL )

(S = center of pulse)
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Neg. Table (pt)
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(Macos § +L)12 =

Ow |

S1=S-W/2

S2 = S-W/2

pt = pt+pti

push S1
1---- 5EFO-5DF2

push S2

8AA1 Mf 89 1

Zero flag il
=1

ﬁ'\‘) set-reset
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47N Flow Chart a15n70881 8Nl E s

\iigean board Ay single board ﬁﬂﬂuﬂ?n'ldﬁ’]ﬁﬂumﬁ‘ run program 7 board
16 Aadenld register Ns(0040H) Tun1s¥uAn synchronous speed Aeans (e run
program u&2 az3uannim frequency Teedtyounnidisasilounawnes

N Ns=120f/p
vowmesTidentdifun 4 41 ey N = 120f/4 Q& f=Ns/30
anuazifunasmn voltage mmd’ryty']m'?{ﬂ':s‘qztﬂumnn'}?mu@uunu vif ALT
11918 AR = 220750 (ARAA) = 4.4 1§ Vims =44+ 5
Amiuazn Vpeak #fann Vpeak = V2* VimsTas V2 §iFn 1.41 Favhilu

program QTAM 141 19 100 ’NYUMN modulation frequency

2N mf=f /f

switching

'
-

X P _ v §— o
Then fswitching = ANHOW switching = 3.2 kHz = 3200Hz was f = AQINDNL

[ 4‘ d‘ v o [ . . o ::
AU T m, AlFazidusuamadly 1 period 194 sine wave reference NAIRINTUATUN

v
o =i

period 189 pulse IAEMNIAINAUIUATIN timer] 470170 Sampling Alaly 1 period 484
Wad anusiazgnananns L = 15,000% / M, *50 (Sampling AedAaAuAEBEAgIER

1294 Timer Ngus0amLl e L Aldazifuswanyiaes Timer 1 (1.33 Usec ) ifiam
period 1Auda azvinnswiqanananaesiadlay S=L/2
‘I L4 1 ‘l v v -3 dl v +
ansumiannanliuda fazm w iidluanundreaes puise sialilae

W=(m, cosO +1)/2 Tauh O Ae yuiildannislé cos iy reference

L

W

A
v

s, s S,
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L 74

v = 415 volts

ugs  m, = v peak reference v triangle triangle

unnaiiuen cosO azifivlugilues 256(COSO) d1uam 2,048 A ldmemafinly

WiaeanAn cosO azituamatiaufitesndt 1 suiuashadiuges m s cosO
m _ COSO= [V peak * Ananmsa / 415]/ 256

Taasaayusiaqliasmléiaan 360/ m, = yafisinafuaes pulse uiazan
\ f ] U

) [] v []
\adaandn cos Miulianfudy 2048 A Fafugnunsomiuitiasns=tanls

97N 2048 / M, UALAMNANTN COS 1wy word address Fauwldsuiiay 2 Fauded
checkidadiluduauinees 2 wieli frliasandn pt aslaslunisdnuon m ,C0s 6
n3tifh cosO Wuadnau ax NEG A1 COS naudIuau m o COS 0 ufads NEG iflusin

v | 7 ]
AUANATY  uARINYULA M . c0sO Al&uruanan L wisdae 2 azldrn W asnsn udamn

S1 (RILUUA set pulse) WAL S2 (RUMA reset pulse) Tag
ST=8S-Wr2
S2=S+ W2
udrazfinnsuFauiieumires S1 uas S2 neuwiniiAwintuazay S1 &9y 3 dou

v v v
s2 Avil¥aniiAaind s1 uaz s2 Bliliul3lumse  antuazau loop AUATLYNGN
:" o v v o [ ﬂ' v } 4 ' d.
NN M e 3 azldfumisEusiuaes phase B , Cuda copy Ananmsa

shift 120°waz 240° 11 15luA919204 phase B, C mndasu
::a v 1
dunaugavaiflunig set, reset puise MuAITnUAAL phase Tag pulse

phase Al complementary fuazu /Ay S1 usaumi reset 789 A’ uay S2 1w
Aume set 189 A’ fan@na Aarieuas set pulse NNAMI set A¥19N dead time
szutu 5 Psec

dryryniildasthy 3 phase uasfyanfiilu complementary fufiaziiy 3

] v ¥ 1
phase T&tyryrnua 6 satiazraidn driver wasinlidy IGBT fiaasdunefine eyl
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LifinszudadnanuGauasnssuadumm WasnAdaLaIEinTTTUaIMINNTALsaTin
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W2

W1

U7 6.1 usmansmaseLABRefInEdins:
T=9.8 (W1-W2) D/2
W1 = tutinassnssiild (kg)
W2 = thwinfesfegnuly (kg)

D = duruAutnaaawuia

o

o X
latuawmadl name plate fail

50 Hz 220V 4.6A 1450 rpm
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6.1.1 Fatlauusady 110 1aas 50 Hz TEuasei

WINDOW=HANNING

OVERLAP=0FF

AVERAGE=0FF

CH1
30dBVr
AC_CPL

-~ SNGL+

CH2
30dBYr

“|AC_CPL

SNGL+

INTERNAL

mal [RIGGER

CHl

_| NORMAL
FREERUN

A:TIME 1 § : i :
AT uglfu”u"u"u”u"u"u“uﬁ ma g
0.0 ? ss § % j 32. 0m

Y Div = 2.0V

-8.0

i1 62 usnsusidungenINNaBuefineHzdn ia A Al 21 (v,,)
AVERAGE=0FF

WINDOW=HANNING

A:TIME 1

OVERLAP=0FF

CH1

30dBVr
AC_CPL

| SNGL+

CH2
30dBVr

“|AC_CPL
SNGL+

Ll RIGGER

CH1
NORMAL

8.0 | § § § 5
o O
____________ oL

Y Div = 2.0V

U7 6.3 usnsuzdursananasasBuedinefzzdng mia B il neae (V)
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A:TIME 1
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OYERLAP=0FF

AVERAGE=0FF

CH1

8.0 |

RS R A r k- - B
; Z ] CH1
4 ; S R ; - Lo
| i ;
e S
-8.0 ‘ : i i
s 32. 0m

30dBYr
AC_CPL

,lu | SNGL+

CH?
_| 30dBVr
AC_CPL

| SNGL+

h SMPLCLK

ﬂ INTERNAL

gLl RIGGER

.| NORMAL
FREERUN

0.0
Time Length

= 32. Oms

71 6.4 usnUTIAUI88NAINNAIBUNERABTENTN 18 A L B (V)

WINDOW=HANNING

OVERLAP=18%

AYERAGE=0FF

CHI

A:SPECTRUM 1 X = 46. 875Hz = 1. 305V
1.6 : z : ] ! ] ; ] _ 30dBVr
: 3 : : E : E AC_CPL.
------------ S YU S ok oo SNGL
. L L |em
R i A . b io_] 30dBVr
! ! ; | AC_CPL
: | ! 5 ? SNGL+
y | | | | | ! | g INTERNAL
----------- S s S A ST | |, | (55}
; : : : ; ; : : CHI
» f ] Cob b | NORMAL
| 5 | | | | FREERUN
0.0l s s AMMLz z
12. 5k

U7 6.5

lllll



- S s

TIED mmems mELS S Momsvaest mmermm e moms e LA S

TR SomeE Sp o W SR e e owen e e e s J—

37
WINDOW=HANNING OVERLAP=33% AVERAGE=0FF
A:SPECTRUM 1 THD = 2.1371 % CH1
DLIST# X_VALUE Hz Y _YALUE ¥ DISTORTION % 30dBVr
] 46. 875 1. 328 AC_CPL
2 93.75 15. 78m 1. 1882 SNGL+
3 156. 25 15. 20m 1. 1444
4 203. 125 6.621m 0. 4985 30dBVr
) 250. 0 10. 65m 0.8021 AC_CPL
6 296. 875 2. 793m 0.2103 SNGL+
1 343. 75 3. 509m 0.2642
8 406. 25 2. 433m 0.1832
9 453. 125 9. 328m 0.4011 LK
10 200.0 . 3. 065m 0.2308 INTERNAL
11 946. 875 4.013m 0.3021
12 993. 75 1. 800m 0. 1355 TRIGGER
13 656. 25 1. 332m 0.1003 CH1
14 703. 125 4.093m 0.3082 NORMAL
15 150.0 3. 183m 0.2397 FREERUN
16 796. 875 2.295m 0.1728
17 843. 75 1. 300m 0.0979
18 906. 25 3. 114m 0.2344
19 953. 125 1. 420m 0.10869
20 1. 0k 2.181m 0.1642
Fundamental Freq = 50.0Hz A . _
U7 6.6 uanvzsTudARaNe T TU(THD) 1RadtyQ UTAUT 220V 50Hz
6.1.2 iatlauusai 220 Taasl 50 Hz Tinasai
¥INDOW=HANNING OVERLAP=QFF AVERAGE=0FF
A:TIME 1 CH1
8.0 . : ! 3 30dBYr
: AC_CPL
—— R S meb e NGL 4
5 T ; ! CH2
____________ 30dBVr
: : : : : § ; AC_CPL
| | | | | | P SNGL+
SMPLCLE
INTERNAL
' ; : i , ; g TRIGGER
; i ! i ! ; CH1
S S e A s S ____________ b b NORMAL
; ; | | | | | A FREERUN
-8.0 : ; : : : : ; : ;
0.0 S 32.0m
Y Div = 2.0V R o

U7 6.7 usmuadurreensnaasiuefineszzudne mla A i nsrad (v,
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WINDOW=HANNING

A:TIME l
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#*

OVERLAP=QFF AVERAGE=0FF

CH1

30dBYr

AC_CPL

| SNGL+

JHHH

IR i

0.0

WINDOW=HANNING

Y Div = 2.0V |

’ 32. Om

3‘1./7] 6.8 UAANUNALYIDENIINNITBUIDANDTTENTIN NG B ril nias (Vo)

OVERLAP=0FF AVERAGE=0FF

3.0

CH?
30dBVr

|AC_CPL
SNGL+

SMPLCLK
INTERNAL

i [RIGGER

CH1

.| NORMAL

FREERUN

CH1
30dBYr
AC_CPL

--| SNGL+

CH?
30dBVr
AC_CPL
SNGL+

SAPLCLK

-8.0

INTERNAL

(RLEIGGER

CH1
NORMAL
FREERUN

A:TIME 1‘ : 3 % ' %

i m """"""" w *l ””””” it o i
L

__________ “4"'””“““

- - § - ‘ _: - _S;r* _-:; ___ k:“ - 32._[.]]_“

77 6.9 uamauriumeanaInnasBunefinefzudn ma A i 8 (v,



e T — -
TS e BTIAL Rty ST mm RO T e W et

T TE Rt AR ¥ memers B o o

[ —— -
— Emam ey

[ —— e
e

ooy JR—
——D m .

v

39
WINDOW=HANNING OVERLAP=18% AVERAGE=0FF
A:SPECTRUM 1 X = 46. 875Hz Y = 2.625Y CH1
4.0 ; e : : : : f : 30dBYr
2 ; ; | | i AC_CPL
‘ e i _, ;. -,.._.._..._.A%.,_..A.g_ peen e _:r._ - _— SNGL+
g ; | |
I . T A AC_CPL
< | | | | | f é SNGL+
LINMAGW Lk R 1> 1F'LCL K
v g ; f ; : g ; ; ; INTERNAL
e Bttt §~— .o - ir- - - _.,EA.__.,,....._u...._.é_...._..v..“.n ;.. _f - [T TRIGGER
; ‘ ! ' i CH1
b SR R | | NORMAL
i i | FREERUN
0.0l :h A | 1Jmmt | i ‘ JMﬂML
0.0 iz 10. 0k
Frequency Span = 12. 5kHz |
U7 6.10 uansdaulsznavarfuelad AL I8UsIAUTTIIIING A 11U B (V)
WINDOW=HANNING OVERLAP=18% AVERAGE=0FF
A:SPECTRUM 1 THD = 1.9090 % CHl
DLIST# X_VALUE Hz Y_VALUE ¥ DISTORTION % 30dBVr
) 46. 875 2.625 AC_CPL
2 93.75 27. 14m 1. 0342 SNGL+
3 156. 25 27.91Im 1. 0633 CH2
4 203. 125 12. 33m 0. 4699 30dBYr
) 250.0 17. 98m 0. 6801 AC_CPL
6 296. 875 4.553m 0.1734 SNGL+
1 343.75 5. 97Tm 0.2125
8 406. 25 3.368m 0.1283
9 453. 125 10. 15m 0. 3366 SHPLCLK
10 500. 0 4.907m 0. 1369 INTERNAL
11 946. 875 6. 773m 0.2583
12 293. 75 3.423m 0.1304 [RIGGER
13 696. 25 4.148m 0. 1580 CH1
14 703.125 6.9599m 0.2514 NORMAL
15 750.0 6.222m 0.2371 FREERUN
16 796. 875 3. 803m 0.1449
17 843. 75 3.263m 0.1243
18 906. 25 4.679m 0.1783
19 993. 125 2.087m 0.0795
20 1. Ok 2. 543n 0.0969
Fundamental Freq = 50. 0Hz i

i 6.11 uﬁmmi‘mﬁnﬁﬂnﬂftTu(THD)ﬂmmyzyﬁmuwm”uﬁ 220V 50Hz
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6.1.3 Watlauussig 110 Taas 25 Hz uasail

WINDOW=HANNING OYERLAP=56%
A:TIME 1

AVERAGE=0FF

Cii1

30dBYr

.0 é 5 2 : AC_CPL
____ S b 2 -+ e e S N 1R
ﬁ ; CH2
e e b _ | % | (S0dbY
: % | 2 é ! ; SNGL#

INTERNAL

gL RIGGER
CH1
| NORMAL

)
: i :
' : i ' . . ! R
T o e o v [EpepRpR - PRy e - -y
. ' : T : f : 1
' H t : i i
t H i i i H :
i § H i i
t i i ¥ 1 :
N i i ¥ " N N 1
L i E o - i o - - . e B R e e
b e - : : : : : FR R
i i . i ¥ B ¥ . H
i : : ) : i i
; ‘ ¥ H ’ ’
; ! H ! H
H i - - e [,
- [P S N b —— :
‘! . : :
: 1 i i
+ 1 H
3 H i
8 0 H . : .
~0. H i :
64. Om

0.0 ' ' S
____ Time Length = 64.0ns _ )

7U7 6.12 uamusadug198nINesiuefinasszudn ila A Al nsad (v,

WINDOW=HANNING OYERLAP=22%

AYERAGE=0FF

A:TIME 1
8.0 : ! z ] | i % ! 30dBVr
2 | i z | 3 i z AC_CPL
e I e T e b el SNGLA
: : : ; ‘ § : : CH2
i ! . i ] B : 30dBVr

H
i
:
"
H
i i
H
B 1
; HH i b
! . ! i :
aal e K L i
i T J i I i !
V N i i Lk i
i i 1 i H H i i
{ i i H ; i i ' +
i H i i ; H H i i -
3 1) H 3 d i [T SO :
S SNUOUOHI IS ST PPRNS, R S ORI APV RIS SO S U, ! TRIGGhR
1 : : 1 ; t : H '
1 i i i P i i
| , i : ; x ! g CH1
¥ ¥ i i i 1 B i
¥ & i i * i B H H
: : : ! 5 : : NORMAL
et e e e e e Lo e b 1 o B e O T S e v s ot
TEmE i f h ¢ ¢ ¥ h : h FREERUN
1 i i 1 Ed 3 i
i ¥ i 1 H * ¥ I
i ] ¥ i i ; ]
H ] i i H i
: I i 1 i H !
i ! i : L bt e
et o o e 8 1 s B o o : :
t i i 1 3 H 1 i
i + 1 i i i '
k3 i i i i
H i i i : i : 1
i i l i i : t :
‘8.0 H H i ' : : :
64. Om

.Time Length = 64.0ms

0.0 ’ | | s

7U7 6.13 usmusasurIeenanuasBuefiaafiuing ma 8 v naad (v,,)



e ke L e T JN——

™ e o o e

T CHGIDEY Tt memme e de mem W Sem e WD R Woww T ST e

S W

o

. - — 2 T

M T T Tl e O 1T ¥ e wer i @

4]

WINDOW=HANNING
A:TIME 1

OVERLAP=55% AVERAGE=0FF

8.0 ’ | f | |
B 1 H H :
i ' i
¢ : H : i
: H : l i

- e - - - - P - - s g - - !
+ i i i : 1
. H t ' ;
; : ! ! H i
; : ;

H ¢ ' 1
-

i i

H i

t $

H i

........................... [, e e e
H
¥
: ; ! : :
1 B H H H
. v i ] '
EEry . e mee Fn v b vt e v et aer e - - - o h :
h ; .:. P ...;..._ PR [pp—
H ; ' ! ;
] ¥ s i i 3
? H H : .
i H H t §
: ; : : :
IS S : i i :
; ...E..— R it o - P . - - —;..
i : i i i
i i
1 i H £ H
_8 0 f ¥ R § i ! !
. : : ! : ! i

H

0.0 s
Time Length = 64. Oms o [ |

CH1
30dBVr
AC_CPL
SNGL+
CH2
30dBVr

INTERNAL

TRIGGER
CHl
NORMAL
FREERUN

FUT 6.14 udAIUNANII99NINNAIBUILT AR TTENTI 1A A 1L B (V)

AVERAGE=0FF
Y=1. 61V

WINDOW=HANNING OVERLAP=18%

A:SPECTRUM 1 X =

~

CHI

3. 20313kHz
4.0 ; ; : S ! ; ! 30dBVr
E ? ; E : AC_CPL
[, ..,§.. . - _E~_ - - ————— .2....--*__ - :r ————— ,%...* - .._ o ,-,%, SR SNGL+
‘ CH2
; i ; E ? AC_CPL
| | ! 3 § § 3 ? § SNGL+
LINMAG | ¢ | IR
V § g | ] ! | ! g ! INTERNAL
z o ox : ; i
............. E__*..,._..__h.;_.._-..%_._._.i .-.._:r._ _..:r -_.__2_.-__._.._ ..;.,._ - ..,E__ ————— E. e TRIGGER
CH1
S R N | b | NORMAL
| | | | | | | | ] FREERUN
0.0 | e | | | | z |
12. 5k

jﬂn 6.15 uAmgLszneLaIFNeTIANIALAINT YDAUNAUIINTING A 1L B (V)
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WINDOW=HANNING OVERLAP=18% AVERAGE=0FF
A:SPECTRUM 1 THD = 8. 1476 % CH1
DLIST# X_VALUE Hz Y_VALUE V DISTORTION % 30dBYr
il 46. 875 131. om AC_CPL
2 93.75 - 7.354m 5.9914 | SNGL+
3 156. 25 1. 296m 0.9855
4 203. 125 7193. 8u 0.6036 30dBVr
5 250. 0 2. 315m 1.7600 |AC_CPL
6 296. 875 1.122m 0.8530  |SNGL+
T 343. 75 2.641m 2.0081
8 406. 25 1. 827m 1. 3893
g 1 453.125 571. 8u 0.4348 | SHINENA
10 500. 0 2.099m 1. 5962 INTERNAL
11 546. 875 1. 713m 1. 3024
12 993. 75 899. 3u 0.6504
13 656. 25 2. 443m 1.8579 | CHL
14 703. 125 1. 308m 0.9942 | NORMAL
15 750. 0 601. 9u 0.4577 | FREERUN
16 796. 875 1. 778m 1.351%
17 843. 75 1. 458m 1. 1083
18 906. 25 668. 4u 0.5082
19 953.125 985. Su 0. 7493
20 1. Ok 1. 230m 0. 9354
Fundamental Freq =_50. 0Hz_ __ B L

JU7 6.16 uganarsuiinRana s iu(THD) IS uusNAUR 110V 25Hz

6.2 NARALNDLADIUUSHNNTE

6.2.1 Watlauusasiu 110 Taas 50 Hz IHnaman

witkg) | w2(kg) | W(kg) | T(N-m) |Speed (rpom)| 1i/p (A)

no load 0 1495 1.5

1 0.5 0.5 0.33075 1471 1.55
1.5 0.7 0.8 0.5292 1461 1.65

2 0.8 1.2 0.7938 1450 1.8
2.5 1.2 1.3 0.85995 1421 23

3 ' 1.3 1.7 1.12455 1385 26
3.5 14 21 1.38915 1374 2.7

AITNA 6.1 AITWNUAAILANITNAABNT 110V 50 Hz

Watuaildannimegaunmmpudnesuslin-auiresama szl
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6.3 AATIZRAURNISNIARDY
ﬂ' « (md
6.3.1 (Wanaasunawmainlifinasy
6.3.1. 1ufleflouuseiulinaines 110 V 50Hz WU9RA THD T89UsGY 2.1 37%
wsilletlauusanu 220 v 50Hz wudfin THD 289Uy 1.909% WuARaTiud AN
- (v d‘ - A‘ d!’ -« v -l. v - - =’l’
ey weusauiIIy  dyaraseniwmussduiildasiiconlaisuanndygao
fundamental Waeiae (THD 8AR9) WuUARAIIY A1 modulation index RiAuAn (usiiaeindn 1)
6.3.1.2 Watlauussiuliuaimes 110 V 25 Hz wudiia THD 8.1475 % “y
' d' - -l v -ﬂl al‘ -« a -ll v -l - A’d’
TIMUNAUALINY (110V) arnudaane  Kryaroueminnuseiuiiifasimafiafien
X ‘x 1 -~ d - H
ndtyyrod fundamental ¥ T (THD WNTW) wazangl 6.15 wudnfianflufindnsud
1 . . T R 72
m, §INNIT modulation index NANBEINN
6.3.1.3 A7n31i 6.10 uazguit 6.15 azuiiulddafiaanadisinatu A1 modulation
index fiazsiniudan HiesindndeansWensdoureumiuuazainind foud
: U - H . 1 A - H
Anddes A1 m, avdesuazanfiuiag m, [zunlag_LuInng i fundamental AagLi
6.15 usziimuiuan A1 m, szanuazanfluilafl m, axtieandad fundamental gL
6.10
6.3.1.4 a3 6.5 uaz 6.10 wudn AINTIYRTIN (fundamental frequency)
1 -J 1 :: L1 U o i
AT 46.875 Hz 3kt 50 Hz Walianalumsizdr nasfunames e liannun
fundamental iWasuulaerrluidntias
6:3.2 \lanedeuNamafu=inisy
6.3.2.1 angu#i 6.17 Watfuusedulifl 110V Arwd 50 Hz Arudnmnizuss
fim-pandaseusaanawmes Ransanlutunismnausesames (normal operation) WU
] i < A' X -~ Y v [ 1 ]
41 e uETeLRNTY 1.448% wsedAvsanad 50.4% iWarFuusasugetutiu 220V s
AIANANTAIY 50 Hz windi a ngifi 6.18 Anudnmourusetin-AaudseLeanawes Ty
1 o - 1 ] -3 A‘ 1 o
eUNIIMNULNG wuduiiaauFsaLIRNTY 0.68% uiDiAREanad 25%
A o ] 1 1 -
6.3.2.2 \ilatlauusaiuil 110 V Al 25 Hz 9 ngilil 6.19 Ransanludaants
nnuUnfivewameian audnyzusda-miufrersewemef  nuduaaniu
FOUIANTU 1.5% WTinaLana 55.5%

6.4 d91nan1snaans
Lﬂﬂﬁf-‘na‘tu'l'luei'mn'l?v‘hmwumuﬂmeaa‘wudﬁLﬁﬂuﬂLmaa‘ﬁﬁmuﬁr«huﬂﬁuﬁmﬁu

4 Ai' o L4 - A' X ‘ll ] -d'ol 1 :i' © v
Ll.mm'mnammﬁ::m'lmmumwuw ‘N'lumum'mnm'] L?’l‘lummmmxm’luummm
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H 1 [l v
inaufidusiugeld demnmdesnsrdnndiueasiuiazind Tastudons

Mliandlussasudivdnunnidiuly MKunumandusiald uaztgaminisldnissiindy

[

i szsAnBnmresaainefaranas duflennsnidiefinsanaanssauyaduasduin

« v (4

TUNBLABIUNY  nezuanszuRssfunNusiuBunidnewe  TuRefunuumEnds

¢

] ¥ 1 -\‘ o v [ [y 4’ d: v 4’ " v
Tdagludaadus mqummm’lummmqv\lanm:mnmumam:uan?:t{lumnmu uAtn
~ o 1 -5 o [ A‘ : o [V d‘ 4’ o 273
iunsaifanannAeyfuussiuinaulidnsmdaneeausduuasanuiinniy aznliunu
- .} Al o [ & 4 3/ A' 4’ - [-1 ' d' £ (YN o
WMANINAAENAT nadRBLIINSTLENsTFuAsRauInn e A g sofiacaiandnd
Wiiduldan  aznaeduaug@elusmumdn ssinlilssAnsnmsanesuowmas
d’ - -ll -;-l [ ] o - an. &' ° v - Al 1 v ]
anaY  anATNAMIBEIMUALFIus A uRNTY s lfusdaifindudon  ws
-4 o - 1 di L7 -ll -l' d' :‘/ -; J
AMATTaUATERALANeY  WasnlilaTinsulReuulaiannd Feeuuafingraunas
wughunsinenludaausinasi (constant torque)

azifiulddnanuanimmanaerionun asfidnnindiBeuandulmungss
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o
unn 7
a71lAge91u

astlAsa9u

L4 ' [
andnquszasAlumainlassnuil  eafdunefined 1 wa alla PWM @
aunTnAILANAMNEITaNaesldmusans  Tasendandnns vii Al wazenu
raunradlAnUlisliRanadaullsunsu(assembly)fasedoynyins SPWM 1 g
waldaruaunisinauees IGBT uazdunsafinstfumnudaseutasamasidlugag 5-
100% 189AMNFIANR uazilussinntls
ANUANTMARBILAZHANTITANTHUUIB AT T InNaa U L F 1 Tudauaas
Wsunsn awnsoas@ouldsunsua¥adygin SPWM 1 e 1deNauszanunsati
L v [
&ryryrousananniilivin IGBT via 2 fanflu complementary fuld 1aeil dead time 2.66
Hsec uazdunsoulasuanudlasneuanllsunsaldagludae 30-100% 189pnmie
Al Havindtyn pulse width modulation siadiussaniatinldunamesinamia
msmagauiedaauTTeUTBwame 2 AT Ae 25 Hz wer 50 Hz  isngd
« } 4 * -3 d‘ -l' d’ o 1 ) 4‘ <
uawafgrTanyusAnNEeLuRaulnumudfingaldaie Wavanasldnnse
Wiiunawed  warRansonaruduiusyasaudarey - uazusedinludoetaunisinany
.« b 73 dl dl [) o .« < T« d‘
INBFBIUAT  NANAUDFN PRI AN NFIRUS I8 e fiFusinnsn A asea
< - o 5 - o « o « -l' -‘" - 174
ANMHIRLAELNTA  AnluAas s wesiduan R asiilRansoinnisldeau
YRUBABTANAMNIMIZAN |
anusfiggiauaiiagifdramnsoirlascemiiliussgingseasdmathuang
1 Tnenlfuaanadaldiacnad 50 usz 100 Hz uazilussuudla Feluewranaunsoiiay

o -~ - "y -‘ z )
wmu'nJ?:R'nﬁmw'nmﬂuv:as‘mmﬁlﬁ'ﬁﬂuﬁ‘nu:mummju‘lo’fma‘lﬂ

fumuarmsudle

daulilsunsu
1).ilavingbitnelfuefalulasreuinsainaiadelumalfimunney  wadeu

- -l A'-‘ﬂ’ v -f ] ! « L 1 o v
lWENL‘IIEIUTIJ?LLﬂ?NLU@Qﬂu "IQ‘lNV]mU’ﬂU'ﬂ?ﬂl‘ﬂﬂﬂ']\i‘l? LLﬂZiNﬂ’]Nq?ﬂﬂqN"lqﬂLWﬂuq 1.5’]

A ] [ g [ & ] 1
Wesnndnlunjaly lulaseeulvnsainefived 8051 mapuiiealasia¥rendag 91
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Wsunsudminalasunin Assembly Adleulu EditorlWifly file.obj | filelst wazasd
Tsunsudusuildey file.ob Wudrdaduargm dumn  uszllsunsuiilddviudednds
sananaliiuasn aaniudalal search an Internet Adldmsuiieallsunsy ECM96 i
o . . I el - o oot o -
Waliaunsn compile 1 eranstimbBnmAcunsinlilnuenanstanvinumised uam
uag Alavnlusidaludnmzidestu 18Tsunsy cross32 i anusncompile Tsunsalé
v [
wrdeaauefalyls ﬁQﬁuﬁmmmTﬂ?umuﬁTqmmmLﬂﬁﬂutﬂutamﬁﬁu 16 199 udily
-i' « ] .J Yy @ e My « ] v 1 « dl
Houhuefalaemse wiiile run Waunsuudafdalailiieniwniae seneldmsusnuesad
laildees intel Salianunsaldllsunsuianaddd  Salnsllonuidsvitnanuein aold
naudnldsunsuianansdinn14lusunsalaldting
] v ]
2). lnsAndaneinuty  WRaReaasn ¢ Wilfiansanlunessdon e
usarilumeaziBuasswudndeiatiymFaanisreanaiiiasanifumion microsecond

Tadunatian  onansdlduuzmelindnmisafisutuAmsasmatiures timert Ag 1.33L
sec Ineazld timert usneda

3) dWewnliGuiefaumassdldnueie  aunsaiuesadangiomn

X d - 1 & ]
nasevdeullsunsuieiuly Wenaameoungraneuusitoldonlaidhy. uaranunsold
) 1 v [
uatepdhudiasupeusunay Ao lfumedbidhldmailisls wadenaasdld
udrduiatlymniiaanlalasneuinsames 16 bit A8 a0 microprocessor TGt
v v v 1
WUy 8 bit Wedu e lazaaf1amne hardware 189 microcontroller laitnazsinafunantin
[ v

wigoufiazililfnuad@ureamindianmiudege)  dudeadnmminaln

[] ] 1 H v

fafindnaudadndaulunjiiens] wia A« Aldau microcontroller hues 8051 Waw

< o ' ¥ .. :’; a‘l’-‘l | 2 1. € o ¢ '
win AninWiliannsndnmifedeanden Al ldRnmanngiiesaswesadelinszang
' v

wdaln  Addmandwmefidniudn  wifdliliaunssane el luinm

rti‘ ] dl' 1 4 My v aﬂ' v -l - ol [

g1aseLinm widlanasaaudalildmudainisenaifisaunansidn e emsusss

] « -J - o - « :’; & i © [-3 i o

Lidlavefnfine AelumSdimadnuesinanaie  dBnmenansiaevinlusafaaty

3 - t [ 1}

MCS96  lduumnelunisdnsnisd@eulisunsundiaesiy  daunnsisseiumisadeasn
o < ] : t ° - G o Yy -t <4 o o ° ] -'
ANMEIGIARd LR uinerinate ALY Assslivindaudunsinumisfiaz set-
: 1l -I' -l ° ] [ y -l <3
reset riauuAlidfymluGesremisdsulisunsunisduanudy Adams asfinsfiue

udl N :’r [ ° ooy « nll k4 o al
18aN15M17 1N byte 1UTRN register T ,nsssaictAanaanhiaamesiie ey ol

n1saeilu word, long-word Uaz byte
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[ i . -ﬂl - & cl/ P + - :’/ :
3).NNTATUINLAN cosine HBAN NAY -1 D9 1 TuRatluAvAlouiedy
granstifinmuusihiesrangunaiondingaude neuAuAwImIngy
- d; (=3 ' . n; - 1 24 =3 J ° k74 Y
HfymFaanisifiu cosine Milluauan damasaafivduazieansnld Usngindas
-] x dl o o ‘. 1 L -4
anaraaanun lunsiuduanive llunisuendndiusuauuqnydeay
4). ldunauniadaullsunsuiuAifumianasinnig set Wi reset uay
[} 3 ] hd J 0 { 1 I o
Wuagluminganudnluglaas word A0 set wia reset wiliAnazasamheANsn 2
address AU lun1zAaA Awessallatull 2 AN widnAYTee Aunue s vise 3
-3 d' - ] - 3 L 73] } 7% 1 9 v -
inazulaeuliifeednmes  inliAeudnsegeennlunisduan uasmstadauaninsaaes
ANAINANN
-l X v ouy v ¢ e al - Ay
5). \Haau1s0 set-reset pulse Wawiuldnusianis namfaiiaunAugl
] -l' v 1 -l' < v ] - - - v
widlaqugUiuAarainmsneiiuld  nanedhudnifafes oycle Waaudamnglhliaeg an
’:« Ll ’:« - v 1 - o © 1 . <
TuRamannAgulidniasfinsannisivawauglluusias period 189 fundamental A
aavliougyl setreset (WengiliAenues fundamental  ushigunsnnaiuiadiAald
Wasnniiadannuadhiin - annAgiuseliihasiiaainnismuguiudntessiiumia set-
] ‘ﬂl =i -l.v [ ] o 1 v :: v i
reset wilaaaad@aullsunsuniuAsmngnunsaduald  antuldasdaulysunsy
] [) - ] 1 A -] [ :’/ 1 o
Taglinuguusiilunis copy Tsunsufuduas set Ar Mdsail uas copy vianumwiniu
uUNad lunilaaLeed fundamental NafldAaaNNTRaF e PWM 'S Aatiudensaaniy
v ) ]
TsunsugnafanudnlildldAnnaildiusy loop fiefinasaadnaugilunila period w84
fundamental A luudqnainldnaaie PwM 1
6). N9 set WAL reset pulse ﬁfazdmﬂnﬁumﬂdmﬂnmwL?*oqq Lignunsom
miReg uiindndfiaw@nldsemaaaulisunsuudousliainnsn set uay reset Idmu
Y e o . 4 a4 s - - Y
ARINITEMILAIANDLWAMIAININ namAesaszaaAlunndaulilsunsuie n1sa¥ae
doyryros PWM 1 s il complementary fiudseanfimisudasananuifage ezl
¥i3n IGBT Tednyryrns PWM fananaazaeudeanysnl uazaglunnsianansoaensyly
wsidhflaudraudfisnan q &ygns PWM azaamedudas q ldamnsnasinliu
uaefld Jaarunsonaswmunus lass s luaunan
7). Wnsvinlaseaudninuzil dndnmaosasiianfiuguieiululas
paulnsaas viamaldfoululasrauinsaiaes imLﬂumﬂﬁﬂufﬂﬂmmﬁhﬂ Toeldlu

Tasaauinsawefuinndndl lafnatradealild Wasannasyini@unanlunisiFusiunn
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ey

AuENSALS

1) usefBunnaasdyonniansl 1R 2130 filife 15 Taarl Aeianisudlanass
pragay 2eastmiludauzes 7406 wudnliW@esiianels 7406 WBnsEAULS Uiy
W1 IR 2130 dar AR 1R 2130 ifesssy 15 Taayt UAZNTIIATEI MRS
#u -+ 15 Taarl WildFanfunsasasunasineiiide + 5 Taar

2) deilifyumednueninnaes IR 2130 Auidlesnanmesdiudadaiianis on
wianiludtyqyns Hout uaz Lout  Taeldmenenauilerlgmiinaneiadaeiusasiely s

O

i 1 ) “ i . :
2.1) aeanldsuAiAnuqTedsia C Tngulasulinanegdn MendRnuuszanas

coupling

H 1 -~ : -~ z «
2.2) aavulfaudusaiunsa C anansonuld¥igeauiiu 50 Taavi

2.3) aaSuAlansdausening Rs nu Rs

2.4) aa1$u dead time 294 TL 494

2.5) dv E-mail Wi Bmduanialosd IR 2130 esedeyauasidutilyuniifistuss
NanY

2.6) nARBIEAUYMTA IR 2130 41N TL 494 Taelairinu optoisolator u&aring 7406
167 UATNAREINNEBUNNTAY IR 2130 An TL 494  Tae'lairinu optoisolator wsitinw 7406
2 M v?qﬁtﬁ'aamLﬂ&‘ﬂuﬁnumwmﬁuww#dww IR 2130 uaﬁ‘lﬁmnmmﬂuﬂé‘ﬂuﬁww
289 IR 2130 Tuusiazuuyiy &uanmanssaanumiiauiunaainnsuiiigmmude
2.1 uay 2.2 ﬁuﬁﬂmﬁwmm IR 2130 €481 on w§auﬁuagj%ﬂuﬁrgrmm Hout use
Lout

2.7) (fineann output [R2130 aziluduiesany input Jamaaassia inverse i input Nay
i IR2130

anmsaaaufiiiymaaeinissneianannndieiu - Awudrdelianunsoudtioym

NAUBWIYNLDA IR 2130 1

v v [ 1
2.8) aadfaasininanualudoutes driver uasBumafine muveldsudl C &
1 %4 1
AFANNNAUEYNNTEY DC Link Wigelunnndnly datasheet uazilae diode Tusas

! o £ ] ' i &Y
WilluweMndiAeiy datasheet 3nau- Falsngineivmiiidu complementary
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Aol dead time madFaannsly uazansORRsF ATy SPWM ety
dunamasls

3) d9u DC Link Via'ﬁ"Nmﬂ“Q‘l:immsnﬁﬁmnmmuﬁmws’éumﬂmﬂﬁ \ilaa
mnﬂtymﬁim dead time ¥RTYEYIWBYIWNAIN IR 2130 Mldnaraniuda uaziile
yagey DC Link Ty anzaetidludmesay Usngdninansatrianiesuaming
484 DC Link Lﬁmmnﬁmﬁuﬂnqmmm 1,000 LUF 400 Vdc WiannsAnenlsyq (discharge)
Aainsufilagsieluan R audnlimednuaning

4 Auidleananniadeud 114 TL 404 dnaesdrynyrouiadildvn (GBT unu
nslffynaniulasreuinsaines asi@ssansoinmageuiiieusdnneqsdunes
wefin IGBT ([ufeiavi  anansossiaudiavtetlaldads danlumaduuiian
A0 aFNATY I SPWM unudtytunnuann TL494 #avdn IGBT Lﬁ;ﬂ@ﬁmmmtmﬁu

vl o

@iy Unngdnenipmilafisnrusidudygin sSPwM fiflaunauenlaqaminiuen

DC link 1llay RdynrusinanamnsmiviliiousewesitediuanuGmudenisiy

Madaiausiiug
L] o - « < - rﬁv -l d‘
amsularauaunefineilin PWM aruaulnelulasreulnsanefidafidauiias

o ] Sruccf (v A [ [ v ] o - -:
ansonaaalUldan sudlasnanndissuusainanadaiussuudla Avudesnseeg
- [ 4 % 10 o [] J [ L %3 v 4’ d‘ v (-4
funafmefdaliadn  wigrunsofaswrRn Tussundald  WefacldruasaLya

e . e X ' v -
vawasudugniy  Tnaludiuasallsunsunafredynns PWM duasiavarunsoakeld
:‘/ i H o o« 'Av 1 o
W 3 wa  eRarihlfunssifdageaullly  waslulusunsuposasanunsmlsu

< 1 4 t ] Aﬂl 1 -] 10 v :‘, a; 2 -il
anusauldetnesadiay nanafe liddludes reset TWsunsunnasandasnsnlaeu
A2TAI3278L WANAINIANYAY modulation index ArshazansnUFUIIFag lutaandnedy
AFREinTaie PWM lutae over modulation 16 daulugaetinuacnadiildlunasysy

(-4 -i‘ o L [l v 1 : 73 [] v [ :‘,
ANGITLAINTRaTARI Wt ludaandrandniilatn - davfunswmuntlsunsaludu
qqmmmﬁqxtﬁumﬁuﬁnﬁhﬁmurih‘lﬂmuﬁuumﬁumuqu(Control Voltage) udvinll

o o« o < -« - { A‘ ] [ 4 i « z
afndyon PWM dmiuduneiines 3 ilaaiia PWM Lﬁamm’um«muﬁmmnlﬁqwu

: o -~ o : )
16 Feszdfiunmimunlidss@nnmeesmsduaeinefligavidsaly
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-4 A as
Taseais mesvheueadinyg uasdauaruanndrAty aas 80c196kb

daulszanananany ( CPU) ) Usenausihe FaawmesiMd uay wmisaapAtiniadinas
(RALU) vistimshiasiariugunsalniauaninanlilaensdnizaamasians (SFR) vise

HNTAAILIAN MUIEIAIINAN

RALU Lilduapfaygiamef  nsdwansieannlfianesing  wadRawmeiywe
Wusulslugadndelalanns  msfilidasdhsBudayatiuina  inlinnswany
waauiladayarildiuiidenall nseenuunilisunsy nms@uutisunsy azdetu ns
RasiarugUnsaliney lidanily qunsofievias Afteguullnganef iegunsafise
ndinmeuan asinldazann maa dunsiisssdninmaestisunslaeslun
CPU 189 80c196kb ltianieluzuna 16 Tnlunisiiasiaiudaunruaumisaaiusn
uazwhepuANdumesiN sauta guUnsalmeluy Tnefiaaun 8 Gn §wmin nasdnu

2/

dayagamdaranmiceAnan

FIURMANMUIEANIT  ( Memory Controller)

® RALU azfinsiefiumiotanudnsnugamuaumionandn  (RALU Rasesaaunes

W& wasFagimefantlsiauns)

o maludauaupsmbaanudavlscnausae gamuania  gadumdeanami 4

Tus (Aq) uazFaviulysunsugased (slave program counter : SPC)

® mirtAINaT ROMEPROM fiaginielu viamiaeannusnfiagn1euan azgnAILANAIn

Y - " e ' © ) - LB % pui
gaAuANTa NsTeRaseiLMinEAINAIR1RATNNAIN RALU vite A Aild Taehinsee
AN A0 azfidusuAN§ ATy (priority) aN91 NszeRmRRNLdIUALANMLIAINAN

RN Ag azgnedmumieeslUsunsuiu SPCwiniu

J v L} L4
nesugamdtaasdiy asinanueihu SPC winiy Talanaiwildes liERgseudnnan

a
v

° < :i’ :’/ - o ' o o 2/ v a1 LIS (3 - | e
WALWETY Wil Ao asduide dhaneeslidemihnieu 4 lusl nsfiasteriuies
maludl az madand MmshissaiudoumugumitaaNgt Nendasinsedudaya

- ay v 3 o 1 t
annmely vdenauendld uaslpeaniznisineu nezlan anumisliddnasdy Jump



Interrupt Call ¥ Retun fduhlsunsugaaes asiudimumiclnl deyaly A as
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mislauANAsAdLAas (RALU)
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o nisnazasAdsnudiulug Al RALU wmilatiaeadindotiaamas 1senau
gt witnratinuung 17 00 gnuzeadlsunsy ( Program Status Word : PSW) 59
wulilsunsu (Program Counter : PC) #atiusay (Loop Counter) UAZFAanasfiansa 3
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1 [] v 1 ] []
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A M3U AEN ( Lower word) wazALu (Upper word) Mlsznauii tianisvinanvauns

32 Oa lunsdlau WiihFAawefaarnsemaeids  faduseusuin 6 O (Loop
' N ¢ B4

Counter) flimamsldamuamiziunisiden deyaigniu

FARawmesaaeg sl 3 alfifhuiiy faudssiaf 2 (second operand) 1R9ANATT 2

sudssantiailuiiiy g 9eantegns  Wusams sewdanisden wazlunisiney

24 ‘d'-ld o o ¥ d. 3 [
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1ana1dane’lu ( Internal Timing )

o Tusiraira¥ 80c196kb il ON - Chip Oscillator Aaseansaiinsaintean e 3 s Tu

v ¥ - - o - A . -y ol o«
NNTATN ﬁrytmmmmmam AB AINRRAIND (Crystal) LarANUNATLREAN 2 F9
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FunAn 2 ALadede 191 1 deatiu( 1 State Time)

® # AT 16 WINNUETH 1 deaiuasiian winu 125 unTudund]

e dryryniean fndryryios CLKOUT Wudryyninsaiuiudesiuaainisinamunie

v v
W Midusitied duneunisinauasslsunsulé

Auivisgana ( MEMORY SPACE)

® WhEANMNNNIATIINIEI 80c196kb THuaminsa 16 wu YinliEnsBamumiadayald

v v v
64 Alalud Mellamnmnldnuiulilsunsy wafudeayaléifeuioume

o srumiiiilufiufianns Ae 0000h - 00FFH , 1FFEH - 1FFFH W@y 2000h - 207FH

o ' - dv b 24 b 9 :0
ATUMURIUANIUUAR/INY mmm't'mu'lmmuuﬂ

o v 3 dl [] o v ar d‘l
® MIAAlATAFINAUT MidtAINan me‘lmmu
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6000H-FFFFH

NFmistANaINeuen

2080H-5FFFH

3 : [] L4
Wuimiaruinell (ROMEPROM ) ¥ie nisvan

205EH-207FH

wunanulilddeys oFFH

2040H-205DH

PTS Vector !

2030H-203FH

Sunaffiinawmed daunn (Upper Interupt Vectors )

2020H-202FH

ROM/EPROM Security key

201AH-201FH | OFFH
2019H 20H
2018H CCB : Chip Configuration Byte

avFunuualasaaieresnsmdiges

2014H-2017H

OFFH

2000H-2013H

funaffinawmes doudna (Lower Interupt Vectors )

1FFEH-1FFFH

Nasm 3-4

0200H-1FFDH

WA NINMNEUEN

0100H-01FFH

wuiudayaniely (Intenal RAM)

0000H-00FFH

FRawmaflng
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Mnemonic | Operands Operation (Note 1) Flags Notes
ZINJCIV]VT|ST
ADD/ADDB 2 D«<—D+A viviviv| T -
ADD/ADDB 3 DB+ A viviviv! T -
ADDC/ADDCB 2 D—D+A+C Liririvri T -
suB/suss 2 D«—D-A vivl el T -
suB/sugs 3 D+«—B-A vivivivi T |-
SUBC/SUBCB 2 De—D-A+C-1 Livirv|ivr! Tl -
CMP/CMPB 2 D-A viviviviT]| -
MUL/MULU 2 DD+2+DxA -{=l-1-{-1-1 2
MUL/MULU 3 DD +2«—BxA -l =-{-1~{-1- 2
MULB/MULUB 2 DD+ 1«DxA - =-{-]=-1-1- 3
MULB/MULUB 3 DD+1+<BXxA - =-t=-1=-}-1- 3
Divu 2 D— DD+ 2)/AD+ 2<«—remainder| — | =1 —-|»I T |- 2
Divus 2 D+— DD+ 1)/AD+ 1+—vremainder | — | ~{ =+ T |~ 3
Div 2 De—(DD+2)/AD+ 2«—remainder|{ — | = | = {+» | T {—
Dive 2 D+«— DD+ 1)/AD+ 1«remainder| — | - —{+» | T |~
AND/ANDB 2 D« DANDA ) vi{iv|010) -1 -
AND/ANDB 3 D+ BANDA vivw 0|0 -1} —
OR/ORB 2 D+« DORA v vl 0|0 -1~
XOR/XORB 2 D« D{(ecxi.on A viv| (010 -1 -
LD/LDB 2 D+—A -l -{-1=-1~-1-
ST/878 2 A+«D Bl B el
XCH/XCHB 2 De—A A<D ) -t=-]1-1-1-1-
LDBSE 2 D «— A;D + 1 + SIGN(A) - t=y={=-1~-]-1 34
LDBZE 2 D—AD+1+0 -l =-l-1-1-1- 3,4
PUSH 1 SP «— SP —- 2;(SP) «— A -l=-f=-1-1-1-
POP 1 A «— (SP)€P + 2 -l=1-1=-1-1-
PUSHF 0 SP «— SP — 2; (SP) «— PSW. oiolo}lojojo
PSW «— 0000H; 1+ 0 . .
POPF 0 PSW «— (SP): SP«—SP + 2;1 «» viviviviv ]| v
SJMP 1 PC «— PC + 11-bit offset -t—=i-l-1-1-
LIMP 1 PC < PC + 16-bit offset —-l={-1-1-1-
BR{indirect] 1 PC « (A) —l=l={-1=1-
TIUMP 3 PC « [A] + 2 ([B] AND C) -{=-{-1=-1-1"-
SCALL 1 SP+—SP -2 R -t=1=-{=-1 -1~ 5
{SP) «— PC; PC «— PC + 11-bit offset
LCALL 1 SP «— SP — 2:(SP) « PC; -t=l-1-t-1- 5
PC «— PC + 16-bit offset . .
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Mnemonic Operands Operatlon (Note 1) Flags Notes‘
ziN|Cc|v]vTsT

RET 0 PC +— (SP);SP « SP + 2 -l-{=-j-1~1-
J {cenditionat) 1 PC « PC + 8-bit offset (if taken) -{-l-l-1-1-4 5
JC 1 JumpifC = 1 -1-1-{-1-1-1 5
JNC 1 jumpifC =0 -i=l={=-1-1-1 s
JE 1 jumpifZ =1 —{-1-1-1-1-1 s
JNE 1 |JumpitZ =0 1-1-1-1-1-1 s
JGE 1 JumpitN =0 -{-1=1-y-1- 5
JLT 1 JumpitN = 1 -I={={-{=-1-1 5 |
E 1 JumpitN = 0andZ =0 —i=1-]=-1=i-1 5!
JLE 1 Jumpif N =1o0rZ = 1 ~-l-t-1-{-1-1 5
JH 1 JumpifC = 1andZ = 0. -|-{-1-1-1-1 s
JNH 1 JumpifC=00rZ =1 ~t=i=l=-1-1=-1 5
JV 1 Jumpifv.= 0 ~{=l-1~-1-1-1 5
JNV 1 JumpifVv = 1 —t={=-{-1=-1-1 5
JVT 1 Jumpif VT= 1;Clear VT -|-{-t-10i-1! 5
JNVT 1 Jump if VT = 0; Clear VT -l-1-1-]0] -1 5
JST 1 Jump i ST = 1 | N E 5
JNST 1 Jumpif ST =0 -j=-i=l=-1-1- 5
JBS 3 Jump if Specified Bit = 1 ~|-{-1=-]-]1-1 56
JBC 3 Jump if Specified Bit = 0 ~t-1=-l-]~-1~-1 58
DJUNZ/ 1 De+~—D-1 —j-t-fi-]=-1=-1 5
SNZW If D = Othen PC +— PC + 8-bit offset
DEC/DECB 1 De—D-1 wilviwlv| 11 -
NEG/NEGB 1 D«—0-D wlvlvwl vt -
INC/INCB 1 D+—D+1 viv|viv| 11 -
EXT 1 D « D:D + 2 « Sign (D) viv|ofjoi-|-] 2
EXTB 1 D < D;D + 1 « Sign (D) viviolo| -] -
NOT/NOTB 1 D « Logical Not (D) »ivi0|o} —~1{ -
CLR/CLRB 1 D«—20 1{ololal ~1| =
SHL/SHLB/SHLL 2 C «— msb----- isb «— 0 vlvlwlw| T1-
SHR/SHAB/SHRL 2 0 — msb----- isb — C vivirlo]-1s»]| 7
SHRA/SHRAB/SHRAL 2 msb — msb----- Isb = C wilwlwlo] =1
SETC 0 C —1 1=t T=1=1-
CLRC 0 C«—20. ~t=lot-t~-1-~
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Mnemonic | Operands Operation (Note 1) Flags Notes
ZIN|C|VVT|isST
CLRVT 0 VT « 0 ~l-1-]-10]-
RST 0 PC «— 2080H ojojojfo}jojo 8
Ol 0 Disable All Interupts (I «— 0) =111 -1 -
El 0 Enable All Interupts {I +— 1) -l -t-1-1-1-
DPTS 0 Disable all PTS Cycles (PSE = 0) -{=-|=-{-{-1]-
EPTS 0 Enable ali PTS Cycles (PSE = 1) -l =t=-1=1=-1~
NOP 0 PC «~ PC + 1 -l=-1-1-1-1-
SKIP 0 1 PC «— PC+ 2 - -1 -t=-1~-1-
NORML 2 Left shift titt msb = 1;D «— shift count vivio| - -] -
TRAP 0 SP «— SP -~ 2; ) . -I=-}1-t-1-1-
(SP) «— PC;PC +— (2010H)
PUSHA 1 SP < SP-2;(SP) + PSW, ojo{ojlojo}o
PSW <— 00004: SP «— SP-2:
(SP} +— IMASK1/WSR; IMASK1 «— Q0H
POPA 1, IMASK1/WSR «— (SP); SP ¢~ SP+2° viviviv|v iy
PSW «— (SP), SP +— SP+2
iDLPD 1 iDLE MODE {F KEY = 1; R I e B
POWERDOWN MOOE {F KEY =2;
CHIP RESET OTHERWISE
CMPL 2 D-A vl T =
BMOV, 2 {PTR_Hi} + «— [PTR_LOW] + ; -—t={=-1-i{-1-
BMOVi UNTIL COUNT =0
NOTES:

1. if the mnemonic ends in “B" a byte operation is performed, otherwise a word operation is done. Operands D, 8, and A
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be
located anywhere in memary.
2. D.D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned.
3.0.D0 + 1 are consecutive BYTES in memory; D is WORD aligned.
4, Changes a byte to word.
5. Olfset is a 2's complement number.
6. Specified bit is one of the 2048 bits in the register file.
7 The “L" (Long) sulfix indicates double-word operation.
8. Initiales a Reset by pulling RESET low. Software should re-initialize &l the necessary registers wnlh code starting at
ZOBOH
9. The assembler will not accept this mnemonic.
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Features

* Very High Common Mode
Transient Tmmunity: 15000
V/H.S at VCM =1500V
Guaranteed (HCYL-4503)

» High Speed: 1 Mb/s

« 1"IL Compatible

e Guarantced ac and de
Performance Over
Teraperaturc: 0°C to 70°C

¢ Open Collector Output

* Recognized under the
Component Program of
U.L. (File No. E55361) for
Dielectric Withstand Proof
Test Voltages of 2500 Vac,
1 Minute and 5000 Vac, 1
Minute (Option 020).

+ CSA Approved under
Component Acceptance
Notice No. 5 (File No.

LR 88321)

Description

These diode-transistor opto-
couplers use ‘an insulating layer
between the light emitting
diode and an integrated photon
detector to provide electrical
insulation between input and
output. Separate connections for
the photodiode bias and output

transistor collector increase the
speed up to 2 hundred times
over that of a conventional
photo-transistor coupler by
reducing the base-collector
capacitance.

The 6N135 is for use in TTL/
CMOS, TTL/LSTTL or wide
bandwidth analog applications.
Current transfer ratio (CTR) for

Outline Drawing

e . 34003701
#90 ( Jon
TYPE NUMBER

ISEANAN

HP  XXXX_ -1 236

Nuw

hy 'ecocmition
SUTEY

—-‘ i 1781070 MAX
— [ 1.19 { 047} MAX

_-_Ll 01t !es) MAX,
LO,S‘ {0200
MIN.

_.} L_ = 292 (. 1VSAIN.
02610301 0.65 {.025) MAX.

140 (055) 22810501
2.0 (.10}

YYWWRJ T3

€N135
8N136
I1CPL-2502
HCPL-4502
HCPL-4503

the 68135 is 7% minimum at
IF = 16 mA.

The 6N136 is designed for high
speed TTL/I'IL applications. A
standard 16 mA 7L sink
current threugh the input LED
will provide enough output
current for 1 TTL load and a 5.6
kQ pull-up resistor. CTR of the
6N136 is 15% minimum at

Ip = 16 mA.

018.007)
€3 :‘J
T = {
€:101.220)
1.290! 6.60 1 2607
(A% !
5 Ty
J————T&;—i

NCj1 [—Bvc:
soe i}, 7 {20
CATHOQEE}. 3"0

NC E 5 [GND

DIMENSIONS IN MILLIMETRES AND (INCHES),

*See notes, foillowing page.

CAUTION: The small junction sizes inherent to the design of this bipolar component increcses the componeni’s susceptibilily
to damage from electrostatic discharge (ESI). It is advised that normal static precautions be taken in handling ond assembly
of this component to prevent damoge and [or degradation which may be induced by ESD.
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The HCPL-2502 is suitable for
use in applications where
matched or known CTR is
desired such as in the feedback
path of switch-mode power
supplies. CTR is 15 to 22% at
Ip = 16mA.

The 1ICPL-4502 provides the
electrical and switching per~
formance of the 6N 136 with
increased ESD protection.

The HCPL-4503 is an HCPL-
4502 with increased common
mode transient immunity of
15000 V/us minimum at Vg =
1500 guaranteed.

The IICPL-4504 is recommended
for IPM (Intelligent Power
Module) interfacing. The HCPL-
4504 is similar to the HCPL-
4503, but with increased speed
and CTR ( See HP sales
representatives for details ).

Applications

e Video Signal Isolation

- Line Receivers ~ High
common moce transient
iminunity (>1000 Viis) and
low input-output capacitance
(0.6 p¥).

« High Speed Logic Ground
Isolation — TTL/TTL, TTL/
LTTL, TTL/CMOS, TTL/

-LSTTL.

* Replace Slow Phototransis-
tor Isolators — Pins 2-7 of the
6N135/6 series conform to pins
1-6 of 6 pin phototransistor
couplers. Pin 8 can be tied to
any available bias voltage of
1.5 V to 30 Vfor high speed
operation.

+ Replace Pulse Transform-
ers — Save board space and
weight

¢ Analog Signal Ground
Isolation — Integrated photon
detector provides improved
linearity over phototransistor
type. .

Absolute Maximum Ratings

Storage Temperature* .....
Operating Temperature* .....

Lead Solder Temperature* ............

e -85°C to +125°C
...... -55°C to 100°C

§

................................ 260°C for 10s
(1.6 mm below seating plane)

Average Input Current - Ig* 25 mAl)
Peak Input Current — Ip* .....cocovuereene. 50 mA(2)
(50% duty cycle, 1 ms pulse width)

. Peak Transient Input Current —Ig* ....ccooveeeiieiceeneereneeeevennnae 10A
(<1 ps pulse width, 300 pps)

Reverse Input Voltage — Vg* (Pin 3-2) ...ucvvveeencnennnen 5V
Input Power Dissipation®.......ceccovevevemeiereeneiencsercmcesnsnsmnenes 45 mWwe}
Average Output Current —Ig* (Pin 6) ...ccoeecurerrerrrnnnes 8 mA
Peak Output Current* 16 mA
Emitter-Base Reverse Voltage®........coomveeercrererenerineeneniessscsennesenene 5V
(Pin 5-7, except HCPL-4502/3)

Output Voltage* - V, (Pin 6-5) w05Vt 15V
Supply Voltage* ~ Vo (Pin 8-5) cueeeceeeireieeeceeeeeene 05Vti5V
Output Voltage — V,, (Pin 6-5) -05Vto20V
Supply Voltage — V. (Pin 8-5). -05Vto30V
Base Current ~ Ig* (Pin 7, except HCPL-4502/3) eeevemvcecerennnnn 5mA
-Qutput Power Dissipation* 100 mWil

*JEDEC Registered Data (The HCPL-2502 and HCPL4502/3 are not registered.)

Schemance

oo
-3

*"NOTE: FOR HCPL-4502443, PIN 7 1S NOT CONNELTE =
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Eleetrical Specifications
O~er recommended temperalure (T =

°C to 70°C) unless otherwise specified. Sce note 13,

Parameter | Symbol Dovice Min {Typ.** | Max, 't-l.;xils Test Conditions Fig. | Note
Current CTR* 6N135 138 50 G |Ta=25°Ci{Vo=04V Ip=16mA, | L,2{ 511
Trazsier v v cc=4.5V 4
e 19 o= 0.5 \ cc

6N136 19 | 24 50 | % |T,=25C|Vo=04V
HCPL4502
HCPIA503 ] 15 25 Vo=05V
HCPL-2502 | 15 | 18 22 [ % |T,=25C|Vo=04V
Logic Low Vor, 6N135 01 |04 V |T,=25C{Ig=11mA Iy =16 mA
Qutput 05 To= 0.8 mA Vee=4.5V
Yellage
6N136 0.1 0.4 v Tp=25C|Io=3.0 mA
HCPL-2502
HCPL-4502 0.5 Io=24 mA
HCPL4503
Logic High Tow® 0003 | 05 | pA |Tu=25C[Vo=Vec=55V
Output 001 | 1 T, = 95°C Vo = Voo =150 V| [p=0mA | 6
Current
50
Logic Low IecL 50 200 | pA {Ip=16mA, Vo= Open, 13
Supply Current Vee=15V
Legic High . 1 Ty = 25°C IIF =0 mA, Vg = Open, 13
Supply Current | Iecy® 0.02 2 pA Vee=15V
Input Forward 1.7 T, =25°C 3
Ycltage Vet 15 18 v ‘Ip= 16 mA
[rput Reverse BVg* 5 v In=10mA
Breakdown
Veltage
Temperature avp
CeeflTicient of -1.6 mV/ |[Ip=16 mA
Forward AT, °C
Valtage =
I=put Cry 60 p¥ {f=1MHz,Ve=0V
Capacitance
izgput-Output Lo b pA [45% RH,t =58, Vio =3 kVdc, 6,
[zsulation Ty =25C 16
Veltage 2500 Vpus |RH < 50%, t= 1 min,, 5,
Vico T, = 25°C 14,
OPT. 020 [ 5000 Vids 15
Rasistance Rio 1012 Q |V =500 Vde 6
(Input.Output)
Capacitance Cro 0.6 pF |f=1MH:z 6
(Toput-Output)
Transistor DC hrg 150 Vo=5V,lg=3mA
Current Gain 130 Vo=04V,Tb=20pA

*Por JEDEC registered parts. **All typicals at T, = 25°C.
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Switchiny Specifications

Over recom: .ended temperature (Ty = C°C e 70°C), Ve = & V, I, = 15 mA unless otherwise epecified.
Parameter l Sym.| Device |Min {Typ.*”|Mux. Units Test Conditions ¥ig. | Note]
Propagation | 6N135 0.2 1.5 s Ty =%5°C J 59 1 86
Delay Time Ry, =4.1k02 1
to Logic 2.0
Low at Output
6N136 02 | 08 Tp=26C |_
HCPL-2502 R, =19%0
HCPL-4502 1.0
HCPL43503
Propagation to® | TEN135 13 | 15 | ps | Ta= 25°ﬂ 59,1 8¢9
Delay Time ’ R,=4.1kQ 11
to Logic 2.0
High at Output
6N136 06 | 08 T, = 25°C j
HCPL-2502 R, =19kQ
HCPL~4502 1.0
HCPL4503
Common Mode ICM; | 6NI135 1 EVis | By =41k Ip=0mA, T, =25°C, 10 7,8,
Transicat Veu=10V, 9
Immunity 6N136 1 Ry, = 1.9kQ|C = 15 pF
at Logic High HCPL-2502
Lavel Culput HCPLA4502
HcPL4503| 15 | 30 Ry =19k |l =0 mA, T, = 25°C,
Vey = 1500 V.,
Cy= 15 pF
Common Mode ICM 1l 6N135 1 kVis | R =41k} [o=16 mA, Ty = 25°C, 10 1,8,
Transicnt Veu=10V,, 9
Immunity E6N136 1 Ry =19kN|{C =155F
at Logic Low HCPL-2502
Lavel Qutput HCPL4502 .
HCPL4503| 15 | 30 Ry = 19k | I, = 16 mA, Ty = 25°C,
Vew = 1500 Vi
Cp,=15pF
Bandwidth BW 6N135/6 9 MHz | See Test Circuit 78 10
HCPL-2502

*JEDEC registered specification for 6N135/8.

Notes:

##A1] typicals at T, = 25°C.

. Derate linearly above 70°C free-air temperature at a rate of 0.8 mA~C.

Derate lincarly above 70°C frec-air temperature at a rate of 1.6 mA/°C.

Derate linearly above 70°C free-air temperature at a rate of 0.9 mW/°C,

. Derate linearly above 70°C free-air temperature at a rate of 2.0 mWr°C.

" CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current, I, to the forward LED input
current, I, times 100.

. Device considered a two-terminal device: Pins 1,2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together.

" Cormunon mode transient immunity in a Logic High Jevel is the maximum tolerable (positive) dV_,/dt on the leading edge of
the common mode pulse, Vi, to assure that the cutput will remain in a Logic High state (i.e., V> 2.0 V). Common mode
transicnt immunity in a Logic Low level is the maximum tolerable (negative) dV,,/dt on the trailing cdge of the commor
mode pulse signal, V., to essure that the output will remain in a Logic Low state (i.e., V, < 0.8 V).

8. The 1.9 k02 load represents : TTL unit load of 1.6 mA and the 5.6 kQ pull-up resistor.

9. The 4.1 k0 load represents 1 LSTTL unit load of 0.36 mA and 6.1 kQ pull-up resistor.

10. The frequency at which the ac output voltage is 3 dB below its mid-frequency value. .

11. The JEDEC registration for the 6N136 specifies a minimum CTR of 15%. HP guarantees 2 minimum CTR of 19%.

12. See Option 020 data sheet for more information.

13. Use of a 0.1 pfbypass capacitor connected between pins 5 and 8 is recommended.

14. In accordance with UL 1377, each optocoupler is proof tested by epplying an insulation test voltage 2 3000 Vv forl second
(leakege detection current limit, I <6 pA.

15. In accordance with UL 1577, each eptocoupler is proof tested by applying an insulation test voliage 26000V, forl second
(leakage detection current imit, I <5 pA. '

16. This rating is equally validated by an equivalent ac proof test.
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Insuiation Related Specifications

Vg ~ OUTPUT VOLTAGE - V

Figure 1. DC and Pulsed Transfer Characteristics.
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Vg~ FORWARD VOLTAGE -
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Figure 3. Input Current vs. Forward Veltage.

Parameter Symbol | Value | Units | Cordiuons
Min. External Air Gap 1(101) >17 mm | Measured from input terminals to output
(Clcarance) terminals
Min. External Tracking 1(102) >7 mm Measured from input terminals to output
Path (Creepage) “terminals
Min. Internal Plastic 0.8 mm Insulation thickness between emitter and
Gap (Clearance) detector
Tracking Resistance CTI 175 Volts | DIN IEC 112/VDE 0303 Part 1
Isolation Group Illa Material Group DIN VDE 0109
(Per DIN VDE 0109)
15
10 {— v, A Lo -z ° ———— 135
¢ e o £ e GN 136, HCPL 450213
AR g
[ e _—Wma ]
< ',/ —’_‘__,— z 1.9 B
El 13 - - F_ NORMALIZED
H {, | s 3 Y= 16mA
E g Vo =04V
N - — e
§' L 2 os .
o ’——_______________ 15 ma g
10 ma S
< -
1o e Sma "
0 1 L] 1 - 1 1 ) 0 (BNl 1t il 11ty
o ! 0 1 10 100

fy- INPUT CURRENT - mA

Figure 2. Current Transfer Ratio vs. Inp\;t Current.
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e \ NORMALIZED
_lp=16mA ___|
R Vo m04v
08 Nv— Ve 5V —]
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N
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U
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Figure 4. Current Transfer Ratio vs. Temperature.
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Figure 10, Test Circuit for Transient Immunity and Typical Waveforms.

20 T U
- == lp e 10MA L
20 b Ig = 16mA
9 [T veg e 50V L ¥
3 Tau25*C /f,
K P
10
a 08 P4 ton] ]
o 3 l/
§ c.e 5
’
S a4 oy
= AN
g o 3 T SN I _A_
£ o B 2
s ;
c.1 2
1 2 3 4 5 670810
Ry - LOAD RESISTANCE - K}

Figure 11. Propagation Delay Time va. Load Resistance.

*JEDEC Registered Data

—0 Vg

:[c‘ a6 uf

SV

Vo



'Internationdl
| IR Rectifier
|

Features

® Floating channel designed for bootstrap operation

Fully operational to +600V
1 Tolerant to negative transient voltage
dV/dt immune
l'w Gate drive supply range from 10 to 20V
'm Undervoltage lockout for all channels
+ M Over-current shutdown turns off all six drivers
El Independent half-bridge drivers
{ ® Matched propagation delay for all channels

/@ Outputs out of phase with inputs
]

.Description

} The IR2130 is a hi
MOSFET and IGBT driver with three ind
and low side referenced out
HVIC technology enables ruggedized monolithic con-
kstru'ction. Logic inputs are compatible with 5V CMOS
or LSTTL outputs. A ground-referenced operational
amplifier provides analog feedback of bridge current
Via an external current sense resistor. A current trip
function which terminates all six outputs is also de-
rived from this resistor. An open drain FAULT signal

current or undervoltage shutdown

indicates if an over-
output drivers feature a high pulse

ependent high
put channels. Proprietary

has occurred. The
current buffer stage designed for minimum driver

ross-conduction. Propagation delays are matched
0 simplify use at high frequencies. The floating chan-
nels can be used to drive N-channel power MOSFETs
or IGBTs in the high side configuration which oper-
gte up to 600 volts,

Typical Connection

gh voltage, high speed power

Data Sheet No. PD-6.019F

IR2130

3-PHASE BRIDGE DRIVER

Product Summary

VOFFSET 600V max.
lo+/- 200 mA /420 mA
Vour 10 - 20V
ton/off (typ.) 675 & 425 ns
Deadtime (typ.) 25 ps
Packages

up to 600V

E l
L i |
Voo o— 1 Vee VB1.23
RT3 T ANTZ3 Hoi2a
i ONTZ3 ONTZ3 vz
" FAULT o— AUC
g ~ TRIP
1 ca0 ca0
H CA-
§ Vss L0123
o] ‘e

A

D [}
——
15 Loap

GND

Col

v wo— ]
O ——
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‘ bsoiuue MaximumiRbtongs
4A]bsxlmtm Matimus iadicgt nuitaie s stainsdblymnt heco dawaiehtdamhge eoiteemdyvoce ma I ur.tAll valrageepara -

rtebs aeuaesollate oetages rdftr nSe. To Vsg. The Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions. Additional information s sFognrin 5iguheo go 3riu, hP5r,

ra,aaeuer Valoe
eyibil Drifvinniica MiU. Msx, Bn,t,
Vithosa H gl aiiegFloptin outpmy, Vol3ase 0.5 52,
Vi1.253 H gl aidegFOoften Oftset,VBl,a,e Vi50v31-23 +po3, + 1.3
Vuog, i eiFhoStde loapithOutaueVoltzgs 513v 123 | +go3,+ C.3
Ved on joeia diLegicuFixydVSipale -0.t,g5 {083 20
Vs LugdcVGro-n2 .cc 25 Vic + 0.3 v
Vio12,3 Low Side Output Voltage -0.3 Vee + 0.3
Vin Logic Input Voltage (HINT,2,3, LING 2,3 & ITRIP) Vss - 0.3 Vee + 0.3
Vear FAULT Output Voltage 3svC+.0 3c, VA3
Vcio Oae amilnfl A plipitrVOutauu ,0St ge VsC-03 VicV+A0.3
reg. OaeramilnfleA pnieitrnl vnrui goltputVVISa-e 3svC+3 3¢c V /.t
digwdb AlOowael uffsyt Sipale Voatsge tr—n5i,n/ S 50 Vinc
Pe PawkrgD soier iins@pTt on 2 TA, <2+ 5eC (28PLea, .I1) — 1.5
(28lLea—106C) A 1.( 4
44 Ce,d,P.Cy) — 2.0
Raaa TeeimtinRes suanci, Jin tmon no Ambient (28 Lead DIP) — 83
(28 Lead SOIC) — 78 ‘CwW
' (44 Lead PLCC) — 63
Ty Junction Temperature —_ 150
Ts Storage Temperature -55 150 «C
T Lead ueep(rotdre nS,!1e lego d0)s—con0s) ’ L0

Recommended Operating Conditions

The Input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the
Erecommended conditions. All voltage parameters are absolute voltages referenced to Vso. The Vg offset rating is tested
: with all supplies biased at 15V differential. Typicat ratings at other bias conditions are shown in Figure 54,

Parameter- Value
Symbol Definition Min. Max. Units
Vgiog High Side Floating Supply Voltage Vs123+ 10 | Vgi0a+20
Vsioa High Side Floating Offset Voltage Note 1 600
VHo123 High Side Fioating Output Voltage Vsio3 Veio3
Vee Low Side and Logic Fixed Supply Voltage 10 20
Vgs Logic Ground -5 5 v
Vioioa Low Side Output Voltage 0 Vee
Vin Logic Input Voltage (HINT,2,3, LIN1,23 & ITRIP) Vgg Vgs +5
Vet FAULT Output Voltage Vss Vee
Veao Operational Amplifier Output Voltage Vss 5
Vea. Operational Amplifier Inverting Input Voltage Vss 5
Ta Ambient Temperature ~40 125 °C

|
i Note 1: Logic operational for Vs of (Vsg - 5V) to (Vsp + 600V). Logic state held for Vs of (Vso - 5V) to (Vgp - VBs).

-
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'Dynamic Electrical Characteristics

1 Vaias (Vce, VBS1,2,3) = 15V, Vsp,12.3 = Vss, CL = 1000 pF and Ta = 25°C unless otherwise specified. The dynamic
electrical characteristics are defined in Figures 3 through 5.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
fon Turn-On Propagation Delay 11 500 675 | 850
B {oft Turn-Off Propagation Delay 12 300 | 425 | 550 Vin=0&5V
t Turn-On Rise Time 13 — 80 125 Vs1.23=0to 600V
t Turn-Off Fall Time 14 — 35 55 ns
thrip ITRIP to Output Shutdown Prop. Delay 15 400 660 | 920 Vine VitRip = 0 & 5V
i ty ITRIP Blanking Time — — 400 | — Virgip = 1V
([t | MRIPto FAULT Indication Delay 16 | 335 | 590 | 845 Vin Viraip = 0 & 5V
L Input Filter Time (All Six Inputs) — — 310 | — Vin=0&5V
. totgyr LIN1,23 to FAULT Clear Time 17 6.0 9.0 | 12.0 us Vine VitRip =0 & 5V
. DT Deadtime 18 1.3 25 | 3.7 Vin=0&5V
¥ SR+ Operational Amplifier Slew Rate (+) 19 4.4 6.2 — Vigs
SR- Operational Amplifier Slew Rate (-) 20 2.4 3.2 —

| Static Electrical Characteristics
VBias (Vcc, Vesi1,2.3) = 15V, Vs0,1,2,3=Vss and Ta = 25°C unless otherwise specified. The Vi, VTH and Iy parameters
t are referenced to Vsgs and are applicable to all six logic input feads: HIN1,2,3 & LIN1,2,3.The Vo and lo parameters

——— T -

E are referenced to Vgg 1,2,3 and are applicable to the respective output leads: HO1,2,3 or LO1,2,3.
; Parameter Value
¢ Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
B Vi Logic “0” Input Voltage (OUT = LO) 21 2.2 — — v
i Vi Logic “1" Input Voltage (OUT = Hl) 22 — —_ 0.8
: VITTH» ITRIP Input Positive Going Threshold 23 400 490 | 580
i Vou High Level Output Voltage, Vpgas - VO 24 — — 100 mV Vin =0V, lo = 0A
Vor Low Level Output Voltage, VO 25 — — 100 Vin=5V, lp =0A
E ik Offset Supply Leakage Current 26 — — 50 A Vg = Vg = 600V
i logs Quiescent Vgg Supply Current 27 — 15 30 H Vin =0V or 5V
¢ lace Quiescent Ve Supply Current 28 — 3.0 4.0 mA Vin =0V or 5V
d IiNe Logic “1” Input Bias Current (QUT = Hj) 29 - 450 | 650 Vin = 0V
| IN- Logic “0” Input Bias Current (OUT = LO) 30 — 225 | 400 PA Vin=5V
g TRy “High" ITRIP Bias Current 31 — 75 150 ITRIP = 5V
1 ITRIP- “Low™ ITRIP Bias Current 32 — — 100 nA ITRIP = 0V
E| Vasuve | Vas Supply Undervoltage Positive Going 33 75 | 835 | 9.2
} Threshold
b Vasuw Vs Supply Undervoltage Negative Going 34 7.1 795 | 88
l Threshold v
Veeuvs Vee Supply Undervoltage Positive Going 35 8.3 9.0 9.7
§ Threshold
] Vecuv- Vee Supply Undervoltage Negative Going 36 8.0 8.7 9.4
Threshold
Ronrir | FAULT Low On-Resistance 37 — 55 75 Q

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL B-137
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Static Electrical Characteristics -- Continued

\/BIAS (Vce, VBs1,2,3) = 15V, Vs0,1,2,3=Vss and Ta = 25°C unless otherwise specified. The VN, VTH and ||y parameters
are referenced to Vgg and are applicable to alf six logic input leads: HIN1,2,3 & LIN1,2,3. The Vg and lo parameters
are referenced to Vgg,1,2,3 and are applicable to the respective output leads: HO1,2,3 or LO1,2,3.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
los Output High Short Circuit Pulsed Current 38 200 250 — Vo =0V Viy=0V
mA PW<10 s
lo. Output Low Short Circuit Pulsed Current 39 420 500 - Vo =15V Viy=5V
PW<10yus
Vos Operational Amplifer Input Offset Voltage 40 — — 30 mV Vsgo = Vga. = 0.2V
lca- CA- Input Bais Current 41 — — 4.0 nA Vea. = 2.5V
CMRR Op. Amp. Common Mode Rejection Ratio 42 60 80 — Vgo=Vca.=0.1V & 5V
PSRR Op. Amp. Power Supply Rejection Ratio 43 55 75 — dB Vso = Vga. = 0.2V
Vce = 10V & 20V
Von.amp | Op. Amp. High Level Qutput Voitage 44 5.0 5.2 5.4 Vv Vea-=0V, Vgo= 1V
Voramp_| Op. Amp. Low Level Output Voltage 45 — — 20 mV  1Vea. =1V, Vg = 0V
dsrc.amp | Op. Amp. Output Source Current 46 23 4.0 —_ Vea-=0V, Vgg= 1V
Veoap =4V
Isrc,avp | Op. Amp. Output Sink Current 47 1.0 2.1 — Vea- =1V, Vgg= 0V
mA Vcao =2V
lo+amP Operational Amplifier Output High Short 48 —_ 4.5 6.5 Vea- =0V, Vgo=5V
Circuit Current Veao =0V
lo-, amp Operational Amplifier Output Low Short 49 —_ 3.2 5.2 Vea- =5V, Vgo =0V
: Circuit Current Vcao =5V
%
Lead Assignments
e Y wlm EEE S §3 2 e ~  walm
=] Ami Ho1 {27 ) [51 4] [3] JEREED 2| A Ho1 [ 27 ]
3] Feee vst [ 28] O 5] ez vg1 (2]
] ma %) <] A3 (%]
] o vea [30] Bl Ve ow vez [1]
I o2 (23] oz Al voz [33)
Ol vs2 [2] 5 V2 [ vsz 22}
] A EXN| [ Frr 68|
=] e vas [20] [ O mre vea (20}
o] ceo Hod [19] ol en Ho3 [19]
O] o ves 781 pd ves G ox vss [i5]
] ves 7] % Ho3 O] vss )
=] vso woi[38] Vs3 2} veo Lo1[16]
L] o 102 15] Mwm@]—??%}g 1403 102 {15
28 Lead DIP ead PLCC w/o 12 Leads 28 Lead SOIC (Wide Body)
IR2130 IR2130J IR2130S
Part Number
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Functional Block Diagram

S St g— — . - — ot i it ot s ot sttt s ettt
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SET
A é INPUT ul o ""‘-s$ o LaTen
SIGNAL EERATOR ] Thee-e- Q HO
L1 LEVEL
i) é GENERATOR |——— SHITER w
RESET | DETECTOR
v
mc,L O Vsi
m (]>‘ vez
NPUT PULSE = LaTCH
e é 1 Y oot o | feeee- O o2
GENERATOR |—— SHIFTER w
o RESEY | DETECTCR
I Q vs2
AT "
s 3 w ST LATCH o
INPUT PULSE
I CLEAR FARLT SIGNAL cewerator | U1 _ o3
LoGIC LoGIC &) LeveL ¢
c s GENERATOR |— SHFTER w
' RESET | DETECTOR
O vsy
Vee é l
DRIVER Los
1TRIP UNDER-
VOLTAGE  jg— l
l osv CURRENT DETECTOR
COMPARATOR
C10
CURRENT I ORIVER Loz
I AP

Lead Definitions

Lead

Symbol | Description

HIN1,2,3| Logic inputs for high side gate driver outputs (HO1,2,3), out of phase
LINT,2,3 | Logic inputs for low side gate driver output (LO1,2,3), out of phase
FAULT | Indicates over-current or undervoltage lockout (low side) has occurred, negative logic
Vce Low side and logic fixed supply

ITRIP Input for over-current shutdown

CAO Output of current amplifier

CA- Negative input of current amplifier

Vss Logic ground

VB1,2,3 | High side floating supplies

HO1,2,3 | High side gate drive outputs

Vs1,2,3 | High side floating supply returns

LO1,2,3 | Low side gate drive outputs

Vso Low side return and positive input of current amplifier

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL  B-139



e - Ty Ty T T CRETNG ERW TR0 o - - v R Ty o

[ VS

T womp— ek T RSN W W TRTRT G

A TR E IR T v

e s G TR R

' m e om

International

IR2130 ISR Rectifier
Device Information
Process & Design Rule HVDCMOS 4.0um
Transistor Count 700
Die Size . 126 X 175 X 26 (mil)
Die Outline Il
Thickness of Gate Oxide 800A
Connections Material Poly Silicon
First Width 4 pym
Layer Spacing 6 ym
Thickness 5000A
Material Al - Si (Si: 1.0% £0.1%)
Second Width 6 pym
Layer Spacing 9 ym
Thickness 20,000A
Contact Hole Dimension 8 um X8 um
Insulation Layer Material PSG (SiO,)
Thickness 1.5 ym
Passivation Material PSG (Si0y)
(1) Thickness 1.5 pm
Passivation Material Proprietary*
(2) Thickness Proprietary*
Method of Saw Full Cut
Method of Die Bond Ablebond 84 - 1
Wire Bond Method Thermo Sonic
Material Au (1.0 mil / 1.3 mil)
Leadframe Material Cu
Die Area Ag
Lead Plating Pb:Sn (37:63)
Package Types 28 Lead PDIP & SOIC /44 Lead PLCC
Materials EME6300 / MP150/ MP190
Remarks:  * Patent Pending
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Veo =?15v HY =10 10 600V

I
2
N
wi

Ll
LY

51
3
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F
R Yo V,L_, Jﬁﬂ}:’ 2,310 meI 1004
S O O i N e
33 oHO123 rm
ITRIP l I [_] r—l iR2130 I 1068 { | ’ - >Sovms
AULT 1234 QUTPUT
J I I I_, MONITOR -
Ch Vi o s I
HO1,2,3 | | l | ‘ mrszo(ﬂ
L01,2,3 I_-I - -
Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply Voltage Transient Test Circuit
HINT,2,3
50% 50%
LIN1,2,3

50%

I R

Figure 3. Deadtime Waveform Definitions Figure 4. Input/Output Switching Time Waveform

Definitions
{so%
LIN1,2.3 /
VOC
(TRIP  / 0% \ D
o ' —{ ] cao
AT | ow 01—
50% 50% Vss
101,23 VA~
~ ~ e b i
‘} Vss
f—  tarp
Figure 5. Overcurrent Shutdown Switching Time Flgure 6. Diagnostic Feedback Operational Amplifier
Waveform Definitions Circuit
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_J.-_é 20k
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=TT “TAT2
Figure 7. Operational Amplifier Slew Rate Figure 8. Operational Amplifier Input Offset Voltage
Measurement Measurement
VCC
V,
CINN
CA- >——e— ] CAO
/ VSS
+
= 20k
o2v]
3tk
Measure Vcao1 atVgg = 0.1V
Vcaoz atVgg = 5V

-0.1V) - .
CMRR = -20-L0G | /CA01-0-1 4)9V(V°A°2 V)| s

Figure 9. Operational Amplifier Common Mode
Rejection Ratio Measurements

150
120
3 Mex.
o i P
EO.QO S g
S B ke
2 “\\.\
qQ 060 o
E B i L s SRR PRSI DU PEN——
030
0.00
-50 -25 0 25 50 75 100 125

Temperature (*C)
Figure 11A.Turn-On Time vs.Temperature
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Tumn-On Delay Time (us)

V Measure Vcao1 atVee = 10V
Vcaoz atVee = 20V

Vcao1 - VCA02|
(10V) (21)
Figure 10. Operational Amplifier Power Supply
Rejection Ratio Measurements
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Figure 12A.Turn-Off Time vs. Temperature Figure 12B. Turn-Off Time vs. Voltage
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Figure 14A.Turn-Off Fall Time vs. Temperature

Figure 14B.Turn-Off Fall Time vs. Voltage
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Figure 20B. Logic “0” Input Threshold vs. Voltage
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MOTOROLA Order this document
SEMIEONDUCTOR TECHNICAL DATA by MGY30N60D/D

é
Desjgners™ Data Sheet ® -
I:ns{llated Gate Bipolar Transistor MGY30NG0D

- ' - - Motorola Preferred Device
with Anti-Parallel Diode ;
N-Channel Enhancement-Mode Silicon Gate IGBT & DIODE IN TO-264
i 30 A @ 90°C
This Insulated Gate Bipolar Transistor (IGBT) is co-packaged 50 A @ 25°C
with a 'soft recovery ultra—fast rectifier and uses an advanced 600 VOLTS
termination scheme to provide an enhanced and reliable high SHORT CIRCUIT RATED

voltage-blocking capability. Short circuit rated IGBT's are specifi-
cally suited for applications requiring a guaranteed short circuit
withst$nd time such as Motor Control Drives. Fast switching
characteristics result in efficient operations at high frequencies.
Co—packaged IGBT’s save space, reduce assembly time and cost.

¢ Industry Standard High Power TO-264 Package (TO-3PBL) c
o High Speed Eqff: 60 pd per Amp typical at 125°C
o High Short Circuit Capability — 10 s minimum
» Soft Recovery Free Wheeling Diode is included in the package
« Robust High Voltage Termination G
o Robust RBSOA
! E
!
i
CASE 340G-02, Style 5
E TO-264
MAXWUM RATINGS (Tc = 25°C unless otherwise noted)
Rating Symbol Value Unit
Col?ector—Emitter Voltage VCES 600 vde
Colfector—Gate Voltage (RGE = 1.0 MQ) VCGR 600 vdc
Gatie-Emitter Voltage — Continuous VGE +20 Vdc
Col!ector Current — Continuous @ T¢ = 25°C Icos 50 Adc
1 — Continuous @ Tg =90°C lcoo 30
; — Repetitive Pulsed Current (1) ¥ Icm 100 Apk
Total Power Dissipation @ Tg = 25°C Pp 202 Watts
Qerate above 25°C 1.61 wWrC
Op:arating and Storage Junction Temperature Range Ty, Tstg -551t0 150 °C
Short Circuit Withstand Time tsc 10 us
CC = 360 Vdc, VGE = 15 Vdc, Ty = 25°C, Rg =20 Q)
Th;ermal Resistance — Junction to Case — IGBT ReoJc 0.62 °C/W
¥ — Junction to Case ~ Diode RaJc 1.41
, — Junction to Ambient Rgua 35.
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 5 seconds Ty 260 °C
Mbunting Torque, 6-32 or M3 screw 10 Ibfein (1.13 Nem)

W) [’ulse width is limited by maximum junction temperature.

Dosfgner’s Data for “Worst Case” Conditions — The Designer's Data Sheet pemnits the design of most circuits entirely from the information presented. SOA Limit
curves — representing boundaries on device characteristics — are given to facilitate “worst case” design.

f
3
»

Pu{erred devices are Motorola recommended cholces for future use and best overall value.

. @ MOTOROLA

© Motorola, Inc. 1995
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

I t Characteristic Symbol I Min l Typ J Max | Unit T
OFF CHARACTERISTICS
Collector—to-Emitter Breakdown Voltage BVces Vdc
(V@E = 0 Vdc, I = 250 pAdc) 600 - —
Temperature Coefficient (Positive) - 870 —_ mV/°C
Zero Gate Voltage Collector Current ICES pAdc
(VCE = 600 Vdc, Vgg = 0 Vdc) — - 100
(VGE = 600 Vdc, VGE = 0 Vdc, Ty = 125°C) — — 2500
Gate~Body Leakage Current (VGE = * 20 Vdc, VG = 0 Vdc) IGES —_ _ 250 nAdc
ON CHARACTERISTICS (1)
Collactor-to~Emitter On-State Voltage VCE(on) vdc
(V&E = 15 Vde, I = 15 Adc) - 2.20 2.90
(V&E = 15 Vde, IC = 15 Adc, T = 125°C) - 2.10 -
(VGE = 15 Vdc, Ic = 30 Adc) — 2.60 3.45
GatogThreshold Voltage VGE(th) Vde
(Vee = VGE, Ic = 1 mAdc) 4.0 6.0 8.0
Threshold Temperature Coefficient (Negative) — 10 — mv/rC
Forward Transconductance (VGE = 10 Vdc, Ic = 30 Adc) Ofe —_ 15 - Mhos
DYNAMIC CHARACTERISTICS
Inpu} Capacitance Cies - 4280 —_ pF
: : (VCE =25 Vdc, VGg =0 Vdc, i — —
Out;3ut Capacitance f=1.0 MH2) Coes 225
Trargsfer Capacitance A Cres — 19 —
SWITCHING CHARACTERISTICS (1)
Tum-On Delay Time , td(on) —_ 76 - ns
Rise Time t — 80 -
Tm:;—pff Delay Time (Vo =360 Vde, I = 30 Adc, td(off) — 348 -_
o VGE = 15 Vdc, L = 300 uH "
Ti GE , w — —
Fall! ime Rg =20 Q, T = 25°C) tf 188
Turp—Off Switching Loss Energy losses include “tail” Eoff —_ 0.98 1.28 mJ
Turn-On Switching Loss Eon — 2.00 -
Total Switching Loss Ets - 2.98 -
Turb-‘On Delay Time td(on) — 73 — ns
Rige Time t — 95 —_
Tum-Off Delay Time (Vo =360 Vde, Ic = 30 Adc, td(off) — 394 -_—
1 VGE = 15 Vdc, L = 300 pH
'r GE (] H _— —
Fal Time RG =209, T) = 125°C) ' 418
Tum-Off Switching Loss Energy losses include “tail” Eoff - 1.90 - mJ
Tu['n—On Switching Loss Eon — 3.10 —
Tofal Switching Loss Ets —_ 5.00 —
Gate Charge Qr — 150 — nC
' (Ve =360 Vdc, I = 30 Adc,
; VGE = 15 Vdc) Q _ 30 —
I Qo — 45 —
DlObE CHARACTERISTICS
Didde Forward Voltage Drop VFEC Vdc
{lec = 15 Adc) — 1.30 1.80
(lec = 15 Adc, Ty = 125°C) — 1.10 —
(IEC =30 Adc) — 1.45 2.05

(1) rulse Test: Pulse Width <300 us, Duty Cycle < 2%.

5
!

(continued)
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ELECTRICAL CHARACTERISTICS — continued (T, = 25°C unless otherwise noted)

l E Characteristic Symbol l Min l Typ l Max J Unit I
DIODE CHARACTERISTICS — continued
Rever%e Recovery Time trr — 153 — ns
(IF = 30 Adc, VR = 360 Vdc, ta - 82 —
E dlg/dt = 200 Ajus) t — 71 -
Rever:se Recovery Stored Charge QRR — 23 — uC
Reverse Recovery Time ter - 208 - ns
j (IF = 30 Adc, VR = 360 Vdc, ta - 17 -
, dip/dt = 200 Alus, Ty = 125°C) th — 01 —
Reverse Recovery Stored Charge QRR — 3.8 - uc
INTERNAL PACKAGE INDUCTANCE
Internal Emitter Inductance Le nH
(Ml'easured from the emitter lead 0.25" from package to emitter bond pad) — 13 —_

]

TYPICAL ELECTRICAL CHARACTERISTICS

60 T T T T T 60 L) T T T T
Ty=25°C VGe=20V 125V Ty=125°C VGE=20V / 125V
@& l @ Lo -
2 I17.5V-——" 10V 2 17'15V / / oV
£ 4 15V === = 5y —f/
: : /.
o
3 3 ///
o o
e 2 7/
o 20 w20 y
6 g}
8 8
L °
0 0
!0 1 2 3 4 5 0 1 2 3 4 5
" VcE, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
H
Figure 1. Output Characteristics, T, = 25°C Figure 2. Output Characteristics, T,) = 125°C
| g P J
g —
o 2
Veg =100V ] Vge=15V |
= 5 us PULSE WIDTH e 80 ps PULSE WIDTH Ic=30A
<C o —
§ ¥ Ty=125°C // = T I
§ 4 % z 26 o 25 A
t ———-'_\\
8 H / = //
5 /s d g
o 25°C & yd 15 A
g V. / o« 29 A —— \\
(o]
3 » 5 ]
=1 A 38
0 ] 8 18
! b 6 7 8 9 10 11 > =50 0 50 100 150
VGE, GATE-TO-EMITTER VOLTAGE {(VOLTS) Ty, JUNCTION TEMPERATURE (°C)
Figure 3. Transfer Characteristics Figure 4. Collector-to—Emitter Saturation

i i Y VN

Voltage versus Junction Temperature

Nfotorola TMOS Power MOSFET Transistor Device Data . 3
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8ood

C, CAPACITANCE (pF)

TOTAL SWITCHING ENERGY LOSSES {mJ)

TOTAL SWITCHING ENERGY LOSSES (mJ)

g

Veg=0V Ty=25°C
\\
~~~i_ Cies
Coes
ICE‘\
0 5 10 15 20 25
ATE-TO-EMITTER OR COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)

Figure 5. Capacitance Variation

Vee=360V |
Vge=15V
Ty=125C | =T |c=30A
20A
10A
10 20 30 40 50

R@. GATE RESISTANCE (OHMS)

Figure 7. Total Switching Losses versus
Gate Resistance

1
L Voo =360V

/

VGe=15V

/

[ Rg=20Q
L Ty=125°C

L]

]

g

0 5

10

15

20

25 30

Ic, COLLECTOR-TO-EMITTER CURRENT (AMPS)

Figure 9. Total Switching Losses versus
Collector-to—-Emitter Current

TOTAL SWITCHING ENERGY LOSSES (mJ) VGE, GATE-TO-EMITTER VOLTAGE (VOLTS)

TURN-OFF ENERGY LOSSES (mJ)

20

foid
3]

o
n

b
n

b
3

g
3

-
1)

Q
o

0
10

Qr

Q

25°C |
=30A

o

30

60 90
Qg, TOTAL GATE CHARGE (nC)

120

Figure 6. Gate-to—Emitter Voitage versus

Total Charge

150

{
Voo =360V
f— VGE =15V
Rg=20Q

7

Ic =L30A/'

]

/

20A

10A_| "]

e
-
/
-

/

_—]
L]
—

"1

o

25

50 75 100 125

Ty, JUNCTION TEMPERATURE (°C)

Figure 8. Total Switching Losses versus

Junction Temperature

150

Voo =360V
| Vge=15V

Ty=125°C

lc=30A

20A

10A

20

30 40
R, GATE RESISTANCE (OHMS)

Figure 10. Turn-Off Losses versus

Gate Resistance

50

[rp—
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k
3 I 2T T
= Vee =360V = | Vecc=30V v
£ b~ VgE=15V 2 VGE=15V v
o ~ N  Rg=20Q /
Rg=20Q wl
W G 15 o P
B @ Ty=125°C A
S < S 4
& — 1 3
% lc=30A = v &g 1
=
w
i 1 e / i //
Q 204A g v
£ / E 05 —
= —— 10A = /]
d
0
9 0 25 50 75 100 125 150 0 5 10 15 20 25 30
E Ty, JUNCTION TEMPERATURE (°C) Ic, COLLECTOR-TO-EMITTER CURRENT (AMPS)
Figure 11. Turn—Off Losses versus Figure 12. Turn-Off Losses versus
¢ Junction Temperature Collector-to-Emitter Current
o
g 109 2 10
— [
E g z
[en H // /' E
5 77 3
o 4 & 10
é ; Ty=125°C Z—F E
n y——177)-25°C @
@ /7 &
. / y4 'T
2 VA 4 <
g ¢ > 2 7.' 9
§ ‘ 7 / g E vge=15V
= § ]I 4 § — RGE=20Q
E ] I S, [ Ty=t2C
s Qﬁ I I = 0.1 I u
- E 0 04 08 1.2 1.6 10 100 1000
' Vem, FORWARD VOLTAGE DROP (VOLTS) VcE, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
E Figure 13. Typical Diode Forward Drop versus Figure 14. Reverse Biased Safe
i Instantaneous Forward Current Operating Area-
i
1
f
¥
'
i
[
k
:
i
|
3
E
4
f
'
|
!
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i PACKAGE DIMENSIONS
i
i
; [©] 20250010 @[] B @]
' =Q-] =T- NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
‘ Y14.5M, 1982,
VA 2. CONTROLLING DIMENSION: MILLIMETER,
= v MILLIMETERS INCHES
f | DM MIN | MAX | MIN | MAX
Al 281 29] 1102 1142
i A B ] 193] 203] 0760 | 0.800
< c 47 53 | 0185 | 0209
? L Dl 093] 148 ] 0037 [ 0058
ki ¢ E 191 210075 | 0083
| i \ F 2.2 24 | 0087 | 0102
T_ ] f G | _545BSC 0215 BSC
P H 26 30 ] 0102 | 0.118
K J| 043 | 078 ] 0017 | 0031
K1 176 | 188 | 0603 | 0740
t L] 110} 114 0433 | 0.449
. N | 3951 475 0156 | 0.187
L w P| 221 261 0087 0402
' o a1l 357 012 0137
R| 215] 235 | 005 | 0093
Gr— J U1 61| 65 0240 | 0256 |
D3apL H—>l b Wl 28[ 32 om0/ o125
STYLE 5
(@] 025 0.010) @[]0 O] nes o
2. COLLECTOR
3. EMITTER
CASE 340G-02
TO-264
ISSUE E

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warmranty, representation or guarantee regarding
the sultability of its products for any particular purpose, nor does Motorola assume any liabitity arising out of the application or use of any product or circuit, and
specifically disclaims any and afl liability, including without imitation consequentlal or incidental damages. “Typical” parameters which may be provided in Motorola
datg sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
othérs. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could creats a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyershallindemnify and hold Motorola
and ts officers, employees, subsidiarles, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
a:@ng out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and: &4 are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal

Opportunity/Affirmative Action Employer.
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SP equ 18h:word

I0C2 Equ O0BH
timer1 equ 0AH

timer2 equ OCH
hso_command equ 06h

hso_time equ 04h

ios0 equ 15h
10C1 EQU 16H
Rseg at 40H
Ns ;dsw 1 ;synchronous speed
f tdsw 1 ;synchronous frequency
v tdsw 1 voltage
mf :dsw 1 ;modulation frequency
mfl  :dsw1 :modulation frequency 1 ( to count loops in calculating W of pulses)
mf2 :dsw1 :modulation frequency 2 ( to count loops in calculating W of pulses)
period : dsw 1 ;the total numbers of the set and reset position in one cycle
spal :dswi1 ;the starting address of phase A for copying to others
spam :dsw1 ;the final address of the first block of phase A to move to phase B
spac :dsw1 ;the final address of the first block of phase A to move to phase C
spa2 :dsw1 ;the final address of phase A
spb1 :dswi ;the starting address of phase B
spbm :dsw1 :the middle address of phase B
spb2 :dsw ithe final address of phase B
spc1l :dsw1 . ;the starting address of phase C
spcm :dsw1 :the middle address of phase C
spc2 :dsw1 ithe final address of phase C

count_loop : dsw 1 ;the counter of loop to set pulse in a cycle

count1 :dsw1 :the number of pulses in the first block to be copied from A to others

count2 :dsw 1 :the number of pulses in the second block to be copied from A to

others

cocheck : dsb 1 :to make sure that the copying address is the multiplicity of four
L cdsw 1 ;the period of each pulse

LS :dswi ;the remainder of the dividing L

s :dsw 1 ;the half of period of each pulse

s1 :dsw 1 ;the setting position
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s2  dswi
w  idswi
pt :dsl1
pti  :dsw1

check :dsw1

;the resetting position
;the width of pulse

:address to jump in look up table of cosine
;to check whether pt is even or not

;to check whether table[pt] is negative or not

cal :dswi1 ;the value of cosine to calculate W
b :dsb 1 ;the bit to indicate the value whether it is negative or not
A 1 dsw 1 ;the setting position of phase A
SB  :dswi1 ; the setting position of phase B
SC :dswi1 ;the setting position of phase C
Al dsw1 ;the setting position of phase A complementary
Bl  :dswi1 ;the setting position of phase B complementary
Ci :dsw 1 the setting position of phase C complementary
RA :dsw 1 ;the resetting position of phase A
RB :dswi1 ;the resetting position of phase B
RC :dswi1 ;the resetting position of phase C
RAI  :dsw1 ;the resetting position of phase A complementary
RBlI :dsw1 ;the resetting position of phase B complementary
RCl  :dswi1 ;t.he resetting position of phase C complementary
X :dsw 1 ;the index for counting down the address to get the position of set and
reset
poit :dsl1 :double word of multiplicity of v peak and cosine
poit2 :dsl1 ;double word of multiplicity of v peak and cosine
poit3 :dsi1 .double word of multiplicity of v peak and cosine
poit4 :dsl 1 ;double word of multiplicity of v peak and cosine
j o :dsi1 ;double word which can do everything for us ha ha hal!!
co :dswi
coi :dswi
tmp :dswi
cseg at 2080h
br begin
CSEG AT 2100H
TABLE:

dew 255,255,255,255,255,255,255,255,255,255,255,255,255,255,254,254

dew 254,254,254,254,253,253,253,253,252,252,252,252,251,251,251,251
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dew  250,250,250,249,249,249,248,248,247 247 247,246,246,245 245 244
dew 244,244,243,243,242,242,241,241,240,239,239,238,238,237,237,236
dew 235,235,234,234,233,232,232,231,230,230,229,228,227,227 226,225
dew 225,224,223,222,221,221,220,219,218,217,217,216,215,214,213,212
dew 211,211,210,209,208,207,206,205,204,203,202,201,200,199,198,197
dew 196,195,194,193,192,191,190,189,188,187,186,185,184,183,182,181
dew 179,178,177,176,175,174,173,171,170,169,168,167,166,164,163,162
dew 161,159,158,157,156,155,153,152,151,149,148,147,146,144,143,142
dew  140,139,138,136,135,134,132,131,130,128,127,126,124,123,122,120
dew 119,117,116,115,113,112,110,109,108,106,105,103,102,100,99,97
dew 96,95,93,92,90,89,87,86,84,83,81,80,78,77,75,74
dew 72,71,69,68,66,65,63,62,60,59,57,56,54,53,51,49
dew 48,46,45,43,42,40,39,37,36,34,32,31,29,28,26,25
dew 23,21,20,18,17,15,14,12,10,9,7,6,4,3,1,0
dew -1,-3,-4,-6,-7,-9,-10,-12,-14,-15,-17,-18,-20,-21,-23,-25
dew -26,-28,-29,-31,-32,-34,-36,-37,-39,-40,-42,-43,-45,-46,-48,-49
dew -51,-53,-54,-56,-57,-59,-60,-62,-63,-65,-66,-68,-69,-71,-72,-74
dew -75,—77.-78,-80,-81,-83.-84,-86,-87.-89.-90,-92,~93.-95.-96.—9?
dew -99,-100,-102,-103,-105,-106,-108,-109,-110,-112,-113,-115,-116,-117,-119,-120
dew -122,-123,-124,-126,-127,-128,-130,-131,-132,-134,-135,-136,-138,-139,-140 -142
dow -143,-144,-146,-147,-148,-149,-151,-152,-1 53,-155,-156,-157,-158,-159,-161,-162
dcw -163,-164,-166,-167,-168,-169,-170,-171,-173,-174,-175,-176 ,-177,-178,-1 79,-181
dew -182,-183,-184,-185,-186,-187,-188,-189,-190,-191,-192,-193,-194,-195 -1 96,-197
dew -198,-199,-200,-201,-202,-203,-204,-205,-206,-207,-208,-209,-210,-211,-211 212
dew -213,-214,-215,-216,-217,-217,-218,-21 9;—2;20 ~221,-221,-222,-223,-224,-225 -225
dew -226,-227 -227 -228,-229,-230,-230,-231,-232,-232,-233,-234,-234,-235,-235 -236
dew -237,-237,-238,-238,-239,-239,-240,-241 ,-241 ~242,-242,-243,-243,-244,-244 -244
dew -245,-245-246,-246,-247,-247 -247 -248,-248,-249,-249,-249,-250,-250,-250 -251
dew -251,-251,-251 ~252,-252,-252,-252,-253,-253,-253,-253,-254 -254,-254,-254,-254
dew ~254,-255,-255,-255,-255,-255,-255,-255,-255,-255,-255,-255,-255-255,-255.-255
dew -255.-255.-255.-255,-255,-255,-255.-255.-255,-255.-255.-255.-255,-255,-254.-254
dew -254,-254,-254,-254,-253,-253,-253,-253,-252,-252,-252,-252 -251,-251 ~251,-251
dew -250,-250.—250.-249.-249.-249,—248,-248,-247.-247,-247,—246,-246,-245,~245.-244
dow  -244,-244,-243,-243,-242,-242 -241 -241 -240,-239,-239,-238,-238,-237,-237 ,-236
dew -235,-235.-234,-234.-233.-232,-232.-231.-230.-230,~229,-228,—227,-227.-226.-225



dow -225,-224,-223,-222,-221,-221,-220,-219,-218,-217,-217,-216,-215,-214,-213,-212
dew -211,-211,-210,-209,-208,-207,-206,-205,-204 -203,-202,-201,-200,-199,-198,-197
dcw -196,-195,-194,-193,-192,-191,-190,-189,-188,-187,-186,-185,-184,-183,-182,-181
dew -179,-178,-177,-176,-175,-174,-173,-171,-170,-169,-168,-167 -166,-164,-163,-162
dcw -161,-159,-158,-157,-156,-155,-163,-152,-151,-149,-148,-147 -146,-144 -143,-142
dcw -140,-139,-138,-136,-135,-134,-132,-131,-130,-128,-127,-126,-124,-123,-122,-120
dew -119,-117,-116,-115,-113,-112,-110,-109,-108,-106,-105,-103,-102,-100,-99,-97

e o

TUET mm i Ttow oWy ot m wem

e s

e % et aT e .
o SV

= W M x mrane

dew -96,-95,-93,-92,-90,-89,-87,-86,-84,-83,-81,-80,-78,-77,-75,-74

dew -72,-71,-69,-68,-66,-65,-63,-62,-60,-59,-57,-56,-54,-53,-51,-49

dcw -48,-46,-45,-43,-42,-40,-39,-37,-35,-34,-32,-31,-29,-28,-26,-25

dew -23,-21,-20,-18,-17,-15,-14,-12,-10,-9,-7,-6,-4,-3,-1,0

dew 1,3,4,6,7,9,11,12,14,15,17,18,20,21,23,25

dew 26,28,29,31,32,34,36,37,39,40,42,43,45,46,48,49

dcw 51,53,54,56,57,59,60,62,63,65,66,68,69,71,72,74

dcw 75,77,78,80,81,83,84,86,87,89,90,92,93,95,96,97

dew 99,100,102,103,105,106,108,109,110,112,113,115,116,117,119,120
dew 122,123,124,126,127,128,130,131,132,134,135,136,138,139,140,142
dcw 143,144,146,147,148,149,151,152,153,155,156,157,158,169,161,162
dcw 163,164,166,167,168,169,170,171,173,174,175,176,177,178,179,181
dcw 182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197
dew 198,199,200,201,202,203,204,205,206,207,208,209,210,211,211,212
dcw 213,214,215,216,217,217,218,219,220,221,221,222,223,224,225,225
dew 226,227,227,228,229,230,230,231,232,232,233,234,234,235,235,236
dew 237,237,238,238,239,239,240,241,241,242,242,243,243,244,244,244
dew 245,245,246,246,247,247,247,248,248,249,249,249,250,250,250,251
dew 251,251,251,252,252,252,252,253,253,253,253,254,254,254,254,254
dcw 254,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255
dew 255,255,255,255,255,255,255,255,255,255,255,255,255,255,254,254
dcw 254,254,254,254,253,253,253,253,252,252,252,252,251,251,251,251
dew 250,250,250,249,249,249,248,248,247 247,247 ,246,246,245,245,244
dcw 244,244,243,243,242,242,241,241,240,239,239,238,238,237,237,236
dcw 235,235,234,234,233,232,232,231,230,230,229,228,227,227,226,225
dow 225,224,223,222,221,221,220,219,218,217,217,216,215,214,213,212
begin:

Id sp,#5EF2H
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divb Ns,#30 ;FIND SYNCHRONOUS FREQUENCY
and Ns #00ffh
Id f,Ns
mulb Ns,#22 ;FIND RMS VOLTAGE
divub Ns #5
and Ns #00ffh
clrv
id v.Ns
mulu v,#141 ;FIND AMPLITUDE VOLTAGE
divu v,#100
cirmf
Id jj,#0
Id jj,#3200 ;FIND NUMBERS OF PULSES
divu jj,f
shil jj,#8
shil jj,#8
shrl jj,#8
shrl jj,#8
Id mf,jj
{d mf1,mf
Id mf2,mf
LD COMF
LD COl,mf
cirL
Id jj,#0
Id jj,#15000 ;FIND L AND S
divu jj,f
shil jj,#8
shil jj,#8
shrl jj,#8
shrl jj,#8
muly jj,#50
divu jj,mf
shll jj,#8
shll jj,#8
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shr jj.#8
shrl jj#8

id Ljj

and |, #0Cffh

clrs

L
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Idst
LD LSt
shr s, #1
and s, #00ffh
id pt, #2048 ;find pt
divu pt,mf
shil pt,#8
shll pt.#8
shri pt,#8
shri pt,#8
Id pt1,pt
divb pti,#2
shr pti,#&
and pti,#00FFh
je berger; jump if zero flag =1

sub pt#1

berger:

cirpti

Id pti,pt

car_w:

clr checi
clry
clrcal
clro
clrs1

clrs2

Id eheck,table[pt] ; check wheater table[pt] is negative or not

ld «al,chéck

shr check #8 ;check sign of table

Id b,check
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jbc b,7,add1 ; go 'add1' if check is positive
neg cal if table is negative neg it before calculating w
id jj,cal
mulu jj,L
mulu jj,v
divu jj,#345
shll jj,#8
shil jj#8
shrl jj,#8
shrl jj,#8
divu jj,#256
shll jj,#8
shil jj,#8
shrl jj,#8
shrl jj,#8
Id w,jj
negw
add w,L
shrw,#1
brgo
addi:
Id jj,cal ; if table is positive calculate the value of w immediatly
mulu jj,L
mulu jj,V
divu jj,#345
shil jj,#8
shli jj,#8
shrl jj,#8
shrl jj,#8
divu jj,#256
shil jj,#8
shil jj,#8
shrl jj,#8
shrl jj,#8
add jj,L
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shr jj#1
Id w,jj
brgo

hi:
brcal_w

go:

shrw,#1 :divide w by 2 to find s1 and s2 for setting pulses

sub s1,s,w ; lob kwar
add s2,s,w ; buarg sai
CMP 52,51
JE EQUAL
BR NEXT
EQUAL:
SUB S1.#3
NEXT:
push s1
push s2
add pt,pti
dec mf
jne hi
Clr x
Cir  Timer2

Ldb 10C2,#10000000b
LDB 10C1,#010100008
LDB HSO_COMMAND,#010011008

keep_loop:
cr X
id coco
keep:
sub  x,#2
Id a,5ef2h{x]
Id  sb,5402h(x]
id sc,4a02h(x]
sub  Xx#2
Id ra,5ef2h(x]
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Id  rb,5402h[x]
ld  rc,4a02h[x]
temp:
add tmp,L
set_A:
jbs i0s0.7,set_ A
Idb hso_command,#20H
ADD A #0003H

add hso_time,tmp,a

reset_A:

jbs i0sG,7 reset_A
Idb hso_command,#00H
add hso_time,tmp,ra
reset_Al:
_Jbs i0s0.7,reset_Al
ldb hso_command #01H
SUB A#0003H
add hso_time,tmp,a
set_Al:
ibs iosC,7 set_Al
tdb hsc_command,#21H
add RA,#0003H
add hso_time,tmp,ra
dec co
jne keep
or keep_loop

end
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