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WIWEK PHACHEERAK : DEVELOPMENT OF A DC POWER SUPKFL
FOR THE SCREEN GRID OF RS2058CJ TETRODE TUBE IN TRIE
SYSTEM OF SIAM PHOTON SOURCE. THESIS ADVISOR : PROF

WNG. CMDR. SARAWUT SUJITJORN, Ph.D., 191 PP.

DC POWER SUPPLY, RESONANT CONVERTER, SIAM PHOTON $RCE

This thesis concerns with a 8JQ-500 W DC power supply feeding the

screen grid of RS2058CJ tetrode tube which amplifiggh power RF signal in the
storage ring of the Siam Photon Source. The prapbBg& power supply as a constant
voltage source has a 3-phase parallel-resonantedamas its main structure that is

fed by a single-phase source of 220, 50 Hz. The converter operates with 77 kHz -

150 kHz switching frequencies. The gain formul& ftequency characteristic curves
of the converter, and PSIM simulation softwarediézed for designing the resonant
network. Regulation of the output voltage is acclished by a closed-loop control
having a Pl-controller. The controller is desigrased on the ">order ARMAX
transfer function of the converter. An analog Piicoller is built around some
op-amps to achieved= 3 and K= 900. A passive filter possessing a parallel bC i
series connection, and a shunt capacitor is prdvide the proposed DC power
supply to eliminate the current harmonics. Frontirigsthe proposed DC power
supply with a 1,282 + 5% load (the equivalent resistance of the scgg&hof the
RS2058CJ tetrode tube under steady-state operaiiorg found that the output

voltage of 800/, is produced within 7 ms settling time with an overst of 1.47%,



steady-state errors of 0.25%, and that the proposed filter effectively reduces %THD;

from 128% to 26% with 0.97 p.f. (lagging).
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A A 1 [ [ 4 [l 3 A a dg’
FT) Ao manuruuiugagavesdngulmaniinauulunny (Tesla)
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K, fo mdilszneumsiuvaain
A ay A ) 49’ 2
W, fo WuNFesiuuaaInvedueuliu (cm)
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o =1 L a 1 I ~ o
MIAUIUNUAUMNT (4.6) T1l5e Towi lunsisztiu upuvssdauniloni

~ Q' [ o A 1 q'/ 4 4 a Q‘ Y] d’ 1
HTomaduarluvaziinunis b Taena llupunes lsdazinanisduduilonnunuiuiy

youldndiimanlunnuiiaszuna 0.25 - 0.5 Tesla (Erickson, 1997) Aw1s1iwesaulng)
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¢ 1 a J o 4 ! { ) Y 1
uay 1 Fuiummwiniwesvesunues 1sd EE55/5521 1 ldszy 1A Tumsien 4.3 dmsue
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—6 2 2
B - {108X1.724x10 x0.0021°%3.18°x11.4
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aun1g (4.7) (Erickson, 1997)

A

n=—xI10 (47)
2B, A x3.54

o n B NUIUTBVUARIAVRIF AN TN (501)
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A 1 [ @ 4 [l 2 Aa dgl
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1 <3 —
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A dy A Y o 2
A9 NUNHUINAVDILNU (cm)
n ﬁ@ NUIUTOVYDIVAAIN (s91)
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9 AMANNHNENIVEIA MBI L (H)
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71U 426 MIMHUARINUWBLTZIZVDIFOIDIMAFING Y]

2 mm Air gap 2mm Airgap 2 mm Air gap

= [ [] [ ~ o A 9 g a
E‘]J‘V] 4.27 aNHUTTOIDINIAVDIUNUAINUYIUT L NATNUYUIT



78

ASLYLFDIDNA /= 6 mm Af ' ld Mu1e8 L ELF0IDIMATIVYDALNY HINTDITAN
[ =% dd’ 9 o td' 0o A w I v W @
Murannguy Tunsanlasaainveaunuduvieniidnyazsunuua1onys E2 a9
Usgnuiunazivaalndiiiu Anu1na19909unY N8 IHUAG N UILAL TS UDI
(] o Y o dy ~ o o 1 1 A PYP
¥09010 170191 LAA9T! LUININ 1 MHUAS N UIFDI01NATL O [,/4 1139 1.5 mm 139
Y P o A LY o ~
VIAUINITOIVDINAULAZTLHL [/2 1170 3 mm Tnvinarsvesunu degii 4.26 (n)
AIUUUINN 2 AIHUABDIDINATE I I, = 6 mm TAnvnarsveanumesd i e
@ { ] I~ a va 4 4 I 4
aagN 4.26 () od19lsnary Tunisd §iaunes 1sauuy EE aaoasuiaqdu o
'o I o ] { [ 1
asududelFlumsaauasnuliisooimaaiuuuinian ldnan 1Adedu liawnson
dy 9 @ 3 d'dyd Y @ ~ o A o 1
Fo laneluilszma auiu ludtitesnuuuliunuvesdamiionii L lgese1na 3 Aumiia
Y '

Ao asevINadtazdIaeuany Taemsmas i ¥es01niAudas @ Ul TZoZININY
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aun1g (4.9) (Erickson, 1997)
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Tuaou 93610115 (Erickson, 1997)
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Fausnndia (K, 140nauns 4.10)
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Parameters Design/Simulation Prototype
DC-Link Voltage (V) 311V, 311V,
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Resonant Tank L, 233 uH 233 uH
G, 21.50 nF 22.50 nF
HF. Transformer Turn Ratio (N) 0.57:1 0.57:1
Output Filter (LP) L, 1.8 mH 1.8 mH
C, 1.6 uF 1.6 uF
Load (R)) 1,280 Q 1,280 Q +5 %
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Gm =Inf, Pm = 104 deg (at 3.17e+003 rad/s)
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200

100

300,

Out of regulation area

Rectifier input DC link voltage Output voltage % Regulation
(V._) (V,) (V) (compared to 800V, )
261 345 802 0.25
238 320 802 0.25
231 311 802 0.25
221 300 800 0
209 280 800 0
196 260 800 0
183 240 799 0.125
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163 210 744 7
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= | |
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AC

DC

3 Phase Parallel Resonant

Converter

Rl

v k4
M3 5.5 FoyaN19eIsUeTINADUAAAIINIINTBA

517 5.37 UNUNINAITADITNO TALTIAULALNIEUT IS UDTIN

Amp

IPCC_pcak= 16 A
]P(‘Cirms = 4.84 Arms

Converter Voce PCC Loce PCC PCC DC link voltage
Status (rms) %THD, (rms) %THD, PF
OFF 228V 2.2% 024 A 36.7% 0.79 311 Vdc
ON 226V 23% 4.84 A 128% 0.61 301 Vde
20 - - - - - - -
157 7

15 20
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25

35 40
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%THD; = 128 %

Amplitude (Amms )
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Harmonic order
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Cout L ; Ru
o~
bC S0mF 0.0484 K
Full bridge diode rectifier

{ o a A
gﬂﬁ 5.40 ’Nfoiﬂimaﬁmummmﬂ«muwﬁauw@mgﬂm (series input resonant)
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10mH
Cr J
78uF AC
115 Vims Cont =< Ru.
@ 60 Hz ‘T 0.0484 K
DC 60mF

Full bridge diode rectifier

~ 4 a ~ a 1 9 A . .
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Full bridge diode rectifier
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with filter %THDi=26%
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Low frequency ripple
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o (Y] d' o a d d
Tsunsuueaasnuadsy dsPIC30F2020 AR IUANMININUBUIIDINDI
Wannlag nednn MEsny My danssuliih dninddanssumans

unMInenaunaluladgsus

.nclude "p30£2020.inc"

=

(e 3139 dsPIC30F2020 :

.global _reset

Mruaausudu :

9

config_ FOSC, CSW_FSCM _ON & FRC_HI RANGE ilaszuudyarauinniniely

config_ FOSCSEL,FRC PLL laszuuladong
config_ FGS, CODE_PROT OFF Aaszvvilesnumsud luTdsunsy
config_ FPOR, PWRT 128 Mmuamnnes-ol Tnwes = 128 ms

Tsunsuvian :

text

_ reset: CLR W14 indosisanes Wi4 uaz Wis iitemion’3
CLR W15 ;Lﬁu%ga%mn
MOV #0X800,W15 ;ﬁmuﬂmﬁﬁyﬁc’mﬁﬂ
LNK #0XA0
NOP

MAUUANDS AU dsPIC30£2020 :

b

CLR LATA 1AAYSSVANDT LATA
CLR LATB 1AAYTS VNS LATB
CLR LATD AR ANDI LATD

CLR LATE ARSI VNDS LATE



CLR LATF
MOV #0XFFFF, W0

MOV W0, ADPCFG

MOV W0, TRISB
BCLR TRISB, #7
MOV W0, TRISE
MOV W0, TRISA
MOV #0X0040, WO
MOV W0, TRISF

MOV #0XFFFF, W0

MOV W0, TRISD
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A daa J
AAABTIVNADT LATF
1 a 4

:Inaaf1 FFFF,, aalu39ea03 Wo

° 1Y Aa J Y 1 <3|
MruamUayalu3adnos ADPCFG 111A1 = FFFF, 11y

o J a o an

:mymvualdnesadunyaueuzasninnululnuadinea

o v 9 A J YA 1
;Mruamvayaluvames TRISB 111 = FFFF,,

o Yy 0 9 A g ¢ ¢
Mrualiwesa RB7 mnthidlunosaeianm
Tnaaf FFFF,, aeluSames TRISE
:Tviaan1 FFFF,, asluSamos TRISA
Tnanaf 40, aslu3imaes wo

o v s o Y A s a
Mvualiweia RBe nthiilunosnduna uag RF7-8

I 4 4
Alunesawianm
Inanad1 FFFF asluSimaes wo
Tnaad1 FFFF asluSimaes TRISD ofmualinesa

o Y A g J a
;RD V]1WH17]L1JUW@5@]@HV!@]

MOV #0X0400, WO

MOV W0, PTCON

MOV #0X2328, W0

MOV W0, PTPER

MOV #2, W2
REPEAT #17
DIV.UW W0, W2

MOV W0, MDC

fvuanusudulinuTuga PWM

1 a 4
:Inaan 400, a9 1U3eN0T WO

J a 4 4 @ 1
Inaan 400, 89lu3Ta1A05 PTCON DHgANTONAAAT
AMUa1vedluga PWM

1 a J
Inannn 2328, adlusvaneT WO

1 a J § o
JIvaan 2328, aeluiicdaes PTPER ofvuali luga

¥ 44 9 YA o

PWM a3nanudEuduldNa Ny 70 kHz
Tnan 2 aaluSaaes w2
o o 1 a 1< Y
Mdamsa IS vames wo e 2 udaduwadns 13
aa 4
F9aA9T WO
Tuaanadnsanmsnsaslusdames MDC e muan
a dy a [ v d' P =W
A8 lmfavesdygrudunaioonain Tuga PWM Tridian

490U 50%



BSET, PWMCONI,#8

BSET, PWMCON2,#8

BSET, PWMCON3,#8

MOV #00, WO
MOV W0, PHASE3
MOV PTPER, W1
MOV #6, W2
REPEAT #17
DIV.UW W1, W2

MOV W0, PHASE2

MOV PTPER, W1
MOV #3, W2
REPEAT #17
DIV.UW W1, W2

MOV W0, PHASE1

MOV #0XC000, WO
MOV W0, IOCON1
MOV W0, IOCON2
MOV W0, IOCON3

BSET PTCON, #15
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E4
=

a aa 4 < o ya
JHAUN 8 UDITAIAINDT PWMCONI1 Lﬂumiﬂmuﬂﬁlﬁmw

]
1A

Jdaifavesdam PWMI diauminuaindivua13lu

a

S3a19195 MDC

E4
=

a aa 4 < o ya
SHAUN 8 UDITINLNDT PWMCON2 Lﬂumiﬂmuﬂﬁlﬁmw

Jdaifavesdam PWM2  Siauminuainsivua3lu

a

S3a19195 MDC

v
ya

a a I o

1Al 8 ¥9a33anes PWMCON3 Wumssivualiaaa
Jdafavesdyaia PwM3  Taumiduaindimualilu
aa 4
S3aa95 MDC
Tnaa 0 aaluS s wo

o o I
e avesdaana PWM3H (i 0°
TnanmAUNa1nns a3 PTPER adlusdeanes wi
Tnan 6 aaluSvaaes w2

v
o o

U aa 4 Y U aa 4 d!
Adamsalusdames wi area1lussames W2 (2) 4
o J < Y A 4

Haansgniny 13 1usTanes wo

o v aAa o I
ANAaNT1nM5H13 Ianaslusvames ,PHASE2 1uns
Amualavesdana PWM2H T¥imihga 1o 60°

1 a 4 a o
IMaanIA1UNA1INI Va0 PTPER adluadmes Wi
a 4

Tvaa 3 aglusames w2

o o 1 an 4 9 1 ==Y 4 £
Adamsa lusvames wi drea1luisames W2 (3) %9

[ 4 <3 Y A 4

waansgnu 13 lusTames wo

o v aAa o I
ANAaNT1nM5113 Ianaslusvames ,PHASEL 1uns
Amualgvesdana PWMIH Timhgad1eos 120°

1 A 4 c?/‘ = [
:InaanA1 C000,, aalusvamos Wo 91niuaInann1 C000,,
A A 4 A a 4 aS A o
A1NTIALADT WO adluSIdiaos aqlusaaiaes
I o

JJOCON1, IOCON2 tiag IOCON3 1Wus mualivi PWMIH-
PWM3H 1ag PWMIL-PWM3L gnauguate Tuga PWM
;luanyae active high taziinmsaaoila override

1saiia 15 Yo3 103 PTCON odal Iuga PWM e

>



b

ADC_LOOQP:

ADC_READ:

BCLR LATF,#8
BCLR LATB.#7

BSET LATF #7

REPEAT #1
NOP

BSET LATF #8
BCLR LATF #7
REPEAT #147
NOP

BSET LATF, #7
REPEAT #5

NOP

MOV PORTB, W0
MOV PORTA, W1
MOV PORTE, W2
MOV PORTF, W3
MOV PORTD, W7
AND #0X0001,W7
RRNC W7, W7
BCLR PORTF, #7
MOV #0X0200,W4
AND W4, W1, W1
RRNC W1, W5
MOV #0X00C0,W4
AND W4, W2, W2

Tilsunsuniuan ADC MAX174

142

150 1% ADC MAX174 1191111 T1ua conversion
15017 ADC MAX174 uilasdynna Tvua 12 Ua
917 ADC MAX174 Suntlasdayna

9

' v
ANIUMNATTS No Operation 1 1 A9

190 1% ADC MAX174 1197 11 THuA reading

;CE=0

;ﬁmumuﬁwé}’q No Operation «§1 1 ﬂ%ﬂ 1938 ADC
MAX174  wilasdyaraueuzasniudyayiw

aa a |
A900a 12 Ua 1Wunadseum 10 ps

45uB1uT0YaAIADA 12 910 ADC MAX174

v
an =

;VyYanInen 12 7191191n ADC MAX174 Qﬂﬁnﬂ

k)

A3

< Yq A J A o
101315 3ama0s Wo, W1, W2, W3, ay W7 1iieda

9
%

3 9 k% ~a J =
gunuvuazinudeyanga 1 1u53maes W3 iiieq

aa Jd 2
;ICINDILAYND



MOV #0X0040,W4
AND W4, W3, W3
RRNC W3, W6
IOR W5, W2, W2
IOR W2, W6, W6
RRNC W6, W2
SWAP W0

MOV #0X7F00,W1
AND W0, W1, W0
IOR W0, W7, W3
IOR W2, W3, W3
RRNC W3, W0
RRNC W0, W3
RRNC W3, W0

RRNC W0, W3
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Foyammunardmsuonaaluga PWM  Fe1u

1110 ADC MAX 174 gy 131153 mnes w3

MOV #0XO0FAO0, WO

ADD W0, W3, W3
MOV #2, W2
REPEAT #17
DIV.UW W3, W2
MOV W0, W4
MOV W3, W1
MOV #6, W2
REPEAT #17

DIV.UW W1, W2

o 1 a s
IﬂillﬂiﬂJGWLﬂﬂﬂWW151%&@]@5‘“@\11“@'&1 PWM ;

. . .
Jdvaa 1329, Fuilusmaunaieedmsanlianud

77 kHz a3lu53eane3s wWo70

2
MuIuMAIa lmna 50 %

< 1A dy a Y aAa 4
anuaaln lana 1A luSanes w4

Auunund@vos PWM2H



.end

MOV W0, W5
MOV W3, W1
MOV #3, W2
REPEAT #17
DIV.UW W1, W2
MOV W0, W6
MOV W3, PTPER
MOV W4, MDC
MOV W5, PHASE2
MOV W6, PHASELI
CLRWDT

GOTO ADC_LOOP

I~ 9Yq Aa s
spuauraves PWwM2H 13115303 ws

AuuA U gvos PWM3H

sAvauaves PwMIH B35 3ames we
Jraammunalinu Tuga PWM
;Twaﬂﬁﬁa&?"lmﬁaiﬁ'ﬁﬂu@a PWM
Tviaan1 PHASE2 1¥iuTuga PWM
TviaaA1 PHASE] 1¥iuTuga PWM
;Lﬂ§ﬂ§ watchdog timer

nau lisuduinuingl Abc_Loop Tn
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(Y a v d a a o v A a d
W{‘N‘Hﬂﬂﬂ HIEIIN Jﬂ%ﬁﬂ‘lﬁl ﬁﬁlTJ‘lﬂ’Jﬁ’JﬂﬁiN"lV‘W‘h AIHNIVIIAINTIINANAANT

unMInenaunaluladgsus

clear all;clc

%%%%6%%%%%0%%%%%%%%%%%% %% %% %% %% %% %% %% %% %% %% %% %% %%

] J A
%%%%% WanagouIsasuasiumyy step transient gmﬁu"l%‘lu"lwa% EXP_data.xls %%%

%%%%0%0%%%6%0%%%%0%%%%%0%%%%0%%%6%0%%%%%%%%%%%%:%0%%%:%%%%%

YoY% %YoV %% %% Y% %% % IAIAIINVOYADUNA-LO IR %%6%6%% %% %% %% Y6% %%

EXP_data = xlIsread(EXP_data');

ts = EXP_data(2,1)-EXP_data(1,1);

Vinl EXP_data(:,2);  %Vinl

Vol

3*EXP_data(:,3); %Vol

Vin2 = EXP data(:,4); %Vin2

Vo2

3*EXP_data(:,5); %Vo2

Vin3 = EXP data(:,6); %Vin3

Vo3 3*EXP_data(:,7); %Vo3

Vind = EXP data(:,8); %Vind

Vo4

3*EXP_data(:,9); %Vo4d

Vin5 = EXP_data(:,10); %Vin5

Vo5

3*EXP_data(:,11); %Vo5

Vin6 = EXP_data(;,12); %Vin6

Vo6 3*EXP_data(:,13); % Vo6

' 4 3 @ 4
%011 10a EXP_data.xls tnu131ud2u4/5%0 EXP_data
o 1 v o I '
%A Fndygiw (Joyaaigniiueglu
v oA o
%ADANUN 1 YedMs EXP_data)

v
a =

= doyadunayai 1 luaeduiif 2 ves EXP_data

G

v o ~

= doya1anayai 1 luaeduiif 3 Yo EXP_data

Rl

Y a A o A
= éuf)y,aau ﬁifﬂ‘lfl 2 °luﬂaauu‘w 4 Y93 EXP_data

A o oA
agan 2 Tunoduiin 5 veq EXP data

A o A
aygan 3 Tunoduiin 6 ¥eq EXP data

A o A
AYAN 3 Tunoduiin 7 veq EXP data

A o A
aYgan 4 Tunoduiin 8 ¥eq EXP data

A o A
aygan 4 Tunoduiin 9 veq EXP data

ayai 5 Tuneauiii 10 voe EXP_data

ayai 5 lunoduiin 11 ¥09 EXP_data

ayai 6 luneauiii 12 voe EXP_data

aya 6 lunoduiin 13 Y01 EXP_data
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Vin7 = EXP_data(:,14); %Vin7 = Yoyadunayai 7 lunedinifi 14 ¥e9 EXP_data
Vo7 = 3*EXP data(;,15);%Vo7 = Yoyadnayai 7 lunedinifi 15 ¥ee EXP_data
Vin = (Vinl+Vin2+Vin3+Vind+Vin5+Vin6+Vin7)/7; % AUINAURASV0IT Y1 mUdUNA

] Y
%HIEIYA : 1119 INToyananoUANEIIANINIITULINUT IAUTATIAI 3:1 fatiu
%HAADLAUDINT N FOYaINMITNATOUYUAY 3

%%%%%0%0%%%%%6%%%%:%%% %% %%% % %% %% %% %%%%%%% %% %% %% %% %%

a d o v [

[ d
%%%%%%%%%%% %mm’%w%’egaauwm-mmwm AMHIUMIITYBNANHMUY%%%%% %

Q Q

4

ID_datal = iddata(Vol,Vinl,ts); %doyadmsusziponanyaiye

E)

1

=D

a

=)
\S)

ID_data2 = iddata(Vo2,Vin2,ts); %doyadmsusziponanyaiye

E)

a

9 [ [

ID data3 = iddata(Vo3,Vin3,ts); %Gﬁﬁmammmzumﬂaﬂymw

U q

3

=D

'
[} o @ L4

ID data4 = iddata(Vo4,Vin4,ts); %VoNATINTY ITYNaNYUYA

U q

=)
N

'
[} o @ L4

ID data5 = iddata(Vo5,Vin5,ts); %Gﬁﬁmammmzumﬂaﬂymw

U q

=)
)]

9 o [

ID_data6 = iddata(Vo6,Viné,ts); %%uammmmmﬂa Bﬂfqﬂ

U

=)
(=)

9 o [

ID_data7 = iddata(Vo7,Vin7,ts); %%Hammmmmﬂaﬂmf qﬂ‘ﬁ 7

v muIndeyadmsuszyendnyaie 7 ya hdref naziiu13luus D daa %%%
ID data = merge(ID_datal,ID_data2,ID data3,ID data4,ID data5,ID_data6,ID data7);

Na=2: %MuuaImINees Na IMnuunudiaes ARMAX

Nb =2; %A muaaImsimes Nb Iiiuuui1aos ARMAX

Ne =2: %Muuammnimes Ne IMiuunud1aes ARMAX

Nk = 0; %A muaamsimes Nk IWiuunuiiaes ARMAX

armaxmodel = armax(ID_data,[Na Nb Nc¢ Nk]); %ﬁﬁgf'j s anuUiiany ARMAX
present(armaxmodel); %f"ﬁg dlduaaauusiaes ARMAX U work space
%%%%%ﬁ1é’rv“a“lﬁ’grcmamﬁgﬂ%ﬂu!ﬁﬂm’fmgamnmsmaauﬁugmu«i‘imm ARMAX%%%%%
figure(1)

grid

compare(ID_data,armaxmodel) %ifSouiiioudoyan laninmsnagouiunuuiiaes ARMAX

ylabel('Amplitude(volt)')
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xlim([0 0.12])

ylim([0 900])

xlabel('Time(S)")
%%%%%%%0%%%%%%0%%%%%%0%%%%%%6%%%%%%6%% %% %%%% %% %% %% %%

R % % e anuurae iUl anFieeTou %906%0s06%0%%%%

[A,B,C,D,K,X0] = th2ss(armaxmodel); %Lﬂﬁaugﬂmaumuﬁmmmﬂ THETA ndJu state-space

[Ac,Be,Ce,De] = d2em(A,B,C,D, s, tustin): %tlasszuunar lderiouiussuunaderiios

[NUMs,DENs] = ss2tf{ Ac,Be.Ce.De); %1asugiluntunuiiasanin state-space 1iu fleddu
%018 Tou

converter TF = tiINUMs,DENs) v%areilanduarsTeuvearsasutasdu uazinu 13l
%@nls converter TF

%%%%0%0%0%%%6%%%%%%%0%%%6%0%0%%%0%%0%%%6%0%%%%6%%%%%6%%%% %% %%

%6%%%%%%%%%%%%% MIUsZHUNNNGNAD IV MUVTIN09%%%%%% %% %% %%6%
9 o Y a 9 o < 9 4 .
%% FoyadmsulsziiuanugnAesvesuuitace 3 ga grinu 13 1u1va valid_data.xls %%
o JIa < v o da 3 v o v q¥ A Y A
%%ADANUN 1 NUTBYANAT ABANIN 2 3.4 thudeyadmsuldlsziiuanugnaegai 1
%%AN 2 uazaei 3 MWD FeTadiereasuiiassiudasaIu 3:1
. . ' 4 ) 3 o 4 .
Valid data = xIsread('Valid_data'); %o 1vld Valid_data.xls nu 1A ludulsye Valid_data
Valid_dat] = 3*Valid_data(:,2); %Valid_datl = Yoyadmivilszitiunnugndesai 1

Valid_dat2 = 3*Valid_data(:,3); %Valid_dat2 = Yoyadmsuilsziiunnugndesyai

)

D.

Valid_dat3 = 3*Valid_data(:,4); %Valid_dat3 = Yoyadmsuilsziiunnugndesyai 3
t=Valid_data (:,1); %t= Yoyaal

[model,t]=Isim(converter TF,Vin,t); %ﬁﬁwmamuaummmmmﬁmmi’&ldﬁ%dwi@u

% 152UANNYNADIUBIUDT 1809 TAINITAIUIUNIAT mean  square  error  5EHI
% WaneUAUBINNIUUImeInUYoyad S ulsziiuanugnAvaaaz e

rqrt_errl = sqrt(sum((Valid_dat1(:)-model(:)).”2)/numel(model))

rqrt_err2 = sqrt(sum((Valid_dat2(:)-model(:)).”2)/numel(model))

rqrt_err3 = sqrt(sum((Valid_dat3(:)-model(:)).”2)/numel(model))

t=1*1000; %tasriredoyanarliegluniiie ms
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figure(2) “%nanouauesnNUULaeuisufudeyalsziiuanugndead 1
plot(t,model,t,Valid datl)

ylabel("Output(V)")

xlabel('Time(mS)")

legend('Model','Validation 1")

figure3) %maneuaLaINILLaeufsuiudeyalsziiunnugndesaii 2
plot(t,model,t,Valid_dat2)

ylabel('Output(V)")

xlabel('Time(mS)")

legend("Model','Validation 2')

figure(4) %maneuauaINULUaeufisututeyalsziiunnugndesadi 3
plot(t,model,t,Valid_dat3)

ylabel('Output(V)")

xlabel('Time(mS)")

legend('Model','Validation 3")
%%%%%%%%6%6%%%%%%%6%%%%%6%%:%6%%%%%%%6%6%%%%6%%%6%%%%%% %%
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Infernational
TGR Rectifier

Data Sheet Mo. PDG0107 revX

IR2133/IR2135(J&S)&(PbF)
IR2233/IR2235(J&S) &(PbF)

Features

¢ Floating channel designed for bootstrap cperation
Fully operational to +600V or+1200V
Tolerant to negative transient voltage
dvidt immune
* Gate drive supply range from 10V/12V to 20V DC and
up to 25V for transient
s Undervoltage lockout for all channels
& Over-current shut down turns off all six drivers
» Independent 3 half-bndge drivers
s Matched propagation delay for all channels
* 2 5V logic compatible
s Oufputs out of phase with inputs
s All parts are also available LEAD-FREE

Description

The IR2133IR2135/IR2233IR2355 (J&S) are high voltage, high speed
power MOSFET and IGBT driver with three independent high side and
low side referenced output channels for 3-phase applications. Propri-
etary HVIC technclogy enables ruggedized monalithic construction.
Logic inputs are compatible with CMOS or LSTTL outputs, down to
2.5V logic. An independent cperational amplifier provides an analog
feedback of bridge current via an external current sense resistor. A
current trip function which terminates all six outputs can also be de-

3-PHASE BRIDGE DRIVER

Product Summary

VoFFSET 600V or 1200V max.
Ig+/- 200 mA / 420 mA
Vour 10-20V or 12 - 20V
tonioff (typ.) 750/700 ns
Deadtime (typ.) 250 ns
Packages

28-Lead SOIC

44-Lead PLCC wio 12leads

nved from this resistor. A shutdown function is available to terminate all six outputs. An open drain FAULT signal is provided to
indicate that an over-current or undervoltage shutdown has occurred. Fault conditions are cleared with the FLT-CLH lead. The
output drivers feature a high pulse current buffer stage designed for minimum driver cross-conduction. Propagation delays are
matched to simglify use in high frequency applications. The floating channels can be used to drive M-channel power MOSFETs or
IGBTs in the high side configuration which operates up to 600 volts or 1200 volts.

Typical Connection

l =I up o 1200W
]—-[ —
Vee © Voo
AMNTZS © ANTEE Verza |- |
R — { il
ONTZ3 OnT23 =S '.\ .y
EAULT o FAOLT  HO123 e - o
ITRIP
FLToLR —| FITCIA Wgyp3 o
T2 LoaD
sp o so s
cAD o cao /;;
CA- \ l‘-u._\}' 1
Vas Lol.2a Wiy e
w\f\f\nF\JW Cht oM
GND —ANA

Please refer 1o our Application Notes and DesignTips for roper croull boand layout.

ef 10 S S FIFTE OF CONE! in ConfiguRBLon s These diagram{s) show decincal oonm WE Ol
Refer 1o Lead Assgnmeants { 1 pin configumation). ThisiThess diag ) show decyical et ly
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)

Absolute Maximum Ratings
Absclute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All volt-
age parameters are absolute voltages referenced to COM. The Thermmal Resistance and Power Dissipation
ratings are measured under board mounted and still air condiions.

International
ISR Rectifier

Symbol | Definition Min. Max. Units
Vaizz  |High side floating supply voltage  (IR2133/IR2135) 0.3 625
(IR2233/R2235) -0.3 1225
Vs123  |High side floating supply offset voltage Va1,23-25 Vaiza + 0.3
Vuoiza  |High side floating output voltage Vs1,23-0.3 Vatza +0.3
Vec Fixed supply voltage -0.3 25
Vss Logic ground Vee - 25 Vee +0.3
Viorza |Lowside output voltage -0.3 Vee +0.3 v
Vin Logic input voltage (HIN, LIN, ITRIF, SD & FLT-CLR) Vss-0.3 (Wss + 15) or
(Ve + 0.3)
whichever is
lower
Viname | Op amp input voltage (CA+ & CA-) Vss-03 Vee +0.3
Vourame | Op amp output voltage (CAD) Vss-03 Vee +0.3
Veur FAULT output voltage Vss-03 Vee +0.3
dVsidt | Allowable offset supply voltage transient — 50 Vins
Po Package power dissipation @ Ta =25°C (28 Lead PDIP) — 1.5
(28 Lead S0IC) — 1.6 W
(44 lead PLCC) — 2.0
Rthya Thermal resislance, junction to ambient (28 Lead PDIP) —_ 83
(28 Lead S0IC) — 78 “CiW
(44 lead PLCC) — 63
Ty Junction temperature — 125
Ts Starage temperature -55 150 °C
T Lead temperature (soldering, 10 seconds — 300

Recommended Operating Conditions
The input’output logic timing diagram is shown in figure 1. For proper operation the device should be used within the

recommended conditions. All voltage parameters are absolute voltages referenced to COM. The VS offset rating is
tested with all supplies biased at 15V differential.

Symbol | Parameter Definition Min. Max. Units

Vai23 High side floating supply voltage Vsiz2a + 10112] V122 + 20

Vs12a High side floating supply offset voltage (IR2133/1R2135) Note 1 600
(IR2233/IR2235) Note 1 1200

VHo12,3 High side floating output voltage Vs123 Vaizz

Vee Fixed supply voltage 100r12 20

Vss Low side driver return -5 5 Vv

Viorza | Low side output voltage 0 Vee

Vin Logic input voltage (HIN, LIN, ITRIP, SD & FLT-CLR) Vas Vg +5

Viname Op amp input voltage (CA+ & CA-) Vss Vss+5

Vourame | Op amp output voltage (CAQ) Vss Vss+5

Veir FAULT output voltage Vss Vee

MNote 1: Logic oparalional far Vs of COM - 5V 1o COM + 600VA 200V, Logic slala hald for V5 of COM -5V o COM -Vgs. (Plaasa rafer b tha Design Tip
DTa97-3 formaora datails).
MNote 2: Al inpul ping, op amp input and oulpul pins ara inlamally clampadwith a5.2V zanar dioda.

2
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International

IGR Rectifier

Dynamic Electrical Characteristics
VBIas Moo, VBS1,2,3) = 15V, V1 2.3 =Vss, Ta = 25°C and C = 1000 pF unless otherwise specified.

IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)

Symbol | Definition Min. | Typ. [ Max. | Units| Test Conditions
tan Turm-on pmpaqati_on delay 500 750 | 1000 Vin=0& 5V
taff Turn-off plrﬂpalgamn delay 450 700 | 950 V123 = 0 1o BOOV
tr Turn-on rise time — a0 150 or 1200V
tg Turn-off fall time — 40 70
tsd SD to output shutdown propagation delay 500 750 | 1000 VinVsh =0 &5V
titrip ITRIP to output shutdown propagation delay 600 850 [ 1100 | s | ViNVMiTRIP=0 &SV
t) ITRIP blanking time — 400 — ITRIP = 1V
bt ITRIP to FAULT propagation delay 400 G50 | 900 Vi ViTrip = 0 & 5V
til in Input filter time (HIN, LIN and SD) — 310 — Vin=08&5V
titelr | FLT-CLR to FAULT dlear time 600 | 850 |1100 VinViTrip = 0 & 5V
DT Deadtime, LS turmn-off to HS turn-on & 100 250 | 400 Vin =0 8& 5V

HES turn-off to LS turn-on
SR+ Amplifier slew rate (positive) 5 10 —_ Vips
SR- Amplifier slew rate (negative) 2 25 —

NOTE: For high sida PWM, HIN pulsa width must ba = 1p sac

Static Electrical Characteristics
VeIas (Voc, VBS1,2,3) =15V unless otherwise spedfied and Ta, = 252C. All static parameters other than 10 and VO
are referenced to Vss and are applicable to all six channels (Hs1,.2,3 & Ls1,2,3). The VO and IO parameters are
referenced to COM and Vs 2,3 and are applicable to the respective output leads: Hoq 2,3 or Loq,2 3.

Symbol | Definition Min. | Typ. | Max. |Units Test Conditions

ViH Logic “0” Input Vollage (OUT = LQ) 2.2 — —

ViL Logic “1” Input Voltage (OUT = HI) — — 0.8

VECLRIM Logic “0” Fault Clear Input Voltage 22 — — v

VECLRIL Logic “1” Fault Clear Input Voltage — — 0.8

Vep TH* SD Input Positive Going Threshold 1.6 1.9 2.2

VenTH SD Input Negative Going Threshold 14 1.7 20

ViTTHt Irrip Input Pasitive Going Threshold 470 570 670

VT Irrip Input Negative Going Threshold 360 460 560

Vo High Level Output Voltage, VRIAS - VO — | — [ w0 | MV [vy=0v,1g=0A

Voo Low Level Output Voltage, Vo —_ —_ 100 Vin = 5V, Ig = 0A

Ik Offset Supply Leakage Current (IR2133/IR2135)| — — 50 Ve12,35=Vs123= 600V
(IR2233/IR2235) | — — 50 A Ve123=Ve1,23= 1200V

lags Quiescent Vgg Supply Current — 50 100 Vin = OV or 5Y

lacc Quiescent Vi Supply Current — 4 8 mA | Vin = 0V or 5V

I+ Logic “17 Input Bias Current (OUT = HI) — 200 350 Vin = 0V

lin- Logic “0” Input Bias Current (QUT = LO) — 100 | 250 MA | ViN =BV

lso+ “High” Shutdown Bias Current — 30 100 3D = 5V

lsp- “Low” Shutdown Bias Current —_ —_ 100 nA SD=0v

liTRIP+ “High” lirrip Bias Current — 30 100 | pA ImrIP = BV

|ITRIF" “Low™ |ITRIF Bias Current — — 100 nA |ITRIF' =0V

www.irf.com
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S182108ANITPDNUVVIIDIVUINA (International Rectifier, 2007)

Ifernational

TSR Rectifier
1. GATE DRIVE REQUIREMENTS OF HIGH-SIDE DEVICES

The gate drive requirements for a power MOSFET or IGBT utilized as a high-side switch (the
drain is connected to the high voltage rail, as shown in Figure 1) driven in full enhancement (i.e.,
lowest voltage drop across its terminals) can be summarized as follows:

1. Gate voltage must be 10 V to 15 V higher than the source voltage. Being a high-side
switch, such gate voltage would have to be higher than the rail voltage, which is
frequently the highest voltage available in the system.

2. The gate voltage must be controllable from the logic, which is normally referenced to
ground. Thus, the control signals have to be level-shifted to the source of the high-
side power device, which, in most applications, swings between the two rails.

3. The power absorbed by the gate drive circuitry should not significantly affect the
overall efficiency.

v HIGH WVOLTAGE RAIL

GATE

SOURCE

v

Figure 1: Power MOSFET in the High-Side Configuration

With these constraints in mind, several techniques are presently used to perform this function, as
shown in principle in Table | (see pg. 29). Each basic circuit can be implemented in a3 wide
variety of configurations.

International Rectifier's family of MOS-gate drivers (MGDs) integrate most of the functions
required to drive one high-side and one low-side power MOSFET or IGBT in a compact, high
performance package. With the addition of few components, they provide very fast switching
speeds, as shown in Table I (see pg. 30) for the IRS2110, and low power dissipation. They can
operate on the bootstrap principle or with a floating power supply. Used in the bootstrap mode,
they can operate in most applications from frequencies in the tens of Hz up to hundreds of kHz.

www.irf.com AN-978 RevD 3
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Infernational

TR Rectifier
2. TYPICAL BLOCK DIAGRAM

The block diagram of the IRS2110 will be used to illustrate the typical structure of most MGDs;
this is shown in Figure 2. It comprises a drive circuit for a ground referenced power transistor,
another for a high-side one, level translators and input logic circuitry

Y

[— :
oaes ;
. :
TS ;

.
BEVEE
Aol
NG P
oacEARiAT

Figure 2: Block Diagram of the IR§2110

| LD MOS (LEVEL |

| HIGH-SIDE
cMos — Mt— SHIFTERS) —>

i
LrJ Rl
pe
n- _i.

-

Figure 3: Silicon Cross-Section Showing the Parasitic Capacitances

AN-978 RevD 3
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Infemational

IGR Rectifier
2.1 Input Logic

Both channels are controlled by TTL/CMOS compatible inputs. The transition thresholds are
different from device to device. Some MGDs, (e.g., IRS211x) have the transition threshold
propartional to the logic supply Voo (3 to 20 V) and Schmitt trigger buffers with hysteresis equal
to 10% of Vpp to accept inputs with long rise time. Other MGDs (e.g., IRS210x, IRS212x, and
IRS213x devices) have a fixed transition from logic 0 to logic 1 between 1.5 V to 2 V. Some
MGDs can drive only one high-side power device (e.g., IRS2117, IRS2127, and IRS21351).
Others can drive one high-side and one low-side power device. Others can drive a full three-
phase bridge (e.g., the IRS213x and IRS263x families). It goes without saying that any high-side
driver can also drive a low-side device. Those MGDs with two gate drive channel can have dual,
hence independent, input commands or a single input command with complementary drive and
predetermined deadtime.

Those applications that require a minimum deadtime should use MGDs with integrated deadtime
(half-bridge driver) or a high- and low-side driver in combination with passive components to
provide the needed deadtime. as shown in Section 12. Typically, the propagation delay between
input command and gate drive output is approximately the same for both channels at turn-on as
well as turn-off (with temperature dependence as characterized in the datasheet). For MGDs with
a positive high shutdown function (e.g., IRS2110), the cutputs are shutdown internally, for the
remainder of the cycle, by a logic 1 signal at the shut down input.

The first input command after the removal of the shutdown signal clears the latch and activates
its channel. This latched shutdown lends itself to a simple implementation of a cycle-by-cycle
current control, as exemplified in Section 12. The signals from the input logic are coupled to the
individual channels through high noise immunity level translators. This allows the ground
reference of the logic supply (Vss) to swing by £5 ¥V with respect to the power ground (COM).
This feature is of great help in coping with the less than ideal ground layout of a typical power
conditioning circuit. As a further measure of noise immunity, a pulse-width discriminator screens
out pulses that are shorter than 50 ns or so.

2.2 Low-Side Channel

The driver's output stage is implemented either with two n-channel MOSFETs in the totem pole
configuration (source follower as a current source and common source for current sinking), or
with an n-channel and a p-channel CMOS inverter stage. Each MOSFET can sink or source
gate currents from 0.12 A to 4 A, depending on the MGD. The source of the lower driver is
independently brought out to the COM pin so that a direct connection can be made to the source
of the power device for the return of the gate drive current. The relevance of this will be seen in
Section 5. An undervoltage lockout prevents either channel from operating if Vg is below the
specified value (typically 8.6/6.2 V).

Any pulse that is present at the input pin for the low-side channel when the UV lockout is
released turns on the power transistor from the moment the UV lockout is released. This
behavior is different from that of the high-side channel, as we will see in the next subsection.

2.3 High-Side Channel
This channel has been built into an “isclation tub” (Figure 3) capable of floating from 500 V or
1200 V to -5 V with respect to power ground (COM). The tub “floats” at the potential of Vs,

Typically this pin is connected to the source of the high-side device, as shown in Figure 2 and
swings with it between the two rails.

www.irf.com AN-978 RevD 4
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TR Rectifier

If an isolated supply is connected between Vg and Vs, the high-side channel will switch the
output (HO) between the positive of this supply and its greund in accordance with the input
command.

One significant feature of MOS-gated transistors is their capacitive input characteristic (i.e., the
fact that they are turned on by supplying a charge to the gate rather than a continuous current). If
the high-side channel is driving one such device, the isolated supply can be replaced by a
bootstrap capacitor (Cggar), as shown in Figure 2.

The gate charge for the high-side MOSFET is provided by the bootstrap capacitor which is
charged by the 15 V supply through the bootstrap diode during the time when the device is off
(assuming that Vs swings to ground during that time, as it does in most applications). Since the
capacitor is charged from a low veoltage source the power consumed to drive the gate is small.
The input commands for the high-side channel have to be level-shifted from the level of COM to
whatever potential the tub is floating at which can be as high as 1200 V. As shown in Figure 2
the on/off commands are transmitted in the form of narrow pulses at the rising and falling edges
of the input command. They are latched by a setfreset flip-flop referenced to the floating
potential.

The use of pulses greatly reduces the power dissipation associated with the level translation.
The pulse discriminator filters the set/reset pulses from fast dv/dt transients appearing on the Vg
node so that switching rates as high as 50 V/ns in the power devices will not adversely affect the
operation of the MGD. This channel has its own undervoltage lockout (on some MGDs) which
blocks the gate drive if the voltage between Vg and Vs (i.e., the voltage across the upper totem
pole) is below its limits. The operation of the UV lockout differs from the one on Ve in one detail:
the first pulse after the UV lackout has released the channel changes the state of the output. The
high voltage level translator circuit is designed to function properly even when the Vg node
swings below the COM pin by a voltage indicated in the datasheet (typically 5 V). This occurs
due to the forward recovery of the lower power diede or to the Ldl/dt induced voltage transient.
Section 5 gives directions on how to limit this negative voltage transient.

2.4 Supply Clamp

Many of the MGDs feature integrated supply clamps of 20 V or 25 V to protect against supply
transients. Exceeding this clamp voltage for a substantial period of time will cause irreversible
damage to the control IC.

3. HOW TO SELECT THE BOOTSTRAP COMPONENTS

As shown in Figure 2, the bootstrap diede and capacitor are the only external components strictly
required for operation in a standard PWM application. Local decoupling capacitors on the Vg
(and digital) supply are useful in practice to compensate for the inductance of the supply lines.

The voltage seen by the bootstrap capacitor is the Vg supply only. lts capacitance is determined
by the following constraints:

1. Gate voltage required to enhance MGT

2. lggs - quiescent current for the high-side driver circuitry
3. Currents within the level shifter of the control IC

4. MGT gate-source forward leakage current

5. Bootstrap capacitor leakage current

www.irf.com AN-978 RevD 3
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IR Rectifier
Factor 5 is only relevant if the bootstrap capacitor is an electrolytic capacitor, and can be ignored
if other types of capacitor are used. Therefore it is always better to use a non-electrolytic
capacitor if possible. For more detailed information on bootstrap component selection see DT95-
2a “Bootstrap Component Selection for Control IC's.”

The minimum bootstrap capacitor value can be calculated from the following equation:

.!r":’max} I o leak)
2[2Qg+ P Qa2 ’}
f f

Ve =V = Vs — Vi

(9=

where:

(g = Gate charge of high-side FET

f = frequency of operation

Ices (lesi) = bootstrap capacitor leakage current

Igbs (may = Maximum Vas quiescent current

Vee = Logic section voltage source

V§ = Forward voltage drop across the bootstrap diode

V5= Voltage drop across the low-side FET or load

Vin = Minimum voltage between Vg and V.

Qs = level shift charge required per eycle (typically 5 nC for 500 V/600 WV MGDs and 20 nC for
1200V MGDs)

The bootstrap diode must be able to block the full voltage seen in the specific circuit; in the
circuits of Figures 25, 28 and 29 this occurs when the top device is on and is about equal to the
voltage across the power rail. The current rating of the diode is the product of gate charge times
switching frequency. For an IRF450 HEXFET power MOSFET operating at 100 kHz it is
approximately 12 mA.

The high temperature reverse leakage characteristic of this diode can be an important parameter
in those applications where the capacitor has to hold the charge for a prelonged period of time.
For the same reason it is important that this diode have an ultra-fast recovery to reduce the
amount of charge that is fed back from the bootstrap capacitor into the supply.

4, HOW TO CALCULATE THE POWER DISSIPATION IN AN MGD

The tetal losses in an MGD result from a number of facters that can be grouped under low
voltage (static and dynamic) and high veltage (static and dynamic) conditions.

a) Low wvoltage static losses (Ppguy) are due to the quiescent currents from the low voltage
supplies (e.g., Vo, Yoo and Ves). In a typical 15 V application these losses amount to
approximately 3.5 mW at 25 °C and increase to approximately 5mW at T;=125°C .

b) Low voltage dynamic losses (Poswww) on the Vec supply are due to two different
compaonents:

1. Whenever a capacitor is charged or discharged through a resistor, half of the energy that
goes into charging the capacitance is dissipated in the resistor. Thus, the losses in the gate
drive resistance (internal and external to the MGD) for one complete cycle is the following:

Pg=V-Qg-f

wnw irf.com AN-978 RevD 6
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LIXYS

Advanced Technical Information

High Voltage, High Gain
BIMOSFET™Monolithic

Bipolar MOS Transistor

IXBH 16N170A
IXBT 16N170A

c
[
E
Symbol Test Conditions Maximum Ratings
Ve, T, =25°Cto 150°C 1700 W
Veea T, =25°Cto 150°C; R, =1 M2 1700 W
Vies Continucus +20 W
Vioeu Transient +30 v
- T, =25°C 16 A
lesa T, =890°C 10 A
o T, =25°C, 1ms 40 A
SSOA V=15V, T, =125C R, =330 low = 40 A
(RBSOA) Clampedinductive load Ve = 1350 W
1. V=15V, W o = 1200V, T,=125°C
(SCSOA) R, =33 2 non repetitive 10 us
P, T, =25°C 150 W
T, -55 .. +150 C
T, 150 C
Ty -55 .. +150 i
Maximum Lead temperature for soldering 300 c
1.6 mm (0.062 in.) from case for 10 s
Maximum tab temperatura for soldering SMD devices for 10 s 260 C
M, Mounting torque (M3) (TO-247) 11310 Nm/b.in.
Weight TO-247 G g
TO-268 4 g
Symbol Test Conditions Characteristic Values
(T,=25°C, unless otherwise specified)
min. | typ. | max.
BV, l. =250pA V=0V 1700 W
Vazim Il =280pA V=V, 25 55 W
IcEs 50 I""ﬁ‘
T,=125C 15 mA
logs +100 nA
CE[Rat) 60 \".
T,=125C 50 W

XS reserves the right to change limits, test conditions, and dimensions.

V.., =1700 V
l. = 16 A
VCE(sat) = 60 V
tﬂmm = 50ns
TO-268
{IXBT)

TO-247 AD (IXBH)

C
E
5= Gate C = Collector,
E = Emitter, TAB = Collector
Features

+ Monolithic fast reverse diode

« High Blocking Voltage

+ JEDEC TO-268 surface mount and
JEDEC TO-247 AD packages

+ Low switching losses

+ High curent handling capability

* MOS Gate tumn-on
- drive simplicity

« Molding epoxies mest UL94 V-0
flammability classification

Applications

« AC motor speed control

+ Uninterruptinle power supplies (UPS)

« Bwitched-mode and resonant-mode
power supplies

+ Capacitor discharge circuits

Advantages

+ Lower conduction losses than MOSFETs
+ High power density
+ Suitable for surface mounting
« Easy o mount with 1 screw,
(isolated mounting screw hole)

S&707 (D2/23/00)

@ 2000 [XY'3 All nghts reserved
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IXBH 16N170A
IXBT 16N170A

Symbol Test Conditions Characteristic Values -
i . - TO-247 AD Outline
(T,=25°C, unless otherwise specified)
min. | typ. |max. . i L
g, o =l Ve =10V, 8| 125 S g—-j -~ 5
ulse test, t< 300 ps, duty cycle< 2 % T ¢ T
Dl=- B
c.. 1400 pF I P t
C,. } W, =25V,V_ =0V, f=1MHz o0 pF =
Coe &) pF A
|
Q, 85 nc |t
. Goflle o pR
Q, . =15V, V_=05V_, 13 nG ) Cy
Q, 2 nc
tmo-n Inductive load, TJ =25C 15 ns Dim. | Millimeter Inches
t |c = |c=:|' Vc,z =15y 25 s Min. Max. | Min. Max
n i DBV =R = A 12812032 |0780 0.800
tiom Ves = 0.8 Vegs B, =R, =100 160 | 250 ns B Pos02145 0818 0.845
t Remarks: Switching times may 50l 100 ns = 575 1698 | 0610 0.640
n increase for v, (Clamp) = 0.8V _,, 0 |255 3850140 0.144
- higher T, orincreased R 12 25 ml E |23z s4p 0218
F | 54 a2 7 0.244
:“'0'“ Inductive load, T, = 125°C ;: ns g |ee zia)0mes .02
ns - . - AdT
E" I = logy Ve =15V 50 J J 10 1.4|0040 D.055
an Vo =08Y R =R_=100 - m 4 10.2 11.0 | 0426 0.433
t = ms e 220 ns L | 47 52|0.125 0208
tdm Remarks: Switching times may 150 ns M | 04 08]onie 0.031
il increase for V. (Clamp) = 0.8+ V_, N 1.5 2400087 0.102
E higher T, or increased R, 26 mJ
off -
Ry 083 KW | TO-268AA (D* PAK)
h
R,.. {TO-247) 025 KIW s Eg B
retoN | T i
Reverse Diode Characteristic Values 0 4
(T, =25°C, unless otherwise specified) iled ol l
Symbol TestConditions min. | typ. | max. W LH u
AEERp] o
v, I =l V=0V Pulsetest, 50V
t =300 us, duty cycle d < 2%
L L =l V,.=0v,-dijdt=50 Alus 10 A i .
t, } v, =100V 360 ns =L
MNotes: Diim Millimeter Inches
1. Device must be heatsunk for high - " Min.  Max. | Min. Max
temperature leakage current Min. Recommended Footprint A £ 5| 183 2m
measurements to avoid thermal Al 2T 28 108 a4
runaway. [ 9883 [16.54] A | 02 28| 01 010
2. Pulse test t= 300 us, duty cycie < 2 %. i d S R -
! 7 W c 4 85| 018 .02
| __lgE T D [13.80 14.00| 543 551
- i S 8 E [1585 1805 | 824 832
& | g5 2 s 133 138 s24 m3s
= - e 545850 ZI6B5C
§ | R H 0 1990 | FaE 752
| L 270 | 084 106
[ '[ L1 140 | 047 055
L2 | 1. 115 | 038 045
_.J I_:-l — b g L2 | o2sssc 010 BSC
was [546] Le (280 410 150 .tet
© 2000 IXYS All rights reserved e L Te e e By e o= I Toioing 2 o 2-2
4,331,644 5034756 5,063,307 381,025
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azdan ledvenaugnlan ISO127 (Burr-Brown corporation, 1997)

Euglgl\l@ m@ |SO124

oy,

oy

Precision Lowest Cost
ISOLATION AMPLIFIER

FEATURES APPLICATIONS

@ 100% TESTED FOR HIGH-VOLTAGE @ [INDUSTRIAL PROCESS CONTROL:
BREAKDOWN Transducer Isolator, Isolator for Thermo-

@ RATED 1500¥rms couples, RTDs, Pressure Bridges, and

@ HIGH IMR: 1404dB at 60Hz Flow Meters, 4mA to 20mA Loop Isolation

® GROUND LOOP ELIMINATION
@ MOTOR AND SCR CONTROL

@ 0.010% max NONLINEARITY
® BIPOLAR OPERATION: Vg = +10V

@ 16-PIN PLASTIC DIP AND 28-LEAD SOIC ® POWER MONITORING
® EASE OF USE: Fixed Unity Gain @ PC.BASED DATA ACQUISITION

Configuration & TEST EQUIPMENT
@ 4.5V to H18V SUPPLY RANGE

DESCRIPTION

The IS0124 is a precision isolation amplifier incer-
porating a novel duty cyele modulation-demodulation
technigue. The signal is transmitted digitally across
a 2pF differential capacitive barrier. With digital modu-
lation the barrier characteristics do not affect signal
mtegrity, resulting in excellent reliability and goodhigh
frequency transient immunity across the barrier. Both
barrier capacitors are imbedded in the plastic body of
the package.

Vour

The ISO124 15 easy to use. No external components
are required for operation. The key specifications are Gna
0.010% max nonlinearity, 50kHz signal bandwidth, A
and 200UVPC Vg drift. A power supply range of

+4.5V to £18V and quiescent currents of £3.0mA on

Vg and £5.5mA on Vi make these amplifiers 1deal

for a wide range of applications.

The 130124 is available 1n 16-pin plastic DIP and 28-
lead plastic surface mount packages.

International Alrport Industrial Park - Maling &ddrses” PO Box 11400, Tueson, A7 8573 - Sirest Addrsss: 5730 8. Tucson Blvd, Tusson, A7 85706 - Tel: (520) T&-1111 » Twe 08821111
Iniermed: it urT-DrownLcom! « FAKILING: [B00) S43-6133 (USICanada Only) - Catée: BERCORP - Tebsu: 0568431 = FAK (5200 2831510 « Immectate Product Info: (300 5455132

©1997 Burr-Brown Corporation PDS-14054 Printed m U5 A, September, 1997
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SPECIFICATIONS

AT, =+25°C Vg, =Vg, =15V, and Ry =2kn, unless otherwise noted.

Be

150124P. U
PARAMETER CONDITIONS MIN TYP MAX UNITS
ISOLATION
Rated Woltage, continuows ac 60Hz 1500 Waz
100% Test 1s, Spc PD 2400 Vac
Isolation Mods Rejection B0Hz 140 dB
Barrier Impedance 0™ 2 ol pF
Leakage Cumant at 80Hz Vien = 0.1a 0.5 pArms
GAIN Wy =210V
Nerminal Gain 1 WY
Gain Emor +0.05 +0.50 WFSR
Fain vs Temperature +10 ppmi=C
MNonfnearityi2l +0.005 +1.010 WFSR
INPUT OFFSET VOLTAGE
Initial Offset +20 +50 i
ws Temperature +200 (Tl e
ws Supply +2 i
Moise 4 uvFE
INPUT
Voltage Rangs +10 +125 v
Resistance 200 ki
QUTPUT
Voltage Rangs =10 +125 v
Current Drive +5 +15 mA
Capacitive Load Drive o puF
Ripple Valtage® 20 m\p-p
FREGUENCY RESPOMSE
Small Signal Bandwidih 50 kHz
Slew Rate 2 Wins
Setting Time Wy =210V
0.1% 50 153
0.0 250 153
Cwerload Recovery Tme 150 us
POWER SUPPLIES
Rated Voltage +15 v
‘Voltage Rangs 5 +13 v
Quiescent Current: Vg, +5.0 mA
Ve 35 ma
TEMPERATURE RANGE
Specification +85 =0
Ciperating +85 =0
Storage +85 “C
Themna! Resstance, 8, 100 °CIW
65 “CIW

WOTES: (1) Tested at 1.6 X rated, fail on SpC partial discharge. (2) Monlinearity is the peak deviation of the cutput woltage from the best-fit straight line. It is expressed

as the rato of deviation 1o FER. (3] Ripple frequency is at camer frequency (500kHz)

The information provided hersin is believed to be reliable; however, BURR-BROWN assumes noresponsibility for insccuracies or oressions. BURR-BROWM assumes
no responsibility for the use of this information. and all use of such information shall be entirely atthe user's own risk. Prices and specifications are subject to change
without notice. Mo patent rghts or lizenses to any of the circuts deseribed herein are imofed or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life suppon devices and/or systems
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CONNECTION DIAGRAM

Top View —P Package

Top View—U Package

gy |1
Vg, 2

Gnd

ra | [ e
S| @
=
E
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{
B

[a] =]
;
1

PACKAGE INFORMATION ABSOLUTE MAXIMUM RATINGS™
PACKAGE DRAWING SUPPY Vol RO
PRODUCT PACKAGE HUMEER - et
~ . " Continuous Isolation Votage
150124P 18-Pin Plasdic DIP 238
N . P e Junciion Temperature ....
24U 28-Lead Plastic SOIC 21741 Storage Temperaturs ...

NOT

{1} For deta’ed drawing and dmension table, pleaze se= end of data

shest. or Appendix C of Burr-Brown |Z Data Bock.

ORDERING INFORMATION

NOMLINEARITY
PACKAGE MAX %FSR
16-Pin Plastic DIF +0.010
28-Lead Plasiic SCIC H1.010

Lead Temperature (soderng. 10=)

Qutput Short 1o Commen ... .. Contnuous

MNIOTE: (1) Sfresses abowe these ratings may cause permanent damape.

$, ELECTROSTATIC
(%A DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precantions. Fatlure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
patametric changes could cavse the device not to meet its
published specifications.

ENUIR IR = EERECIWAY N

1S0124
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19-2765; Rev 2; 2/93

V11X /I

Industry Standard Complete

General Description

The MAX174 and the MX574A/MX674A are complete
12-bit analog-to-digital converters (ADCs) that combine
high speed, low-power consumption, and on-chip clock
and voltage reference. The maximum conversion times
are 8us (MAX174), 15us (MX674A) and 25us (MX574A).
Maxim’s BICMOS construction reduces power dissipa-
tion 3 times (150mW) over comparable devices. The
internal buried zener reference provides low-drift and
low-noise performance. External component require-
ments are limited to only decoupling capacitors and fixed
resistors. The versatile analog input structure allows for
0OV to +10V or OV to +20V unipolar or £5V or £10V bipolar
input ranges with pin strapping.

The MAX174/MX574A/MX674A use standard micropro-
cessor interface architectures and can be interfaced to
8-, 12- and 16-bit wide buses. Three-state data outputs
are controlied by CS, CE and R/C logic inputs.

Applications

Digital Signal Processing
High-Accuracy Process Control
High-Speed Data Acquisition
Electro-Mechanical Systems

Pin Configurations

TOPVIEW T

i
r \— r
{ w[x]* 28] 51
{ 128 2] 27] 011 f
ts(3] 26] p10
! #o[4] 25 ng
RC[5] mmasm @ D8
| o] W o
f veo[7]  mxgren  [eelve
REFOUT [ 8 | @ D5
! AGND [9 ] 20} 04
’ REFIN 19 03
vee[11} [18] 02
’ BIPOFF [12] 17] 01
1o 1] [16] 00
‘ 20vn [14] 15] DGND
‘ DIP/SO
l Pin Configurations continued on page 15

12-Bit A/D Converters

Features
4 Complete ADC with Reference and Clock

4 12-Bit Resolution and Linearity

4 No Missing Codes Over Temperature

4 150mW Power Dissipation

4 8us (MAX174), 15us (MX674A) and 25us
(MX574A) Max Conversion Times

4 Precision Low TC Reference: 10ppm/'C
4 Monolithic BICMOS Construction
4 150ns Maximum Data Access Time

Ordering Information

PIN-PACKAGE LINEARITY TEMPCO

. T (LSBs)  (ppmiC)
’j _ 8us Maximum Conversion Time
TEMP.RANGE: 0Ctos70C
MAX174ACPI 28 Plastic DIP w10
| MAX174BCPI  28PlasticDIP 12 27
| MAX174CCPI 28 Plastic DIP 1 50
MAXI74ACWI  28WideSO 12 10 |
MAX174BCWI  28WideSO 12 27 |
| MAX174CCWI 28 Wide SO 1 50
MAXI74BCD  Deet 12 |

*Consult factory for dice specifications.
Ordering /nformatlon connnued

Functional Diagram

VL DGND  Vee VE[

" LN 1213 ‘
9.950K2 5kQ ‘

BIPOFF  10VIN QOV\N

REFIN ‘° Sk
12-BIT
DAC

B
|
|
\ AGND \
tREFOLTB 7 “ “
t
|

Mﬁ

\ ] CONTRCL -, G
4
Low MIDDLE HigH ‘ N A0
N BBLE || NBBLE Mam
' T |
s R 23 27 Tl ls
"o 0B oD 07 DB D11 STS CE R

I

Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.

VELOXN/VPLSXIN/PLEXVIN
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Industry Standard Complete
12-Bit A/D Converters

ABSOLUTE MAXIMUM RATINGS

VCCtoDGND ... .o ... OVio+16.5V 20VINtO AGND .. .. . S +24V
VEEtoODGND ... ... ... ... ... ... . OVto-16.5V REFOUT ....... .. Indefinite short to Voe or AGND
VLIoDGND ... OVito +7V Power Dissipation (any package)to +75°C 1000mwW
DGNDtoAGND ... ... -2 1Y Derates Above +75°C by B 10mw/'C
Control InputstoDGND .. .. ........... -0.3VtoVee +0.3V Operating Temperature Ranges

(CE, CS, A0, 12/8, RIC) MAX174_C, MX_74AJ/K/IL ..o .0Cto+70C
Digital Output Voltage to DGND ... ... .. .. -0.3V, VL +0.3V MAX174_E, MX_74AJE/KE/LE ........ .. -40'Ct0o +85C

(DB11-DBO, STS) MAX174_M, MX_74AS/TJ ... ... ... ... -55'Cto +125°C
Analog Inputstoc AGND . ............... . +16.5V Storage Temperature Range ... . .. ... -65Cto+160C

(REFIN, BIPOFF, 10ViN) Lead Temperature (Soldering, 10sec.) ... ... ... +300C

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only. and funclional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specitications is nol implied  Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS - MAX174

(VL= +5V, Voo = +15V or +12V, Vge = -15V or -12V; Ta = +25°C, unless otherwise noted )

MAX174/MX574A/MX674A

PARAMETER I SYMBOL{ CONDITIONS MIN TYP MAX | UNITS
ACCURACY
Resolution - RES 12 Bits
_ . MAX174A/B +1/2
TA=+25C | Niaxi74C +1
Integral Nonlinearity INL MAX174AC/BC +1/2 LSB
T TMIN. | MAX 174AE/BE/AM/BM +3/4
0 TMAX MAX174C +1
Differential Nonlinearity DNL 12 bits, no missing codes over temp +1 LsSB
Unipolar Offset Error MAX174A/B +1 LSB
(Note 1) MAX174C *2 7
Bipolar Offset Error MAX174A 12 LSB
(Notes 2, 3) | MAX174B/C B - 14 |
Full-Scale Calibration Error
V(Nole 3) +0.25 %
TEMPERATURE COEFFICIENTS (Using Internal Reference, Notes 2, 3, 4)
Unipolar Offset Change MQ;(] ;Z%/B f; LSB
MAX174AC/BC +1
MAX174CC +2
Bipolar Offset Change MAX174AE/AM 11 LSB
MAX174BE/BM +2
MAX174CE/CM +4

Note 1: Adjustable to zero.

Note 2: With 50Q fixed resistor from REFOUT to BIPOFF. Adjustable to zero.

Note 3: With 50Q fixed resistor from REFOUT to REFIN. Adjustable to zero

Note 4: Maximum change in specification from Ta = +25°C to TMIN o TA = +25°C to TMAX

Note 5: External load current should not change during a conversion. For +12V supply operation, REFOUT need not be buffered except
when external load in addition to REFIN and BIPOFF inputs have to be driven.

2 Vi1 K1)
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swazPeafdIneadnuuanauInsa@es dsPIC30F2020 (Microchip Technology Inc., 2006)

MICROCHIP dsPIC30F1010/202X

28/44-Pin dsPIC30F1010/202X Enhanced Flash
SMPS 16-Bit Digital Signal Controller

Mote: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the "dsPIC30F Family Refersnce
Manual” (DS70046). For more information on the device
instruction set and programming, refer to the “dsPIC30F/
33F Programmer’s Reference Manual” (DSTD15T7).

High-Performance Madified RISC CPU:

Modifiad Harvard architecture
C compiler optimized instruction set architecture

83 base instructions with flexible addressing
modes

24-bit wide instructions, 16-bit wide data path
12 Khwtes on-chip Flash program space

512 bytes on-chip data RAM

16 x 16-hit working register array

Up to 30 MIFS operation:

- Dual Intemal RC

- 8.7 and 14.558 MHz (£1%) Industrial Temp
- 6.4 and 9.7 MHz (£1%) Extended Temp
32X PLL with 480 MHz VCO

- PLL inputs £3%

- External EC clock 6.0 to 14 55 MHz

HS Crystal mode 6.0 to 14 55 MHz

32 interrupt sources

Three external interrupt sources

+ B user-selectable priority levels for each interrupt
+ 4 processor exceptions and software fraps

DSP Engine Features:

Module and Bit-Reversed modes

Two 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single-cycle hardware fractional/
integer multiplier

Single-cycle Multiply-Accumulate (MAC)
operation

4(-stage Barrel Shifter

Dual data fetch

Peripheral Features:

High-current sink/source /O pins: 25 mA/25 mA

Three 16-hit timers/counters; optionally pair up
16-hit timers into 32-bit timer modules

One 16-bit Capture input functions

Two 16-bit Compare/PWM output functions

- Dual Compare mode available

3-wire 5Pl modules (supports 4 Frame modes)

I2C™ module supporis Multi-Master/Slave mode
and 7-hit/10-hit addressing

UART Module:

- Supporis RS-232, RS5-485 and LIN 1.2

- Supparts IrDA? with on-chip hardware endec
- Auto wake-up on Start bit

- Auto-Baud Detect

- 4-evel FIFO huifer

Power Supply PWM Module Features:

Faour PWM generators with 8 outputs

and duty cycle

Duty cycle resolution of 1.1 ns at 20 MIFS
Individual dead time for each PVWM generator:
- Dead-time resolution 4.2 ns at 30 MIPS
- Dead time for rising and falling edges
Phase-shift resolution of 4.2 ns @ 20 MIFS
Frequency resolution of 8.4 ns @ 30 MIPS
PWM modes supported:

- Complementary

- Push-Full

- Multi-Fhass

- Vanable Phase

- Current Reset

- Current-Limit

Independent Current-Limit and Fauli Inputs
Output Override Conirol

Special Event Trigger

PWM generated ADC Trigger

Each PWM generator has independent tima base

@ 2006 Microchip Technology Inc. Prelimina ry

DSTO1TEC-page 1
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dsPIC30F1010/202X

Analog Features:

ADC

+ 10-bit resolution
+ 2000 Ksps conversion rate
+ Upfto 12 input channels
+ “Conversion painng” allows simulianeous conver-
sion of two inputs (i e, current and voltage) with a
single trigger
+ PWM control loop:
- Up to six conversion pairs available
- Each conversion pair has up to four PWM
and seven other selectable rigger sources

+ Interrupt hardware supports up to 1M interrupts
per second

COMPARATOR

Four Analog Comparators:

- 20 ns response time

- 10-hit DAC reference gensrator

- Programmakble output polarity

- Selectable input source

- ADC sample and convert capahble

PWM module interface

- PWM Duty Cycle Control

- PWM Period Control

- PWM Fault Detect

Special Event Trigger

FWh-generated ADC Trigger

dsPIC30F SWITCH MODE POWER SUPPLY FAMILY

Special Microcontroller Features:

» Enhanced Flash program memory:
- 10,000 erasefwrite cycle (min.) for

industrial temperature range, 100k (typical)
Self-reprogrammable under software control
+ Power-on Reset (FOR), Power-up Timer (PWRET)
and Oscillator Start-up Timer (03T
Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation
Fail-Safe clock monitor operation
Detects clock failure and switches to on-chip low
power RC oscillator
* Programmable code protecton
In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes
- Sleep, Idle and Alternate Clock modes

CMOS Technology:

» Low-power, high-speed Flash technology

« 3.3V and 5.0V operation (+10%)

+ |ndusinal and Extended temperature ranges
« Low power consumption

w

=2 = =

2 lepS|ulel|e ol =8
® ‘@ | Ec 8 & Bl ls|s|lelEl=12|=2|8 as|2E| ©
=1 = = o =2 |% o
Product £ % ggaﬁa E|lg|E|S|o 2 E 2 $ 22| 238| &

g (£=9E2/F| 3|3 flxe

o a8 =

0
dsPIC30F1010 | 28 | SDIP 6k 286 (2] 0 1 1 1 1 [2x2] 1 3 | G6ch 2 21
dsPIC30F1010 | 28 | SOIC Bk 266 | 2] 0 1 1 1 1 (2x2] 1 3 | Bch 2 21
dsPIC30F1010 | 28 | GFN-5 6k 266 (2] 0 1 1 1 1 (2x2] 1 3 | 6ch 2 21
dsPIC30F2020 | 28 | SDIP 12K Bz | 3] 1 2 1 1 1 (4w2] 1 5 | 8ch 4 21
dsPIC30F2020 | 28 | SOIC 12K Bz | 3] 1 2 1 1 1 (4w2] 1 5 | 8ch 4 21
dsPIC30F2020 | 28 | QFN-5 | 12K M2 |31 2 1 1 1 (4u2] 1 5 | 8ch 4 21
dsPIC30F2023 | 44 | QFN 12K B2 |31 2 1 1 1 (4x2] 1 5 |12ch 4 35
dsPIC30F2023 | 44 | TQFP 12K Bz | 3] 1 2 1 1 1 (4w2] 1 5 |12ch 4 35




dsPIC30F1010/202X

Pin Diagrams

28-Pin SDIP and SOIC

— T
Mclr O]t ™ 28 Avoo
ANDICMP1A/CNZIRB0 ]2 27 [] AVas
ANVCMPIBICNIRET 3 28 [] PWMIL/IRED
AMZICMP1C/ICMPZAICHN4ARE2 4 9 250 PWMIH/RE1
AMIICMP1D/CMPZBICNS/RES [5 o 24 PWM2LIRE2
AMN4ICMPZCICMP2AICNERBY & & 23 PWMZHIRE2
ANSICMP2D/CMPAB/CNTIRBE 7 S 22 PWMILRE4
vas 2 0 21 [] PWM3H/RES
ANBICMP3C/ICMPAA/OSCUCLKIREE o o 20 Voo
ANTICMPIDICMP4B/OSCHICLKOMET 10 8 18 [T Vaz
PGDI/EMUD1/PWMAHTZCKIUI ATXCNRET 11 18 ] PGCEMUCISDISDAURMRFT
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dsPIC30F1010/202X

FIGURE 1-2: dsPIC30F2020 BLOCK DIAGRAM
¥ Dats Bus
1 ¥ Data Bus
T 7 . FF B ]
— Data Latzh
SV & Table
<7 Data Access i g :‘qia.:f R
24| cControl Block 125 bytes| | =[] SFLT2INTDIOCFLTA/RAS
Address
) Latch FORTA
| AL J| I Jf
24 W X RAGU
FCH]PEL X WAGU <] ANDICMP1AICNZIRED
ogram Countar f) =[] ANTICMP1B/CHNIRET
Address Lateh +—={3] AN2ICMP1C/ICMP2AICNAIRED
= X] ANI/CMP1DICMP2 5iRB3
Program Memary| — " ANSICMP2CICMP i
{12 Kbymes) W ANSICMPZDICMP3E/
==L ANGICMPIC/ICMP4AS
Effectve Address OSC1CLEVRBE
Dtz Latch 6 =3 ANTICMP2DICMP4B/
‘ QSC2ICLKQIRET
’ PORTE
I‘_ B
24
18 1
Instruction
Decode __ !
Control
Control Si nas*‘*l¢4 OsP Divide
to Warious Blocks Powerup Engine Unit
Tim
osclcLrl| _ Tming -| | Cszillator =5 D:D ] PGC2EMUC2/0C1ISFLTANC
Generation 7| |Start-up Timer INT1/ROD
FOR FORTD
Reset
WS Watchdog g g
Timer S—
=
o N Input _
| | 1o-sitanc | | Capture g PWMILIREQ
B Medule PWMIHIRET
]l‘ I 1L I L b ot
Ir Ir ) Ir 1 '
- Tnps N TREFIPWM4L
= — SMPS .
3Pl Change 2 UART1 NOIREG
= mers Notficatan WM PGD1EMUDTFWMERT2CK!
U1ATA/ICN1/RET

FORTE

-H-E FGDAEMUDZISCKISFLTHOCZ!
MNT2/RFE

MUCISDITISDATRXRFT

FEMUDISDO1ISCLILTX/RFE

T

PORTF

@ 2006 Microchip Technology Inc. Preliminary DS70178C-page 13
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Core  Geometrical Geometrical  Cross- Bobbin Mean Magnetic ~ Thermal Core
type constant constant sectional ~ winding length path resistance  weight
area area per turn length

(AH) K, K. A, w, MLT I, R,

{mm) cm’ e’ (cm’) {cm’) (cm) (cm) ("C/W) (2)
704 0.738-10° 1.61-10° 0.070 0.22:107 1.46 1.0 0.5
905 0.183-10° 256-10° 0.101 0.034 1.90 1.26 1.0
1107 0.667-107 554-10° 0.167 0.055 2.30 1.55 1.8
1408 2.107-10° 1.1-10° 0.251 0.097 2.90 2.00 100 32
1811 9.45-107 2.6:107 0.433 0.187 3.71 2.60 60 7.3
2213 27.1-10° 4.9-10° 0.635 0.297 4.42 3.15 38 13
2016 69.1-10° 8.2-10° 0.948 0.400 5.28 3.75 30 20
3019 0.180 14.2-107 1.38 0.587 6.20 4.50 23 34
3622 0.411 21.7-10° 2.02 0.748 7.42 5.30 19 57
4229 1.15 41.1-107 2.66 1.40 8.60 6.81 13.5 104
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i A
L ¥
Core Geometrical ~ Geometrical Cross- Bobbin Mean Magnetic Core
type constant constant sectional  winding length path weight
area area per turn length
(4) K, K. A, W, MLT
\ 5 X 2 2 \ \ \
(mum) 1y cim (cm’) (cm) (cm) (cm) (2)
EE12 0.731-10° 0.458-10° 0.14 0.085 2.28 2.7 2.34
EE1l6 2.02-10° 0.842-10° 0.19 0.190 3.40 3.45 3.29
EE19 4.07-10°7 1.3-10° 0.23 0.284 3.69 3.94 4.83
EE22 8.26:10° 1.8-10° 0.41 0.196 3.99 3.96 8.81
EE30 85.7-107 6.7-107 1.09 0.476 6.60 5.77 324
EE40 0.209 11.8-10° 1.27 1.10 8.50 7.70 50.3
EE50 0.909 28.4-10° 2.26 1.78 10.0 9.58 116
EE60 1.38 36.4-107 2.47 2.89 12.8 11.0 135
EE70/68/19 5.06 127-10° 3.24 6.75 14.0 9.0 280
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Core  Geometrical Geometrical  Cross- Bobbin Mean Magnetic  Thermal Core

type constant constant sectional  winding length path resistance  weight

area area per turn length
(A) K, K, A, w, MLT . R,

(mm) et cm’ (cm’) (cm) (cm) (cm) ("C/W) (2)
ETD29 0.0978 8.5-10° 0.76 0.903 5.33 7.20 30
ETD34 0.193 13.1-10° 0.97 1.23 6.00 7.86 19 40
ETD39 0.397 19.8-10° 1.25 1.74 6.86 9.21 15 60
ETD44 0.846 30.4-107 1.74 2.13 7.62 10.3 12 94
ETD49 1.42 41.0-10° 2.11 271 8.51 11.4 11 124
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v 9
A13199 .1 Glgl}fliJ”ﬁﬁ?ﬂ“ﬂ@\il!ﬂ\i@WUﬂU’)UﬁWﬂW (Erickson, 1997)

AWGH Bare area, Resistance, Diameter,
10-3 cm? 10°% Q/em cm
0000 1072.3 1.608 1.168
000 850.3 2.027 1.040
00 674.2 2.557 0.927
0 534.8 3.224 0.825
1 424.1 4.065 0.735
2 336.3 5.128 0.654
3 266.7 6.463 0.583
4 211.5 8.153 0.519
5 167.7 10.28 0.462
6 133.0 13.0 0.411
7 105.5 16.3 0.366
8 83.067 20.6 0.326
9 66.32 26.0 0.291
10 52.41 32.9 0.267
11 41.60 41.37 0.238
12 33.08 52.09 0.213
13 26.26 69.64 0.190
14 20.02 82.80 0.171
15 16.51 104.3 0.153
16 13.07 131.8 0.137
17 10.39 165.8 0.122
18 8.228 209.5 0.109
19 6.531 263.9 0.0948
20 5.188 332.3 0.0874
21 4.116 418.9 0.0785
22 3.243 531.4 0.0701
23 2.508 666.0 0.0632
24 2.047 842.1 0.0566
25 1.623 1062.0 0.0505
26 1.280 1345.0 0.0452
27 1.021 1687.6 0.0409
28 0.8046 21427 0.0360
29 0.6470 2664.3 0.0330
30 0.5067 3402.2 0.0294
31 0.4013 4294.6 0.0267
32 0.3242 53149 0.0241
33 0.2554 6748.6 0.0236
34 0.2011 8572.8 0.0191
35 0.1589 10849 0.0170
36 0.1266 13608 0.0152
37 0.1026 16801 0.0140
38 0.08107 21266 0.0124
39 0.06207 27775 0.0109
40 0.04869 35400 0.0096
41 0.03972 43405 0.00863
42 0.03166 54429 0.00762
43 0.02452 70308 0.00685
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y(H) = n(t)+a(t) (1.1)
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%3 (1) Ao l,L‘U‘U%1@1’E]\H’E]WQW.WVILﬂuﬂﬁi%ﬂﬂﬁiymﬂﬂ!iﬂﬂ’)u Hae w(t) AD LUUINADIVDN

n
Tyasuniu audasluaums 3.2) nag (3.3) Muaau
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A A o a A o A o J A
(o u(t) Ao AYYIUDUNA e(t) AD AYYIUTUNIUYII y(H) AD Ty IUDIANA LAz & AD
J a J o
L’Jﬂl@lﬂﬁsll’t]\‘lw131“1@]@31HLLUU%1§@\1
) I d o 1 % Aa wa 4 [
fualn G(q.0) nag H(q.0) WuilsndunisTouvesdrlfianisaou q audaa

Tugums (3.4) wag (3.5) AUAIAL

—nk —nk—1
Bl bq +bgq +--+b_q
G(q,0) = = — - = (1.4)

F(q) 1 + flq_l +--+ fnfq_nf

—nk—nb+1

nc

C(q) 1+c1q_1 +---+cmq_

H(q,0) = (1.5)

d

D(@ I + dlq_l +- dndq_n
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9
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Wil Jeomdouaums (3.2) laludngduuumin aeil
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F(q) D(q)
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lunsain lihauanidvesdyanasununadnuuvusiaes uazsmuali Hig) = 1
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v F4 1
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ﬂualummlmu‘mﬁnam output error (OE) LlagllTﬂi\‘]ﬁiNﬂ\ﬂlﬁﬂ\iﬂﬁﬂllWHﬂWWUa’f]ﬂaluzﬂﬂ 12 (V)

B(q)
a u(t)+e(t) (1.8)
F(q)

y(t) = G(q,Q)u(t) +e(t) =

o ' 1S @
winfmualdnyuumendiuues G uag H vosaums (1.7) auilu A(g) daedaa
H & g
Tudunis (1.9) MnTuguaNnIT (3.7) NIF0IAIUAY Al 9 1daums (1.10)  Failu
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Tunsainmen C(q) volaums (.10) Haudu 1 a2 ldunusiassnuauns @.11) #

[V
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Y < !
aadasdroumunmwuaenlugii 4.2 (1)

A(qQ)y(t) =B(qu(t)+e(t) (.11)

Y 1
nnuuUhaswUNaeId IFUdUN 4 JUuuy Nnd1ndedu tuudiaes ARMAX
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ANInRIeAIANA y() TARIaNmS (1.12)

§(1]6) = G(q, O)u(®) (1.12)
Tunsdiveauuinass ARX §aaums (1.11) aunsafouaunsondnn y( 1aad

y(t) =-a,y(t-1)---a_ y(t-na)+bu(t-nk) ++b ult—nk—nb+1)+e(t) (N.13)
MNAUNT (1.13) AW50UBAUIANA y(t) VDIUUUTIA0I ARX 1@ deaums (3.14)

9(t]@) =-ay(t- 1) ~-a_y(t-na) +bu(t - nk) +++ b_u(t—nk —nb + 1) (1.14)
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o @ o A ad c?/‘
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H ' (q,0)y() =H '(q,0)G(q,0)u(t) +e(t) (1.15)

y(® =[ 1-H(0.0) [0+ H ™ (0.0)G(q.0u(1) +e(1) (1.16)
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o ! J Yo A
HASTINITDONMUIIAUDIANG y(t) VOIFANNIT (3.16) ulﬂﬂ\iu
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v o d = Y o a2 Y 14
ANUANNUTAINTNUNIT (3.17) ﬁ'llﬂiﬂléllﬂuiﬁ@giugﬂm@Q!LUU‘ﬂWa@Qﬂ'ﬁﬂﬂﬂﬂm“ﬁ\uﬁuqﬂ
9

Kf
5(110) = 6" (1) (1.18)

& A v ¢ a sy 1 ' a g o o ¢
e @ Ao AvANLNNMBIYBIMITITNesN lins a1 ez (1) Ae Wuasduinnnesves
a J R A ' J . = a g Y
UNALAZIDIANAIN FAUTINTI 1INABTDADDY (regression vector) tazlaNFniludinanoy
(regressor)

Tunsdlvesuuiiaes ARX iedeuldodlununvewnuiiasinsonneoFudu

muaums (1.18) 92 1aa1 0 1ag () AT (3.19) Hag (3.20) AMUEIAY

9=[a a,~ra_ b bz---b“b]T (4.19)

o(t) = [-y(t=1)---—y(t—na) u(t—nk)---u(t—nk—nb+1)]" (1.20)

nmsUsziivunuiiaeeniinnugndeununzaurie lu awisanosan ldeinen
d‘ d' ) A d! IS 1 5 1 1 1 a U 1 d' o d! =
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f8 £(,0) faaums (1.21)
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V(@) == & (1) (1.22)
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1 a J A o Y S v 9 A = Yo A
ANTIURDT O ‘ﬂﬂﬂﬂﬁuﬂﬁ(\il:’)) uniuaenga Lélliluulﬂﬂﬂu

0, =arg m(ginVN (8) (1.23)

N

Lﬁaﬁmsmumuﬁwammaam@u%’umuﬁumi (N.18) mmsamﬂ'mmmmmﬂﬁau

£(t,0) tazmANUAAANdoUMdITeURaY Vi (@) "I,??])i]”lﬂﬁllﬂﬁ (3.24) uaz (3.25) MUY

£(1.0) =y -0 1) (1.24)
1 N

V(@) =—> vy ()-20", +0'R 0 (4.25)
N

A < 7 o @ < a o2 Y o
$V)3) fN Lﬂulﬁﬂm@ﬁﬂ@ﬁuu LUae RN gﬂummn% Gﬁﬂl!ﬁﬂﬂqﬂﬂﬂﬁhﬂﬁ (N4.26) uay (3.27)

RES RN
1 N
f=— D p(0y(1) (4.26)
N o
1 N
R,=— Y p(g" (1) (127)
N

2
=1
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185

1 - -1 -1 T —1
V() = —Zyz(t)—f;RN £ +|:(6’—RN £) R (O-R fN):| (.28)
N

t=1
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A a < R ' A Y ~ A 9
LIDWATUITUNTT (N.28) H"iuulﬂ'l'] 1 VN ©)) CUAUBINGA LUDINDUNIATUVIGTANAT
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IMNUFUY UUAD
0=0,-Rf, (1.29)

B o 1 A F2 v as Aa Y
49 NTARIUIUMIAT O TaTago1feN s sz uuaumMIFudu
o a a 4 4 1 1
lunsalunusnaes ARX auNBIUATNS Ry Haznnes £, a1usodeueglugilans o
[ 5 o [y J o 1 1 1 Aa
AU (4.30) F9 0, lawanilendunlslsausau (covariance function) 3¥MI19AIBUNA

HAZIPIANAVDITZ UL
1 1 1
— >yt ult—k), — D y(t—jy(t—k) W5 — D u(t—jut-k) (130
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o Ao o 9 A9 A [ o A o = an
NITATUIN 9N°VI°VI161‘H VN (0) UATUBINEA TTNITADIFINITATUIULBIAUAUANYISLUYUID

VoA U-5 1M U (Newton-Raphson method) H1NWIITUIHUNT (3.32)
gx)=0 (4.32)

1 £ F% o cf’ @
A1 x FIDUNAINABUOITUNT (N.32) ﬂ'nﬂﬁﬂT‘i11@1@ﬂﬂ1ﬁﬂ1u’)ﬂluﬂﬂ’)u“ﬂ1 ANTUNIT (34.33)

_ _ ) -1 )
L) _I:gr(x<1>):| g(Xn)) (1.33)

A ! A v J = [
e g (x) AD DUNUTUDN g(x) Mmyunu x
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