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ABSTRACT
This Project is presented analysis of controller design to the power supplies. In this
case, control with digital controller. The controller designed is applied to buck converter at the
constant frequency 40 hHz. Buck converter is designed with input voltage 15-30 V , output
voltage 10 V and output current maximum (3A) in discontinuous current mode (DCM)and

continuous current mode (CCM)
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e(t) = AANVAANDIAVDINGSUINAT

¥ 1
a o @ A v ¥
msauguAnuag  mugdmiunszuIumsninamiiunng  msizmunsond lvany
& o+ Y 1A A o o X oy 2 Y
amawaoy  lasmsnsyialsniineufiaziimsnsyduieduld  Seeldnoneuaues
4 & el 8 A A & o T -
ypanszLIUM I uIANdeds A nsaruguuuuilsziinny lmemnnuaaiandouinn
& Ay - A & o g ¥ a1 1 a Yo o A ‘
valauamizlunsdifian 7, wie K, Hiannn sz lfinasmaiugeld dsdudalimung
or d‘d 1 1 9 :{d :’1 TR 1
funszuunsAlifnamulananiosy  uaznszuaumsnimaildousasdaie e
@w 2 ar ; '
szvunmuauus s wieszuumsaiuquastva  Taemsanuguludnyusiily

o I H [] y " q 4 o
ansoih hFldesnlannedld  mnzhdesnnueamadowiiuguitshld M

drynraniseon vosdnuauiugud lido



dninmemyana e wizveundImansz Yy v

' ¥ I d
mImuguuuy PI awhndaruedintunsmugun poduedld eovimadadiu

& ['v] 1 t:!y o £y n' 9 =1 ar dy
Fansiaa1 eoran 1 1118 Tesmsmumsarguuny 111 Teseziiaunisaail

m(t)=m+K | e(t) +%— Jetrar (3.37)

P
=] =) o J o 'Y § ar ¥
wioeszvulugilantaamswadesuvesdygumad ae dygimnisesn lad

MG) g as Ly
E(s) s

f Y] P A ¢ Y o @ ot '

msmwauiuy Pl oszeldaieeran H e annzashiinuiiugudndniu furasasd
1 ¥ o ' o c? r'4

Overshoot UAZATSUNI 199720018 usagi i lsF1ng  (rise time) uag 1HNAI 1N

o 4 2
(setting time) IWUYUUIN

72040



2.9 Micro Controller PSoC
. 4 ' .
PSoC Microcontroller 1l luTasnouTnsanasuneme Cypress Microcontroller ICY
A A = ar o«
dluluTasnouInsameinimsdszuianadoyauuy 8 Ta mieusvlulnsaeulnsames 8
N u‘) ) wa ) o ] o d.l oM
tavian Tluaneauiawuiuana i ldanlulnsneu Insameisaszgaduq Hfe PSoC MCU
3 v
9L TIDINTODALUVNINIIAIL Aamea uaz oulaen w1 B3deiusi mseenuuuhded
[] i Y] 4 o s a [
nsgunefuszne gilnisiniedinea uaz eutaenasaiilAlasiy uazazaINTUIY
a dy = 3 o o Y = Ay i 4 £
833 99 IAvIAU09InseenUULIANAIDATY  TAUIRWIZININIATUBUIRN A9
¥ ¥ ¥
tnszlvnenoutslvg  Inamsdhaures  PSoC  Halinmunaesdigaiuiesues
T o & o = c; dww = Y . .
LA NUATUYIUUIWNINHAINHDY HONIINHEILAINTL In-System Serial Programming
) N & H [ o
(SsSP) fawisasims llsunsuaesa e ldoonuuvas iy lumiteanud Tusunsy (Flash

u = é ) o ar
Memory)  awludawld  FazdwldmswennllsunsuldinululnsnonInsawes

' b
AAINALUITIVY

.

' [Y) [4
2.9.1 AIALYRY PSoC MCU rilorferuiilulasnouinsaneionuy
o
UserModules:euisationIdminnsuossz vy ldawdeinisviseuiaon nazainea
' o o ¥ ¥ s s o Y o
2 higndnadalnssaeersaursimioudu lulnsaonInsamesouq
API(Application Programming Interface) : ainayumsiau lsunsudoflsniu
AP swlagRan TUsunsuaunsadisusenuuy TsunsulaTaode
ar ar 3 a o as o
ISRs (Interrupt Service Routines) @HUTHU LHALITOITUNITMINUUVUDUIADI TN
Interconnect device interface :mmmﬁmm%amiaﬁmaunmq"lﬁ'atha%ﬁi: ulijf.]’ﬂ

o @ L4 L4 =] ar oA
NI UANDA I BINTALLIT lﬁ“@uﬂUuljJ]ﬂ'jﬂ@uj'ﬂiﬂ!ﬂ@ﬁ@uq

2.9.2 qumAves PSoC MCU AszQa CYSC27443
¢ aoi)aunssl Harvard Architecture Processor
® A1wi51999 M8C Processor 3¢9 24 MHz
® 8x8 Multiply,32-Bit Accumulate
® 1ow Power at High Speed
o shamlusiwseau 3009525V
o wsnhndiussdudigai 1.0 v 1a197993 Switch Mode Pump (SMP) n1eludn
® 12 Analog PSoC Blocks 5035um3 1 mumadeniaon wu

-ADCs 1WAz uagaaaia 14 1in



-DACsANUAZIBIATIYANL 9 T
—?Q%i!ﬂmﬁﬂﬁiﬁjﬂﬁﬂ (Programmable Gain A)
239308 LA 2TIADUNZ Wmﬂg(l’rogrammable Filters and Comparators )
® 8 Digital PSoC Blocks 38950013 1931UN1AIADA
-Timers, Counters 101 PWMs 9114 8 fi332 1
-CRC uaz PRS Tuga
-UARTSs U111 Full-Duplex g8 2 94
-SPI Tuga (I it Master 1azSlave
ASaeavienmeqannsafonds lilfndywin 6Pl Tdnnndy
o uwesmMuAvIAnLAvB Y mEMMelL Iy
o dyananinmmelusuia 24/ 48 MHz MANUAMIARTDU + 2%
o musaidonunasfuiindyn v 24/48 MHz 3 needadamiaes 32 kHz nelu wie
mouen 14

a o

ar [ 4
o munsnsudyuseadammos1nnlouanlageqa 24 MHz

a-a

e funnsmiadaynnuuwininiolulviy Watchdog 1492 Sleep
¥
e wiuneaui 1/5un5uMIY Flash Y1417 16K Byte 1150 Erase/Write TAD4 50,000 A3
e wiuanuitoya SRAM 4110 256 Byte
o o . .

o Hanvumsldsunsumelu ISSP(In-System Serial Programming)

= Y ! ¥
o muyrouldsuniasdoya Flash Memory mwiz1n4au 14
o musossmszuutlesiudoyala(Flash Security)
®  %178A21u31 EEPROM (19910 Flash Memory)
® 1Ty Iv GPIO 91U 24 VIFYRIN
e musofmusnuauinveIIFYIUA1 18 (GPIO Pin Configurations)
® GPIO aY130TWATLUAFIGA IADS 25mA
e  q1W150¥UA Drive Mode ¥09deyay1a GPIO 14 13514 Pull up, Pull down, High Z, Strong
* fyyIuduneouIaongga 12 My mEnNdynyI1uIee GPIO)
e FYaNUOUINANDMAFIEA 4 VIFYYIUEINNIFYY I GPIO) D1wnizsta IANg 40mA
e musofmuamsdune’ s ldnnudyanaues GPIO

e 12C Ivua Slave, Master ¢}t Muiti-Master mmﬁaqaqﬂ 400 kHz

» '
® Watchdog 11a2 Sleep Timerc HDE AIUTTNAIMIZAUMIATIVIUITIAUM |6
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ponuuUiuanEuzves n5 10 vie WuuvuIawia (Visual) wu nsiden 1y luganis q nse
o ] . ] ] P=Y o as 9 o o
MIAIMUAR Configuration #13 9 dulums@ou TsunsufezidudnuusmslFau Hafsu
(API : Application Programming Interface) 9 PSoC Designer Tasaunson31Hudn flvan
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294 -m&’:yqpmn'w 9 U8 Micro Controller PSoC
] ¥
Y IUVI PSoC UanbuzARWAD Micro Controller MULBY 4 Aolinauidoyy i
a Y a 4 o ¥ 4 Y a Ve 9
Aamatuaziamiesn  deluuienenhmihnunnimuemin . mihnnsiianuves

dg A1 9 199 PSoC muisnasl1dnmisish 2.1 ae Ut

5’2 v Type N'::ll“m Description
igital | Analog

1 ) 1 357 azlog ozlumn mux input.

2 i 10 AT 2aaleg ozlumn mys input 3nd cobrma wsiput

2 1D (1] 221 £a3log oclumn mua input Fnd celuma deip.

< 10 | Fofs £fazlog onlumn mes inpu.

z e BKH|

2 [ F T

7 i I A2 Tirect switched eapacitsr slock input.

2 [ 1 23 Thirect swilehed capacitsr Thock input.

2 Fowel R Svrteh tods Pumg anMF'}_ ce_nné»:'.ien e
2x1eMn3} componeats rzsuires.

15 g 77 12C Szrial Clnek {3CLT

11 10 K 122 Zzrial Data (304}

1z O EatE

12 i Fiii) Zrysiab Izt (XTALRL 12C Serizl Clock (33L

14 FOWE! v'3s Ground conne:2sion.

1% I 247 Cryetal Ourpur sX¥aLleus). 12C Serial Cata
ppciaiony

i 12 ?iiz]

17 I 7 i) Sptional External Cleck nput {EXTCLKY

i3 ICe FHE

[ input X222 | Active hgh eviemalreses with intzrnal puli

24 (o] 1 Dvrect switched capacitze Zlock inpus.

23 [ 1 Dhirest switched czpacitsr ey inpus.

23 u] Sxnesnal Anszlog Greund (AGKD)

k! I Sraeina. Voltage Rzferzrncs iV Ref)

24 I | F2id) fazleg ozlumn s inpus.

2% [} 10 242 ~naleg oslumn mwex inpus 3nd colema cestpul.

2z I 10 23] 2aaleg oxlurin mu inpus and co3rmn cuiput.

az 1 | 237 Sazlog ondumn muninput.

2z Fower P Supply voliage.

-~

LEGEND: A = An:03, ¢ = Input. and $ = Sutput.

M3192.1 Wi deanuaieg 183CY8C27443
¥ ﬁ o o ) 4 c:a’bly
9Inasedsdudiunssimuan Fye uuIas§INues Micro Controller PSoC  alu#idild
“ o 3 < o 4 a o [ g
idonues CY8C27443 115 lumsAnuInishau dalimsien Asmelli
Y] o ¢ a Y] P [ 1Y o
wan N3 IFnuvmwesan1e 9 iuwesanamaduaziemsesnialiuds vimedaunen

. 14 14
SN TNmNIZe01 AdlFell



22
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]z rors) 20 poie} [
3 rof3) 2w rojet |3
4+ pof1) il 3
s ez 10 kaje} =
s e25) 7 23rzie) 3
v pzn r.'s: 23 p2ja) 2
C3s r21) 8 21 p2{2] 3
o sme 5 zobziol [
—{iori[n 19 XHLS
11 P15 18 P1jel 3
gz ks 17 p1ja} 43
Caskving 10 P12} [
] 14 vs5 13 P1j0} 3

qii2.10 uaaadad uazms N wmNdy a1 vesled CYsca7443

vDD dundminiuIndes sefuin s v

GND Wuwnseaedulnov

XRES lunivdnannssa dlenfiiuasin «1” CPU QN3 ITA

PO[2]-POS] Wundmiiu-dedynnu Analog

pol6)-Po[7] 1Wundmiuiudyanu Analog un lua s oaady I Analog 14

P1[0] iluv1 XTALowt l4d v XTAL aﬁaﬁ%’nﬁtytymmﬁmiﬁﬁu PSoC uanmnf:
dautluvru-dedoyauvuoynsudae (3 PSI uaz £C)

P1[1] Wua XTALin Wamiudesu XTAL eadadyauuinm iy PSoc wenvIng
faflunfudyaruudndmiviu-aadeyauuveynsudie (Wa pSI uaz 1°C)

p1[4] Wuwudyauuiininnmouen

ar ’ 2 é =% ’
PI[5] rﬂumsu-m%gaum I"C s050n1U1 SDA (Serial Data)

¥
1

p1[7] Wuwnfudyanuuidmlunsiu-dedoyaves I°'C Sunwiidn SCL (Serial Clock)
P2[0)-P2[3] \Wuansudayanas Analog 1Y Non-Multiplexed

p2[6) WuvSudyeudrasannnsuen
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ﬂ'l‘iﬁ'l‘l-l’)ﬂlllﬂzﬂ'l‘iﬂ%"h‘l

3.1 M300nUINVT Buck Converter

Vi
+ -
e VYTV
— B |
I, ll( l o
+ +
Vs AVp Vo

2313395 Buck Converter
v, =24V
v, =10¢
1, =34
1. = 40kHz

INTUNII(2.1) V,=V,xD

D=—II;9—=0.416=41.66%

s
P,=V,x1,=10x3 =30l = P

R :V—U=Q=3.33Q
I, 3

t, =DT =0416x25us =10.4us

INTUNII(2.3) V, =V, -V,=24-10=14V

(3.1

(3.2)

(3.3)

(3.4)



VINAVNS(2.17) L. = (-D)<R _(1-0416)x333 _ 24.3uH
2f (2X40KHz)

Mua L - 304 e ldnszua T 18 Tnua (COM) waz (DCM)

Ai, = Ys=Vo |pr (28210 (0.416)25us) = 4.8534
- L 30uH

Ai 4.
NNAVM(2.11) . :1,‘+% =3 +% =5.42654
Ai .
;=g B3 48595935y
2
AN 2
I +(Az,./2) _ s +[4.853/2J iy
‘ V3 V3
C __ 1=
V()
nsaau 1n¥h Ripple fimssanauiisimuasiiu 1%
Ao x100 =1%
o
1INAUNII(3.7) C 1-0.416 =152.08 uF

" 8x 30 x0.01x (40kHz)’

24

(3.5)

(3.6)

(3.7

(3.8)
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Qr ﬂ: o
3.2 MIORNIUUAUNUEIUY

321 fmuanimniiines
Inductance

Full Load Current (1)

Max peak Short Circuit Current (/g )
Max Ripple current (AIPP)
Max Temperature Rise

Switching Frequency (/)

Mode MsanuvsInszud TN Inaludumtionh

3.2.2 180N Core Material

3.2.3 A48 Max Flux Density a2 Max Flux Swing
N0l B, Limited

fmuaiwes B, muainves Core Material idon

AR AB

max

Al
ABmax = Bmax x = (39)
]S('pk
AB_
ABmax,dma = —% (310)

-W115®1 Core loss nYoYan5 1M Core loss e AB, o oo M0T 1
&1 Core loss ({ 100 mw/em’ uaasiuilunsdl B, Limited

1 Core loss » 100 mw/em’ WAAITUUNT S Core loss Limited

N8 Core loss limited AU B, v

- 1428 Thermal Core Resistance

1M UAAIYDI R, 910 Datasheet

AU IUNIINTULNS

R, = 23(AP) " c/w (3.11)
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-1 Temperature rise limit (Loss,,,,, )
Loss,,,, = Temp/ R, (3.12)

o o L. oA Aoy
-Svuney Loss,.emp 11 Absolute loss limit 101 loss NUAUBEY

-7 Core loss

Loss

Coreloss =

-1i1 Core loss 119 1l mun B 1indeyans1vl Core loss

max, daia

-89 B, .. (AB_ Yaaag el Core loss anas

max, data

3.2.4 idenvinataz1l319¥ea Core

= - .
il B, Limited

L, 1,,10°
21N AUNIT AP:(L)LBIS om®
420KBH'IBX
N34 Core loss Limited
LAIm/7,,10°
210 qUAS AP = (Z2 B m F g1 om’
297KB,,,

[BNULIAUDI Core loss N1 AP 319N AP AR IUIN

3.2.5 ANNAIININIBU (N)

L(pH ) g

B [
Bmer(cmz))

10 FUNI N=(

r ° [~
o N ludumad sy

3 r ¥
Jatiu Winding loss WA , Core loss a9a



] 1 4
. . a8
S1ELE Winding loss A0 . Core loss IWNYU

¥ 9 o4 o '
& N v wdu fuom AB__ ung Core loss 11y

3.2.6 A1 Gap length

l'g:JuoNi-—xlo4
L(uH )

-Rectangular center-pole

Cross — section dimention— ¢ & b
A =axb
Effective gap area (Ag)
A, =(a+1,)x((b+1,)

1, :Air gap length

+1 b+
! :yNZl(a £)x g)Jxlo“ cm®

£ e L(mH)

o 1 9/ ad .
ATUIUAT [, 87T Nteration
-Round center-pole

Rand center - pole with Diameter > D _,

Effective gap area (A, )

27

(3.13)

(3.14)

(3.15)

(3.16)
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1, :Air gap length

A !
1, :poNzL" 1+—| x10* em’ (3.17)

¢p
o " 3 oY .
AIUIUA Ig AT lteration

3.2.7 ANINUVUIAYLIVARINANN URZ Winding Resistance
9 »
*A03 AU 1 1590910 Winding data 1 7, Tdanadnhivuaduriu

4
guanans D,
*aqdonunavasataanimamsislavlddeya D, n, =k Tddeyasinain

AolasveIalIan i

32.8 78814 NILLNINIUA NN

3.2.8. 1MAUAAINITIIADT (Parameter)

L =30uH
I, =3314.~334.

I, =6624.~6.6A4.

1, =64

Max Temperature Rise = 30°
Switching Freq = 40KHz

Mode m'iﬁnmﬁ‘_lmmu Discontinuous @12 Continuous

3.2.8.2 t@on Core Material

({19 EE Core 1199 EE25



M iac vs Frequency Static Magnetion Curves
: . ,i.;l!} P N TI T 500 -7 = —
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FRERLl i
4000 —- ’ SR Ix e et Pt / 1eC
5 Lo oH o 1 300 U
X ooy i It = i |
' [ 'i . v i | } E I
2000 -~ -do i e et L - ! J -
RN AN N e
SO0 T ‘ i ; ‘-
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N S A £} 7 - 100 P -t
_".z__'.l.; l ! by ’
: i g b 1
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—
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v
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—_
o
=S
o
.
o0
o
o
o
S

qU3.2 nswlsznana B v H uas nsiMszning u fuamd

-

Npp
PNAUNI3.9) AB, =B, %

max
]sqﬂ

_oax
6.6

=0.1818T

AB
INTUNII(3.10) AB, e da = 2’“”

_0.18I8T
2

=0.09T

1200
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Power loss vs Flux density

E
=
X
= |
(=% H
10 ==t 3=
[ e — 20°C
i ---100°C
APl
500 1000 2000 3000
B(mT)

31]?!3.3 15151 B ANND 1o Power Loss

nnnsmidunsél B, Limited

3.2.8.3 199AYUIA LA Shape Y94 Core

(L] 1 10“]”'5
okt FL

AP =
- 420KBm:lx
AP = -(30}11'])(6.6)(3.3)(]0)4 1315
420(0.7)(0.2)

- 1315
= 65&] =0.0556 cm"

| 58.8

3.2.8.4 AIUIUNUIUTOD (N)

[ Lum1,,,107
| B, A (cm®)

30
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_ (30)(6.6)x 107
~(0.2)(0.455)

=21.75 59V

3.2.8.5 fMUIN Gap length

A

2 £ 104 s d

I = u N°—=—x
e AT T )

=(47rx]O")(Zl.?S){%]X]O“ '

=0.0836 cmv50 0.836 mm.

3.2.8.6 AMUINUUIAVDIAINAIMAE Winding Resistance
o A o & Y o 2 A
wnnszua i liien Winding Data Fa9ndaimuauea1aes = 3.3 A Judanaia

wes 19 umiieavinalafivuialveg us Bobbin Dunadniulfsuinldalawes 23 unu

uazldmsmatiafuada 3 duguuuiuly
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3.3 MIPENIULSZULNILRNAIABD

MIBONUUUSZUUAIUANNIEAIRBaNs I 1A 2 T8AwAu e Tusn imseenuuy
] d’l v T aa =S adg A o
luszvunamonion  udwasnnewiaen liglamuaiaon nazonisnils Mimseenunu
szuvmugulnlanudvaealasesuos @ msoIsndeiilaeiag TlezeglugiuesZ = ¢
a o P a aq v v oA o o ™
pnnanatamseonuuuly Tawuaud (S-Plane) Ml¥luszuunaraeiiios Aazihunlddu
aa o ° = [ =4
Z-Plane 19070 35msud ludAedesriinisulas z-Plane 113l Plane 14 58071 W-Plane Ao
¥
or M ] < dw o = a
Tdanuazanavislumssanuuunduauu 0619150010 W-transform no9vi I Aan1sieuy
a9y £ v a o ' - o a & Y
nMeanudld  FedesodunisnagoulSuusInis1Nwes lunszuIuMseanuLUUdNANe 19
9 o = 9
ladanes NuniuauszLY D(Z) ANABINTS

Hmatiamsoenuuuue Bode 15199ut)as Z-Plane 191571 Plane Tnsl (Son W-Plane
2AZ-1)
T(Z +1)

aa o W W - VoA o a ol A 3
ﬂﬁ]ﬂﬂﬂﬂ11ﬂﬁ:ﬂ']ﬂlﬁ“ﬂuﬂ1§@@ﬂllﬂﬂllﬁgﬂﬂnﬁqﬂﬂ!u'ﬂﬁllﬁgfﬁiﬂﬁﬂu1ﬂ’ﬁﬂﬂ§ﬂ1]°ﬂ'ﬁ71ﬂ1ﬂ

LY s a o & =Y ayo 3
Iﬂﬂ@1ﬂﬂﬂ1‘§uﬂﬁf]1‘nﬁmﬁi W = mmﬂuﬂuwﬂwm‘saammmsn‘umuquma

1450 10 Tas T s s 1aiae

E(s) U(s)

|

JUN3.4 Snuau Pl Aaiiles

o o« a ar =
nivasfaisuvesdnIvgy Pl Ao

D(s):Kerﬁ: Kps + Ki _ U(Z)
s s E(Z)
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] o ar L] A 9 ar oy =1 9 ] 4’(
ap Iazimanmsvamsaduay PL uuuaeiies veeoen W 1duuundaniala neudu

o o as = =) v . . o '
1519 HINFUYeInNIIAYUAN P AaAIA a4 Proportional gain 6amaldA1 Kp

du Integration Temsdszunanuy trapezoidal

dunnian 1 = (K + DT Ao

uf(K + 17|

¥
19 u() 1Huduindaves e datiuavos

(K+D)I

ul KT |+ Ie(r)dt

KT

= u[KT]+§{e([K +1)I + e(KT)}

oty ZU(Z) = U(Z)+§[ZE(Z)+E(Z)]
ZU(Z)-U(Z)= %[ZE(Z) + E(2)]
[z -1(2)= %[Z +1]E(2)
U(Z) _T[Z+]]
EZ) 2z-1]
» Kp
+
E(Z) U(2)
+
o iz
2 [z -1]

U35 uwudsdenveadaniunudinen Pl

=] '
N1IBANULUNIAIURY PI ﬂﬁﬂﬂ‘liﬁ']ﬂ'] Kp, Ki

3 14 ° e ¥ o
1’]11?7'5$'1J'1J'V]NTLIhlﬂﬂiﬁﬂ1llﬁlﬂﬂ1ﬁu9]lm3

F5Bode Plot 9InsxVVADILeWI DI FRuMsoanuuY P1 adniald malz P aanda

A = v dy = ] g ¥
719 NIURNIEVYDI Phase Lag , compensator av llazuaasiimsvenuuuold 1a ¢.=

Phase margin NiIMuUARINITUVAIVNLATABAAIUN3.6
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R(Z) < ) E@) | pzy= kpr i T2 0@ | oy X&)
- 2 [z -1]
PI-Control Plant
o o
Sample and Hold
JUn3.6 szuvangunioudlumsAIuRuATADA PI
numesHasFuveInsnuay P lussiny W = 2(; — 11; asluD@) 14
+
W Ki
pory=YW) _yp K
EGW) W
e
D(jv)= Kp+—
Jv
= Kp+ ﬁj—v
v v
a cg . . Ki
MNUU D(jv)= Kp— j— (3.18)
1%
MNa+jb= Ir](cos@ + jsinf)
18 = [D(jv)](cos@ + jsin &)
= [D(jv)lcos@ + j|D(jv)| sin @ (3.19)
Tymnsesnuuy fe ien DoW) e l1d
D(jv)HoG(jv) = 1£(180° +4,)
¢, = Phase margin Hsmun a1 gain cross-over V, A3l
ZD(jv,)+ ZHoG(jv.) = 180° + ¢,
Wi ZD(jv,) =0 =180°+ ¢, — LHoG(jv,) (3.20)

. 1
uaz [D(v, )| = m(f»’_)[
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1N(3.18) uaz 3.19ufseuReuaunisniaonz 14

Kp=— 050 (3.21)
|HoG(jv,)|
Ki sin & (3.22)

=y —
" |HoG(jv.)

oums (3.21) uaz (3.22) ﬁ‘lufmmsﬁm'S”uaammumimuﬂuﬁ%ma PI Tuszumn widie 8

¥
1 .o [y ¥ 2] 4 o
OALVUNINY Kp , Ki 15811508107 ﬁ']ﬂﬁlgllﬂﬂ15ﬂ']°ﬂﬂu PI ﬂ@ﬁ

Ki
M D)= Kp+—
(W)= Kp .~

2[z-1)

T [z +1]

- o o - an
wazdielsw = 214 ns e AsnTuveunieanIuguAIaea Pl

U@ _ . TKi[Z+]]
PO= = 5 7]

o doq do A ¢
gazthns o sAadsuin 18 1) udifugumsnanianail

U(Zy _ 2Kplz —1]+ TKi[Z +1]
E(Z) 2[z -1]
2KpZ - 2Kp+TKiZ + TKi
2[z 1]
Z(Kp + TgﬁJ + [TK' - Kp)

= 2 (3.23)

[z -1]
ZU(Z)—U(Z)={Z(Kp+¥]+(%— p]}E(Z)

ZU(Z)= U(Z)+(Kp + %)ZE(Z) + (T—f—i — Kp)E(Z)

UZ)=Z"'U(Z)+ (Kp + %)E(Z) + (—T—f—" - Kp)E(2)Z™

0 Z -transform MHUA LA

Z {F(2)} = fin)
2z " F(2)) - o)
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wla Un) =u(n-1)+ (Ziﬁ - Kpe(n-1)+(Kp + —I%(—’)e(n) (3.24)

. TKi
LAZMMUA a= (T - Kp] (3.25)
B= (Kp + %} (3.26)

Waums (3.25) . (3.26) Iunuluaums (3.24) w21a

u(n) =u(n-1)+ae(n—1)+ fe(n) (3.27)

4

¥
aseiaunis (3.27)50 114950 Tu Tasaeu Insmaes latauaiu Flow chart @41l

( Start )

y
e(n—1)=e(n)
u(n—1)y=u(n)

'
e(n) = A4/ D input

4

' u(my=un—-1)+ae(n—-1)+ Pe(n) l

End

3.7 msihuveunseeniuauataoa PI

{10 @, B, eung u Humdunlsfigniu B3 lunissanusweunieslulasneuInsawes lav

b4

s o A
e uaz v iugwsuuuoisgaedl

° 3/ @ a1 A 2 1 o
fruali e(n) = e[1] @wds e vuvsdroIN 1 vuwdsmiloegiiv
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e(n-1)= e[Z]G’I'JLﬁJS e LUUDTUEOIN 2 T‘iiJ'lfJﬂdﬂW?JﬂﬂTquiJ'llm’ﬂu 11387

LY

u(n) = u[11704)5 u LUV IR 1 Hawdailagaiy

a

Y o 1 ~ = o A 3
u(n-1) = u[2] A5 u DV AFDIN 2 HIEDIMIDAANHINLILE b IaT
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DC 11

CHI=5V CHZ=20mV 10us/div
DC 1 (10us/div)

BL10OMS /5

JUa3 nszua i i lnaruduniiond du ¥V, 489 MOSFET

CHI=2Y CHZ=5v 500ms/div
| (500MmS /div)
i NORMEZKS /5

Lid

niseu Ivhinaeen(2v/div)
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CHI=2V CHZ=10mV
Dc 11 oC 11

T 500ms/div
. (500m3/div)
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/]
// C main line
1/ ---

#include <m8c.h> // part specific constants and macros

#include "PSoCAPLh" // PSoC API definitions for all User Modules
#include <stdlib.h>

#include <delay.h>

#include <ioport.h>

#define Ts 0.001

int nADCdata;
float adc;

float Pv;

float e new;
float e_old;
float u;

float Kp=31;
float Ki=70;
int Sp=150;
float a,b,c;

void ADC Read(void)

{

If(ADCINC12_1_{fIsData())

{
nADCdata=ADCINC12_1_iGetData();
nADCdata += 0x0800;
ADCINC12 1 ClearFlag();
Pv=(nADCdata*0.07326);

b

}
void PID_control(void)
{

e new = (Sp-Pv);
a=((Ts*Ki)/2)-Kp;
b=Kp+((Ts*Ki)/2);

u=cH(a*e old)+(b*e new);

e old=e new;

c=u;

PWMI16 1 WritePulse Width(u);



void PWM_Data(void)

{
PWMI16 1 _Start();
PWMI16 1 WritePeriod(300);
PWM16 1 WritePulseWidth(125);

}

void Enable_interrupt(void)

{
MS8C_EnableGlnt;

}

void main()

{

ADCINCI2 1_Start(3);
ADCINCI12 1_GetSamples(0);
Enable interrupt();
PWM_Data();

while(1)

{
ADC Read();
PID_control();

50



AIARUIN A

IRFZ44/45
IRFZ40/42

N-CHANNEL
POWER MOSFETS

FEATURES

-«

Lower Rps jon

Improved inductive ruggedness

Fas! switching times

Rugged polysllicon gate cell structure
Lower input capacitance

* Exiended sale operating aroa

Improved high temperaturae reliability

¥yo-220

IRFZ44/1RFZ45
IRFZ40:1RFZ42

S
PRODUCT SUMMARY
Part Number | Vps Rpslon) Io
1
IRFZ44 | 60V | 0.0280 354
. L . . — [ S NE—
RFZ45 | 6OV | 0.035() | 35A
IRFZ4C . 50V ' 00280 354
IRFZ4?2 T 00358 35A
* Cuirent limited by wire 8 pin dameter
MAXIMUM RATINGS
i Charactaristic . Symbal IRFZ44 IRFZ45 IRFZ40 i IRFZ4a2 j Unit
Dran-Source Voltage (1) | Vass 80 50 | voc_
| Drain-Gate Vollage iRes=1 OM{X1) Vocs 60 50 ... Vde |
Gate-Source: Voitage Vo o 20 Vde |
Continuous Dran Current To=25°C R a5 3% | 35 | Ad
e > : I B ; .
Contnuaus Oran Curremt T2 =100°C b | 35 33 3 | 33 Adc
Dran Currant{-—Pulsed (3} Ira 1 210 190 210 190 Adc
(A Lurai - ; e -
Gatew’(;’grmr;nl:Pilsgd law 15 o Adc
Single Pulscd Avalanche Energy (4) Eas 53 m
| Avalanche Current ) tas 35 A
Total Power Dissipation at T¢=25°C P 150 Watts
_Derate above 25°C 12 w:¢C
Cperabing and Storage » o e
. Junchon Temperature Range T . P 1,75 A I C_
Mawimum Lead Temp. for Sokdening . 100 :C
Purposes. 1/8" from case for 5 seconds | "

Notes: (1} T.=25°C t0 175°C
(2] Pulse test. Pulse widthe 3C0us, Duty Cycle€2%
(3) Repevtve ratng: Pulse with hmited by max junction temperature
(4) L=50uH. V4g=25V. Rg=25[). Starling T;=25°C



IRFZ44/45 N-CHANNEL
IRFZ40/42 POWER MOSFETS

ELECTRICAL CHARACTERISTICS (1c=25°C unless otherwise specihed)

*Symbol Characterlstic Min | Typ | Max |Units; Tesi Conditions
Dram-Source Breakdown Voltzge Vis=0V, b=250uA
BVoss [ IRFZ44/45 60 ! — | — |V v
IRFZ40/42 50 i — | —
Vasewy | Gate Threshokd Voltage 20! — | 40| V [Vos=Ves, lo=250ua
Igss | Gate-Source Leakage Forward —~ § — | 100 | nA | Vgg=20V
Igss | Gate-Source Leakage Reverse — § — {—100] nA | Vgs=-20V
nss | Zero Gate Vottage Drain Curent | — ; — | 250 | uA | Vps=Max. Rating Vas=0V
— 1 — 11000} pA | Vps=0 8Max. Rating. Vas=0V. Te=150°C
ben; | On-State Drain-Source Current (2) 35 | — | - A |Vps31 2V VGS=10V
R Static Drain-Source IRFZ44/40] -— — ]0.028
%" | on.State Resistance  1AFZ45/42] — | — }0.035 Ves=10V, lp=33A
gs | Forward Transconductance (2) 15 ¢ — - U | Vos»50V, lp=33A
Css | Input Capacitance — 124500 — oF ; Ves= 0V
Coss | Output Capacitance — {740| ~ | oF !Vng=25V
Ciss | Reverse Transfer Capacdance — | 360| — | pF 1=1.0MHz
td Turn-On Delay Time — =132 | ns
ol y — - Vgo=0.5 BVpss. lo=524, Zo=9.11)
t | Rise Tme - |- ja0 ns - (MOSFET switching kmes are essentially
tao | Tun-Off Delay Time — 1 — ] 7% |ns independent of operabing temperature)
t Fall Time - — 1130 | ns
Total Gate Charge
Q, ) — i = {100 {nC . )
{Gate-Source Pulse Gate-Drain) Vgs= 10V, lp=52A, Vns=0.8Max Rating
Qg | Gate-Source Charge - =] (Gate charge 15 essentially mdependent of
—— e —— operating. temperature )
Q;s | Gate-Drain {“Mdicr") Charge — i — | 58 | nC;:

THERMAL RESISTANCE

Rmc | Juncton-to-Case MAX . 1.0 KW

Amcs | Case-to-Sink 1Yp 05 KW ! Mounbng surface flat
' smooth, und greased

Ruua | Junction-to-Ambient MAX : 80 KW ) Free Ar Operahon

Notes: {1} T;=25°C to 175°C
{2} Puse test Pulse width€300us. Duty Cycleg2%
{3} Rapeutive ratng Puise width hmited by max juncton temperature
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IRFZ44/45 ..“CHANNEL
IRFZ40/42 POWER MOSFETS

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS

Symbol Characteristic Min i Typ E Max iUnits Test Conditions
Is | Continuous Source IRFZ44:401 — | — 1 35 { A | Modihed MOSFET
Current (Body Dode) IRFZ45:42° ~ | — 35 A 1 imegral reverse 20
lsw | Puise-Sowce Cusent  IRFZed:20 - | — | 250 | 4 ¢ PN unchon rectiier s
kY IRFZ45:42 — | — {190 ] A o
Veo | Miode Forward Voltage Al P~ = 1251 v | 1e=25°C. 15=35A, ves=oV
1 Reverse Recovery Time — | - 250} ns i T,=25°C. [r=35A, chidt=100A%S '

Notes: (1} T:=25°C 1w 175°C
{21 Pulge test Pulse width€300us. Duty Cycle€2%
{3} Repettve ratng Puse wath hmuted by max juncion temperature

"o T T N " 3 ey T +
Ve b TOY ; | P Pue Test ¥au P haa X Rotemeas I I///
O | 80us Pulze Tew! — ¢
3
100 e Vi B e ‘ h-ree
5 . : T _ @ : e 350 1
F ~ = 2 T=-65C
: ,
£ o {
e < e , S
; - ] ‘
H : I N ST VY YO N ] !
g ® ; z ; g
3 VR : | 3
‘ o .
z : [ i AC
< L ] 2 .
i ol | e : J
O. : i | as=8y¥ g
8 ; i F /
e L |
T |
1 Nauw5Y . . N A
L . :
L S L i
5 12 8 24 X0 36 P 4 3 [ 10 12 e
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Yoo GATE-TO-SOURCE YOLTAGE |YOLTS)
Typical Qutput Characieristics Typical Transfer Characteristics
Vo H T 1 ; ; 1o : ~H | ERERY t
BOus Puise Test | l i ! / T o0T] OMERATON N THIG ARLA Z 1
i : ! i : 5 ; LMITED BY R-_”_,., : ; -
; Ven® 10V IQFZ:J"C I [ :
_ 0 1 R ey, A1 RAH
] W i H
w g IRF248.47¢) ! i
v -— Y dil : o
¥ 3§ -
E < e - se
: “ A -
[ v iy ay:
N FUZ44/40
é E | i
S 1
% o ALz | ,
: z
g ¢ i g ‘ l i
; g =BV g H) : -
n. i _j - e b
£ oo 5 H St iald Sl S
i Tt ki
Vg =tV IS I M=c __E: )
} l ; ! HN i
| l i H
0 146 12 0 2% H ] kL) s 10 s ¢
Vo3 DRAIN-TO-SOURCE VOLTAGE (VOL TS) Yox, DRAIN-TO-SOURCE VOLTAGE (YOLTS)

Typical Saturstion Characteristics Maaimum Sate Operaling Arse
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IRFZ40/42
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N-CHANNEL
POWER MOSFETS

THCRMAL IMPEDANCE {PER UNIT)

ZynscroRen s NOAMALIZED EFFECTIVE TRANSIENT

Gy, TRANSCOUNDUCTANCE (SJEMENSI

BVpen. DRAIN-10-50URCE. BAFAKDOWN VOLTAGE
INORMALIZED)

N
? LT et
. i
1 Ol
e Py i |
r— iz
05 1 ;
o2 |
01 l l +H
i i il
G 05, = : S o
i AR SNGLE PULSE {TARNSENT , il
i BE THLRMAL BAPEDARCE) R * O Fester Dm2 ]
00z}—- - EREE] ' * i 4 7 P el B R m BT Dy CW
'_f_-,__ i ; : ! R L3 TarTemPeZax _f
H . 1
oo it e LE L b F TR T pagn 4 a1
vt N D s 1w 2 5 w0 2 5 [ z 5 w0
1. S5OUARE WAVE PULSE DURATION {SECONDS}
Mazimum Eltective Transisnt Tharmal lmpsdance Junction-to-Case Vs. Puiss Duration
0
] - i - Tm-55C
Pt 11
i T-75°C z
; - [
13
T=176°C §
! <
H . -
2
™}
32 — :
2
3]
/ 4
! F
[ : &
i/ :
H : 1 I 1
R . I 2 V ¥
t 805 Pube Tost-— =T A Pt VosMoee XA ey =
: I I Vow Moy X e . J ! | 80vs Puse tew: :
i | ; ] | Il
o 30 e =) 0 00 [ ] Te 24 32 OF] 8
lu. DRAIN CURRENT (ANPERES) Vip SOURCE.TO-DRAIN VOLTAGE (VOLTS)
Typica! Transcounduclance Vs. Drain Current Typical Source~—Drain Diode Forward Vohags
125 I I 30 3
RN § |
4 ]
118 - - < < 24
: &
i
4 ' w
1 «
| z_
05 : 1 OE 8
| ! gy
: el €3 A
i / 95 /r'
tos // 'g_g 2 —
! z
-1 2 //
; - el
| Lt}
ass § 80—
’ &
L 3
i
075 ] 0o

-7% =80 =25 O 2% 53 75 100 175 153 178
T, JUNCTION TEMPERATURE 1°C)
Brogkdown Voltage Yo, Temperature

-8 -ub -25 0 2% 50 A 100 125 130 78
T, JUNCTION TEMPERATURE {*C)
Normalized On-Rasistance Vi. Tempaature



IRFZ44/45 - CHANNEL
IRFZ40/42 POWER MOSFETS

C. CAPACITANCE {pF)

Py DRAIN-TO-SOURCE ON RESIETAMNCE (OMME}

g, POWER DISSIPATION (WATTS)

00C - " — 26 — T
i Vgm0V b P l
e L Lo R -t :
; Cyy=Cgs + Cga Cos Shovme # ! I '
- CntC e g 3 }
. CxCes
Cuve Ca8 = reer 2
= Cds b Cqe 3
P < J
Y S T a 12 ; ’
\ > i
T Cu - ] - '
X - 3
200 I -t - e [
\- E i 5
c -+ t T w e H
. 1 : :
1000)~~ I U 4
\ Cuf | 3 /
i - o—
E \‘ : [ i |
; : ) i | 1
0 "
¢ 0 20 X I 58 20 0 N c:.kona: . [E 10¢
Al
Vps, DAAIN-TO-SOURCE VOLTAGE (VOLTS) . Ooc::‘ L (;* ot InC} vor
Typica) Capscitance V3. Drain to Source Yoltage Typicsl Cale Charge Va. Gate-To-Source Voliage
e T T T T T 60 S T
! 30 Puse Tew ; J : ‘ |
i i ' /i -~ :
¢ os ; ! | o= \-L‘.‘ . - ]
E Vo i 4 { a Rt Ml A 1
-1 / R ] S '\\ REZce
) ¥ A7 a8 ~.\ I N,
! : i 3 4 o .k_\x_ LA
OOy —p - i — : K o ~
i / % Lnieg oy Package
f x Rinir
; -3 - - w T
.-/ E i :
=]
ce2 ” Neg= 200 - c.z; 24—
i =
! i
. 3
0ot i [ -
vy i
' s [ R A ! 3
L | ) N
? 40 80 12¢ 8¢ 200 20 (1] 90 120 159 150
MPERATURE {*C]
Ip, DAAIN CURRENT (AMPERES) Ty AMBIENT TE|
Typical On-Resistonce Vs. Dvaln Current Maximum Drain Cusrent V. Case Tomperature
180
P
128 : \
i \
: b _
i H
-]
40 T
1
[

HJ

Te. CASE TEMPERATURE (*C)
Powar ¥3. Temperature Derating Curve
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TOSHIBA TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbel Raiing Unit
Forward cuitent Is 20 méA,
Forward current derating {Ta 2 70°C) alz i ATa -2.38 mA i *C
@ Peak transient forward curent {Note 1) =14 ¥ A
Reverse voltage Vg 3 v
Junction temperature T 122 C
“Hpeak output current {P.y £ 2.5ps.f € 15kHz} {Note 2} loz= -1.5
“L"peok output current {Pyy < 2.5ps.f £ 15kHz) {Note 2} IasL +1.5
{Tas 70°C) 3%
Qutput vollage Vo \
5 {Ta=85C) . 24
3 {Ta< 70°C) s
g Supply oltage : Mee v
{Ta=85°C) 29
Qutput valtage derating (Ta 2 70°C) AVe !/ aTa 073 VicC
Supply voltage desating (Ta 2 70°C) Mep fATa 073 ViC
Junction temperature Tj 125 ‘C
Cperating frequency {Ncie 3} f 25 kHz2
Cperating temperature range Teor -2b-85 °C
Storage iemperature range Teg -55-125 ‘C
Lead soldering temperature {10 5} {Ncte 4) Taa: 280 ‘C
Isolation voltage (AC, 1 min., R.H.< £0%) {Note 5) 8Ve 2500 Vims

Note 1:  Pulse width Pyy < 1ps, 300pps

Note 2. Exporenential wavefom

Note 3:  Exporenential wavefom, lgpp £ ='1.0A{ = 2.5ps), lop & +1.0A( £ 2.5ps)
Note 4: It is 2 mm or more from a lead root.

Note & Device considerd o two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted
together.

Note 6. A ceramic capacitor{0.1pF) should be connecied from pin & to pin & to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the svdtching proparty. The total lead
length behween capacitor and coupler should not exceed 1ecm.

Recommended Operating Conditions

Characteristic Symbol in. Typ. Klax. Unit
Input current, on (Note 7} Ision: 7 & 10 mA
Input voltage, off ' VEioFs; ] — 0.8 v
Supply voliage Vee = — n | 2 v
Peak output current loo=éloaL - — 105 A
Cperating temperature Tepr -20 25 70 | 82 'C

Note 7: Input signal rise time (fall time) < 0.5 ns.



TOSHIBA

TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
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Test
Characiesistic Symbo! Cir— Test Condition ki, Tvp.” Max. Unit
¢cuit
Input forward voltage Mz - e = 10 ma, Ta=23°C 1.6 18 v
Temperature coefficient of , ; _ i
forsard voltage piaTal  —  Jlp=i0mA - 29 mv°C
Input reverse current Iz, - R = 5V, Ta=25C —_ 10 WA
Input capacitance Cy - V=0,{= tMHz, K Ta=25'C - 4z 250 pF
s fF=10ma
H el lops I N Vesm Y 05 | -8 -
Output current ¢ ‘i? A
R i lgp=q -
L level lopy 2 Veam25y | 04 2 -
H Vegy = +15Y. Vg = -15V
N In g —_
K fevel Ven 4 R( = 20000, If = SmA 1 12.8
Cutput voitage 7 YT, ~ v
" lew 5 cg = F15V Vegy = -3 _
1 level Voo 5 R, = 2000, Vg = 0.8V _ =142 12.5
Voo =30V, 1= 10mA _ 7 _
“H level locs - Ta=25'C
Ve = 30V 1= = 10mA —_ - 1"
Supply current mA
Vee = _30 e = 0mA _ 75 _
L level lecy, — Ta=25C -
foc = A0V, 17 = Oma _ — 11
Threshold input “Output q VYegt = 415V, Vegy = 15V 5
. - - — 2 A
current LK FLH Ry = 2000), VYo > OV ! 5 "
Thrashold input “Outpui e Vecr = +15V, YzE = - 15V
. F: - = 1% — - v
voltage H—L At Ry = 2000, Vg < 0¥
Supply voltage Vee — 10 - 3% v
Capacitance Cs _ = TMHz — 1.0 20 pF
{input—ouputd
f = 9R¢ B
Resistance{inpui-output) Rs — Ta=25°C 110" il - 0
* All typical values are at Ta = 25°C {*1): Duration of o time = 50us
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir= Test Condition iin. Typ.* Max. Linit
cuit
Propagation L-H toL= - 015 0.5
celay ime H--L Lt I = S (Note 7 - 015 | 05
s € Yooy = <15V, Vo2, = =15V s
Cutput risa time b Ry = 2800 - — -
Cuitput fall time ts — — —
Common mode transient
immunity at high level Cran 7 -3000 — — Vips
output
Common mode transient Ve ur = 800V, |¢ =
immunity at lov level Cia 7 .j?;' - 238 !_F -,ngé 500C — — Vs
1 co =30V
* All typicat values are at Ta = 25°C
Note 7: Input signal rise gme (fall time} < G.5 us.
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Test Cirzuit 1 : Test Civeutt 2; IOPL
8
e q  —
g g  pProw
. Vee
1 D 0 e 4"
Inz
.0 g -+ L_‘[VM
T
Test Circuit 31 10PH Test Ciret 4 YOH
[ 8
1 I l 1 1 l §
Voo Vecy
= J.ipF - l_.l c U1pF +
' (D i J e 7 R
]_—éi; |_.[ ] ,‘
leps ’\VJ VYoH
4 ¢ 2 C }‘ b —
0 1 IR o
————-———TV55|
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Test Crreuit 5 oLy, L. b

l Ry Rt I

| S |
f-

V=g

Vi

Ver
Crat 480 (V}
SV -Afl==BmAl b jps)
Cren Crari = 480 (v)
Ve — — v Wipsi
M\ Ca
S 3l =03

Cra (Cpan) is the maximum rate of rise (fall; of the common mode voliage that can be sustained with the output
voltage in the lovs (high) stale.
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RESTRICTIONS CN PRODUCT USE

« The informaticn contained herein is subject to change vithout notice.

+ The infomation contained herein is presente€ onty as a guide for the applications of our products. No responsiility is assumed
by TOSHIBA for any infringements of patents or other ngnts of the third parties which may result irom its use. No license &
granted by implicaion or otherwise under any patent or patent rights of TOSHI3A or others.

+ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can matfunction or {ail due to their inherent electrical sensitivity and vulnerability to physical siress. 1 is the responsibility
of the buyer. when utiizing TOSHIBA products. to comply with the standards of safety in making a safe cesign for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human e,
bedily inury or damage to property. ‘

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHISA products speciiications. Also, please keep in mind the precautions and conditons set forth in the
“Handling Guide for Semiconductor Devices,” or “TCSHIBA Semiconductor Reliability Handbook” etc..

s The TOSHIBA products listed in this docement are intended for usage in general electronics applications (computer, personal
equipment, ofice equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor varanted for usage in equipment that requires extraordinanly high quality andior reliability or a
maffuncticn or failure of which may cause loss of human file or badily injury {Unintenced-Usage”). Unintended Usage include
atomiic energy control insiruments, airplane or spaceship instruments, transportation instruments, traffic signal insiruments,
combusticn control insiuments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this documant shall be made at the custemer’s gwn nsk.

» The products descnbed in this document are sutject to the fereign exchange and foreign trade laws.

+ TOSHIBA procucis should not be embedded te the dovmsiream products «which are prohibited to be produced and sold, under
any law and regulations.

o GaAs{Gallium: Arsenide) is used in this product The dust or wapor is harmiul to the human body. Do net Lreak, cut, crush or
dissolve chemicalty.
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processor, The CRU utifizes an interrup: controller with 17 vec-
tors, 10 simplify srogramiming of real time embedcded events.
Program: executicn is timied and proiacied using ihe included
Slees and YWaich Deg Timers (4DT).

Menmory encompasees 16 Xb of Flash {for grogram storage, 255
Lytee of SRAEM for daid otorage. and up to 2 K3 of EEPROM
emulaied using ine Fizsh. Progransy Flash uidlizes four proiec-
tion levels on blocks of £4 Lyles, allowing cusiomized software
IP orotection.

The PS5eC device incorparates flexiliz internal clack gensra-
torg, incleding & 22 MHz IRAG {internal main oscillaicr) accurate
to 2.3% over tamgsrature and voltage. The 24 MHz IMO can
also be doulded to 48 Wiz lor use Ly the digiral sysen. A kaw
powsr 32 kHz ILC linternal iow sosed ogclliaion is provided for
the Slees timer and \WECT. 17 crysial accuracy is desired, the

TG {52,783 kHz external crystal oscillator} is availabls {zr use
as a2 Real Ttnie Clock {RTC} and can cpticnally generate 3 crys-
tzl-accurzie 24 MHz system cleck using @ PLL. The clocke,
together with programmable clock dividers {as a2 System
Resource), provide the fexitiity to integraie almost eny timing
rzguirement into the SSol device.

SoC GPIOs pravige connsction to ihe C3U, digiial and analcg
resources of the devics, Zach piy's drive mode may be selacisd
from eight opiions, allowing great Nexibility in external interfac-
ing. Every gin also has the capaiifity to ganeraie a system inter-
rupt en hightevel low level, and change from lasi reac.

The Digital System

The Digital System is eempesed of & digita! PSol blocks. Each
block is an 3-bii resource that can be used alene or commbined
viih other blocks to ferm 2, 15, 24, and 32-ii geripherals, which
are called user module references.

T2 Bysier Bus

Digyital Cioce s
From Care

To Anadzg
Syeen

b

DIGITAL SYSTEM
1 Digital PSoC Block Array

]

CYRITES
jtned
e

Row B

t | I

B aw eyt

I

w
>

T et EunTen

Fow 1l

L..._......._.,. GEF:T) = zpy3e Diy 1l " GOET :'—)
- SCEQ Ink2re3nssct s pomi —_—

Ly

Bigital System Block Diagram

igital perizheral cenfigurations include those lisied below.
PyiMs (€0 22 &i)
PvMs with Daad band (3 to 32 bit}
Counlers (2 to 32 bit}

Timers 6 w0 22 Litl

D

[ ]

[ ]

[ ]

[ ]

B UART 3 bit with s&leciable parity {up to 2}

®m 571 mastzrand stave (up to 2
® (27 slave and masier {1 available as a Sysiem Resource)
m Cyclical Redundancy Checker/Generator (& to 32 hit)
B IrCa jup o 2}

]

Pseudo Rancom Saguence Ganeraiers (£ 10 32 bit)

The dgitafl tlocks can be connecied to any GPIO through a
series of glehal hbuses that can route any signal to any pin, The
tuses also allow. ior signal mukiplexing and for performing logic
cperations. This configurability frees your designs from the con-
siraints of a fixed geripheral controller.

Digital blccks are crovided in rows of four, where the number of
clocks varies by PSoC device family. This allows you the apii-
murm choic2 of system resources for your application. Family
resources are shawn in the table itlzd “PSoC Device Charac-
izretics” on page 3,

The Analog System

The Andlog System iz composed of 12 configurable blocks,
each comgnsed of an opamp circuit allowing the creation of
comzles analog signat flows. Analog peripherals are very flaxi-
e ang cen ¢ cusiomized to supgzor specific applicaion
requirements, Some of the more comman PSoC analog func-
iions {Mest avaitable a8 user modutes) are listad below.

B ~naleg-te-Sigiial converiers (up ic 4. with &- to 14-bit resolu-
tion, selsctable as Incremental, Gelta Sigma, ang SAR)

® Filters (2, 4. 2, anc & pole band-pass, low-pass, and notch)

® Ampliiers {ug to 4, with seleciable gain to £8x)

B Instrumentation amplifiers (up g 2, with selectable gainioc

Comparaiors iup 10 4, with 16 seleciable threshoics}
8 {ug to 4, with 6- i¢ 9-bit resclution)
Muliplying DACs jup o £, with 6. to %bit resolution}

High current outpui drivers ffour with 30 ma crive as a Core
Resource;

i.3% referance (as a System Resource)

CTHF dinler

Kiodulators

Corrsiators

Peak deieciers

Many other icpologies possible
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Anpleg Llocks are provided in ccluming of three, which includes
one CT {Centinvous Time) and twe ST {Swiiched Cacsacitor}
blache, as snoewn in the figure belovs.

POy

-t
5O )

|
25, — _
SE
22J5;
E [T ——

! L=y

Array Input Configuration

- 1
™1 Remoencs  1odsciiran
s Gonsrators :+ Rt

[ : S EaIgar

MBT INtes1aCH JACCrENs Bu, C31a Bus, ElC.)

Analog System Block Diagram

Additional System Resources

Sysiem Resources, some of vhich have been previcusty lisiea,
srovice adcitional copability useful to compleie sysiems. AGdi-
sonal resaurces include a mwltizher, cecimaiorn, switch moce
cemp, low voliage detecdon. and covser on reset. Erief state.
mans describing the mierits of 2ach system r&scurce ore ore-
sentag below.

» Cighd' cleck civicers provide three cusicnizable cloch fre-
suancies for use in applications. The clocks can berouad 1o
Loih the gigiial end onalog systems. additional ¢hocks cen be
genercled using digial PSoC blecke as clock givigers.

m A nmuiticly accumlate {MEC) provicea a fosi 2-bit multisler
with 32-bit accumulate, to azsist in both general math as well
&8 Cigiinl fihars.

® The dacimator providas a ¢ustom hardware filter for digital
signal processing applications including ithe creation of Delia
Sigma ~DCs,

o The 12C maculs provides 100 and 200 K- coramunication
Over pan wires, Slave, magter, and nieiti-masier niodes are
all supzored.

B Low Yokage Detection {LYYD) Interrugts can signal the aggii-
catian of falling voltage levels, while the advanced POR
iPowrer Dn Resei) circuit eliminaies the need {or a sysiem
suseryisor.

B anintemal 1.5% reference provides an absclute refsrence for
tha praieg sysiem, inchuging ADCs and DECs.

B A0 integrated swiich mode pump (SMP) ganerazes nomal
operating voltages from a single 1.2% tatiery cell, previding o
lcw cest boast convernar.

PSoC Device Characterisiics

Depending on your PSoC device characieristics, the digiial and
analog sysiams carn have 16, &, cr < digital blocks and 12, €, or
3 anplog blocks, The lofiowing table fists the resources
availalle for specific PSeC device groups. The P5cC device
covered by ihis datn sheet is shown in the second row of the
atle. '

PSot Device Characteristics

At REARE

i‘ roa | <% i3 ‘:a 55
crzcomee | R e iz ¢ " iz
cvecaay | ¥Rl g B 12 : 4 12
ovizmas | R ] 32 2 2 2
cvicaae | ] 1 2 2 2 ¢
CYES2EN3 “'jg“ i 4 c 1 1 2
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Getting Started

The quiches: poth 10 undersianding the FSoC silicon e &y renc-
ing this ¢aid shee: end using the PSol Designer Iniegratec
Cevelopmeni Environment {IDE. This data sheet i3 ar over-
view of tha F5cC inegrated circuit anc presenis spaadic gin,
regisiar, anc electricel szecificatizns. For in-cepth information,
clong with cewdiled programnung informaticr, reference ine

BLol™ Mixeo Signad Amay Taohnios! Asferencs Manvel,

For up-to-date Ciedaring. Packaging. anc Erectrizel Scecification
inizrmation, reierence the tatest FSol cevice data theets <
the w2b at hiig w0y 3 35.0onW 0508,

Devalopment Kiis

Cevelopmeni Kity are avaifotie from he flowing Sistivutors:
Cigi-Key, &vnei, Lirow, and Fuiure, The Cypress Goline Sors
wwonfulfilmeni.comseypresssiciss contains cevelap-
mant kits, C compilers. anc o)l acteascries for PSol develop-
ment, Click on #50C {Pregrammabis Sysram-0n-5iid) 10 view
a currens list of availek'e nems.

Tele-Training

Free FSoC TTele-training™ is avadable for baginners anc taught
by a live markeling ¢r applicanon enginges sver the phore, Five
training classEa ar2 availaLl2 0 ace2l2rals the lBaming turvs
incluging intrpduclion, cesigning. cebuzang, advances cesign,
advenc2d anaiog, as weh as asglication-scecinc classes cover-
ing tocics ke PScC and the LIM tus. For days and times of the
lede-Uining, see NIlp MW . Cypre 85 CONYSUS ROy aIRMY. L.,

Consuliants

Cerufied PS¢l Consukiants cfter everything from technicos
essisance to compleas PEol d2signs. To contact of cacoma a
PSoC Conschant. go to the {ollowing Cypress sugpor web siie:
RipLinAw. Cypre ss . ConyYsupasricypras. cim.

Technical Suppori

PSol application engingers taks pride in fast and accurate
rasconse. They can be reachec with a <-hour guaranteec

ressonse at hiipiiwwi Cyois ol somvsuspartiagin. ein

Application Notes

& Icng list of opplication notes wil 839 you in avery aapect of
pur Segign sfor. To locate the SSe gpolication nates oc te

press. conidasignirzsu ts.cin.

Development Tools

Tne Cypress MicroSysiems PSoC Designar is a Microson®
Windows-besed, integraiad Sevalcoment environmen: for the
Frogrammable Systemn-on-Chip {FSoC} cevices. The PSol
Demgner [OZ and azplication runs on ¥indows MT 4.0, Win-
dows 2320, ‘Nindovia Millennium {fdej, or Yvindews XP. (Refar-
ence the PSoC Designer Functionol Flow diagram bekow.}

=52 Dasignar helps the cusiomer to salect an operating con-
figuration for the PSoC. write applicauon coce ihat uses the
=S, ang cebug ihe application. This system provides design
dalabase management By projact, an integrated debugger with
In-Circuiz Eaulator, in-systern prograniming supperi, and the
TYASM macro assembler ier the TFUe.

2%eC Desizner also supports a high-leval C language compiler
dewelopes specifically for the davices in the faminy.

t Carta
L] Grachical Designer Lante
PSaC raraee " || s
Designer Help .
r s .
HIEE
H Bl -
£ 5 R L.
<3
imponable Lo e
Dzspn @ .
Doatrse N
Devics P5eC
Dazat 75e PSoc @ Confgurasics
v Shees
s~pplication Designer
Tatakrse Core
Engine
Prc g2t
Satabase
User )
Mzdules <_>
Litzary

J

<
Zrutation In-Crzu Oweiice
Pe: Ermulyo Frograsimer

PSoC Designer Subsystems

65
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PSoC Designer Software Subsystems

Device Editor

The Device Editor subsysiem allows ihe user o select different
onboars onalog and digital componards calied user rocules

using the PSoC blocks. Sxamipiss of user madules are s0Cs,
EACs, amglifiers, and Filters.

The device eCitor alsc suoponts easy develogmen: of muliple
configurations and dynaniic réecniiguration. Oynamic cenfigu-
raticn allews for changing configurations ai run time. -

PSol Cesigner seis up power-2n anitialization iakles for
celecied PSoC bloch configurations and creates source code
for an application framewcrk. The framewoerk coniaing sofiware
to operaiz the selected ccmponsnis anc, if the projeci uses
more than one operating ceniiguration, <ontams rowtines :o
switch terveean Ciflerent sets of PSol black cenfigurations ot
ren sime. PSoC Cesigner can print sut a canfiguration sheest for
a grven proiect configuratdon or use Curing ecclication pro-
gremnzing in conjunction with the Qevice Daia Sheei. Once the
framework is generated. the user can acd applicalion-specific
coce 12 flesh aul the framesvark. It'e elso sossible to change the
seiecied cenipenenis and reganeraie the framenvork.

Design Browser

The Design Browser aliows users 1o select and imgont precan-
figured cegigns intc the vasr's sreject. Users can easity Lrowse
o cawalog of preconfigures desions to facilizaiz time-ic.Cesign,
Examples arevided in the jocls inctude o 200-beud modem. LIN
Bus master end sieve. fan coniroller, anZ magneiic card rander.

Agpplication Editor

In the Appiication Zencr you <an edit yeur C langubnge and
Assambly kanguage source code. Yeu can also assemble. ceni-
pile. link, and build.

Assembler. The nieero assemtler gllows the assernbly code
to be merged secmiless!y with C csde. The link libranes auto-
maiically use absolute cddressing or can e comgoied in relative
mode. ang linked with sther sofwars msdules 10 get abschuie
addressing.

C Language Compiler. A € larguage comgiler is avallohle
tha: supzons Cyzress MicroSysiems PSoC iomily devicsa.
Even ii ycu have never workec in the O languoge befcre, the
product cuickly allows you to creats comsleis C srograms for
the PSoC famiy cevices.

The emzecdec, opiimuzing ©© compiler provides all the fealures
of C iailorec ic the PScC architecture. It comes comzleie with
embadded tibrares providing son and bus ogerstions, standard
keysac and cisslay supcon, and extended math functioralily

Oebugger

The PSoC Cesigner Cebugger subsysiam provides harcvara
in-circuit enulation, allowing the designer to esi the srogram in
a physicdl sysiem while providing an intemal view of the PSoC
davice, Debugger commands oliow ihe designer io read ond
SISGram anc reac and wirite data memory, read and wrie 1O
regicters. read and write CPU registers, set ang clear break.
soints, and provide program run, hali, end step control. The
dezbugger also allews tha desigrer 10 creats 2 trace bufter of
registers ond niemory locaiions of interast.

Oniine Heid System

The onfine help system disploys online. context-sensitive help
icr the user. Designed for procedural and quick reference, each
furctioral subsysiem hos its own coniext-sensiiive help. This
sysiem alse provides tutosials and Enks w0 FAQOs ond an Online
Supsert Forum 1o aic the designar in getting slarted.

Hardware Tools

in-Circut Emutator

£ low cost. high functicnatity ICE {In-Circuit Emutaton is avail-
atle for devalopment support. This hardvsare has the cagahility
i progran single devices,

The emulaicr consists of a base unit that connects o ihe PT by
woy ¢f the paraliel or USE port. The base unit is universal and
wili ozerate wwith all PSoC devices. Emulation pods for each

#ce family are available separately, The emuiation poc takes
Me place of the PSoC device in the :arget board and perfornis
Wl szeed {24 MHZ) operation.
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Designing with User Modules

The develorment process for the PSoC cevice differs from that
of o radizional feeg funciion microprocessar. The configurablis
analog and digital harchware blocks give the PSoC archiizciure
a unizue fla ciilizy that pays dividerds in managing so24iicaticn
charge curing develosnment and &y lowering ventory cosie,
These configurable rescurces. called PSaC Blocks, hove the
abilty 3o impiement a wigs variety of user-se.ectable fenclicns.
Each bleck has severel registers that gasemsing its unctizn and
cennetivily 10 ciher Blocks, mukiplexsrs, tuses, anc o the IC
pins. lercive developmani CyLlas sermil y2u io agast the nard-
viere a3 vell as the sofhware. This substaniolly 1emmsrs the fick
tha: you il hove lo select a cifferent gart ¢ meet the final
design requiremanis.

Tz spesc the daveloament srceess. the P%al Designer Inte.
graied Develggmant Environmeni {1021 provices a librory of
pre-tasl:, pre-tested hardware pedipherol functions, catied “User
Kodules” User modules make selecting cnd imglementing
peripheral dewvices simple, and come in araleg. digiel, and
riiiad skynal varieties. The standard User hiodule brary con-
tains over 37 common geripherals such a4 ADCH, DACS Tim-
ers, Counters, UARTs, and other not-6¢ eammen penpherals
such a5 DTRF Generators and 3i-Cuad analeg fier sections.

Each user mocule esiabliches the basic regisier sedings that
implement the az2lscisd functicn, It aise provides parameters
that aliow you to ailor its crecise configuraton 10 ycur paricuiar
apslication. For examgle, a Fulse Vigkh Kadulator Yaer Mod-
vz configur2s orie or more cigital 355C Mocks ons for each 3
bits of resolution. The user mecule paremeters 2ermii you i
establish the pulse widih and duiy ¢yele. User mocules aloe
provide tested softvsare 1o cui your gevelopmens time. The ussr
Hodule agplicaion programming interface (A31} prewides high-
lave! functions 3 conirol and resacend t¢ hardware events at
ren-time. Tne 4P| also provices cpdoral interrups service rou-
tnas thas you can acapi as needsc.

The 471 funcions arz decumented in user moduls data sheeis
tha: are viewasd direcily inthe PSal Designzr ICE. Thege dats
shaets exglain the internal osaration of the user moduls end
provide serformance sp=2cifications. Each data sheet ceacribes
the use of edch user module saromeier and documents fis set-
ting of sach registzr csnwolled by the vser moduls,

The davelopmeni srocess siarie when you Spen a new project
and bring uz the Sevice Editor, a graphical usér inzerface (GUI;
for eenfiguring e hargware, You gick the user mocules you
read {af waur proiect and map then onto the FSoC klocks with
poin-ans-zlick simshicty. Haxt, you suitd signal ehains By inter-
connecing vssr medules io each sther ard ihe 1C £ins. At this
siage, you alse configure the clotk souice ¢onnecions and
enier parameter values cirectdy or by selecing »ues rom
drop-d>wh menus. Yynen you are ready 2 iesi ms hardwars
cenfiguration or move on (0 develcping coce ior ine project, you
perom the *Geheraie Azalicaticn” stes. This causes PSaC
Cesigner i generate source code that automasically eonfigures
the ¢evice 10 your spacificaiion ano provices the high-level usar
modele 271 functions.
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User Module and Source Code Development Flows

The next siep is to write your main program, ond eny sub-rou-
iines using PSoC Designer’s Application Ediior subsysiem.
The Application Editor includes o Project Menager that atlows
you 10 open ihe proiect source code files {inciuding all gener-
ateg cogde files) from a higrarchat viea, The scurce code ediior
srevices synlex coloring and advenced edi feaiurss for both C
ang assenbly languags. Fila search tagabifities include simzle
siring searches and recursive ‘grep-stvie” paitems. & single
mouse click invekas tha Buile Manager. it emgleys a orofes-
sienal-sirength "makefile” system 0 automatically anatyze oll
fila cepencencias and run the compzi'er and assembler as nec-
essary. Project-level options conyol cplimizalion siraiegies
usec Ly the comgiler and linker. Syntax ermors ore displdyed in
a cangoie wincow. Couble clicking the eror message 1akes you
directly ic the cflending line of source code. wwhen all ts cerrect
e linker bulics 0 KEX file imoge suitakle for programming.

The lasi sizg in the develogment process iakes place insive the

Y

soigner’s Debugger subsysiem. The Debugger Sown-
& AZX imnge 10 the In-Circuit Enulator (ICE) where it
runs Ul speed. Debugger capabilities nval these of sysiems
cosling many times more. In addiion io traditicnal singie-step,
run-io-reakpoint and waich-variable feanres, the Cebugger
crovices a large vace buiter and aflows you define complex
kreahsoint events that include monizoting address ond data bus
values, maniory locations ond e siernal signals,
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