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a 4 a4 >
UAZLBUNAYAYUIATIVUIINQN UMDY
2.1.4.3.2 MSPUIUUAIMIBATIVIS LD (Flat-top Sampling)

Wuinsquiisssuamazionldiiqa Taeldees S (Sampled-and-

Hold circuit) Tuzihi 2.6 (2) waz dyanadi Wonmsquuaastugah 2.7 o)

oy x, (D

) —»Ij c— a0 ﬂﬂlL”W ﬂ v

< 2 TS

(a) (b

11 2.7 msquuuusuSey

d
2.1.5 M3n10uIng (Quantizing)
o« A = o LY o
nsmeU NG Ao msfsuseauuswudiunszuums unsii

i v ) o ' o e v ' ' ' '
EIJ'Elpﬂl‘ﬁgﬂt’!ilLm’m1i]ﬂﬂq11ﬂ1u1u‘j$ﬁ“lj§ﬁtmwﬂﬂLﬂu‘ﬂ’N‘] Llﬁaz‘]jjﬁﬂzgﬂl!ﬂuﬂ1ﬁju
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2.1.5.1 p13neH Induvugiinesu (Uniform Quantizing)

o

o el < =g ¥ =
aszuIuMIAteu Induaaslugilh 2.8 Fusnzauualdueunagavesdygn

»
m@® gafideaeglusie (mm) uazaasiivzgruisesnilu L dau uAazdiuszivine
vomi (Step Site) 1
2m

A=t (2.6)
L

v
-

J = ° 9 ] a 4 ] a
Tauruweumagai ldninnisquaziin Tavlszuuasagansnaisvesrsnagali
2.8(a)
ot @ e o ] o o o =y
ﬂﬂl'ﬂﬂ'ﬂﬂwuﬁﬂQﬂ'J'lﬂﬂﬂwu'ﬁ '53"H'3NE]U‘V!TI-I.?)']“VW!TI'U'ENﬂ15ﬂ'Jﬂ‘lJ'l'ﬂcmﬂJ'Uguﬂﬂﬁdlluﬁﬂﬂ

Tugihi 2.8 )

Sampling times

bbby A :
sl )

——— Analog signal. a(1) -2 —

——-PAM signal, r = T, -4
—=—{Quantized PAM signal -6~
-8}

Qutput

Input voltage = x

317 2.8 m3neu nduuugiinesy
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P o o]

a_ o LY a ¥ o ooy
anuddgvesmalasdygnuegims Wdygyuataeafiunudygyusuiaonls

ar

TndRsannige wazldnalumsmlasioshige  mshswumudyguidlndfivedyy o

] ’ » * v 1
niiga Asaniassnuszdfvzunudyyraniuuiafige WiAsdwiudsh1Funsunu

" 9 4:‘ ' a e = d'o s [ 4 o c:o
ﬁngcgmﬂmmanmmmmﬁu'!:1]'!,ﬁ'"luinmumminnﬂmﬂmfuz'lﬂmmuszﬂv‘nm A

UL aaealumsan 2.1

H @ o o ' o = [ o
M1 2.1 uasateanuduius sz Iudanas szAUA19U g

DRITRITIL Suszdumeung
6 64
7 128
8 256
9 512
10 1,024
11 2,408
12 4,096
16 65,536

MIAANTNONDAT A IUTYYIUADTLAVUTIAUTUAIU ( S/N : Signal to Noise ratio)
a o aad o =y " o =
inannaou Ing lussuuAgion szeuisomuln1dTaoliauidu( S/N ) 1I99wa = (6 x n
+1769)Tas n @udounldunussdvaewIng  lunsdifisremouIndgnimualii
sTozvamINuUnUIIM SN Tundssadiva  finmsudsan lausuiuilnvesunazseaun

& & LYV 4 ’ o o, a1 ]
200 Ind Feagnruduiusszniedwauda dus SN Tumsen 2.2
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4 e w o t ° = [ 1
FI'I‘J'N;"I 2.2 ANMUAURUTISHITNNIUIUUA AUAT S/N

Snuiia 11 S/N (1A%La) : dB
6 37.76
7 43.76
8 49.76
9 55.76
10 61.76
11 67.76
12 73.76
16 97.76

Ty a3 unIuAiinaann3n28uIng (Quantizing Noise)

o

o o ' n.: o o
vinuanminleu mdeztui luduseunsulasdyapanduiludyau

swdensrni ifannuuandssnisdygunndeniduivdyy mewdsniutaindu

il1nﬁ'ﬂgmmﬁﬁﬂi)aé’ari‘.l'unﬁﬁﬂwamﬁnﬁm’fuaﬂﬁun'hﬂwﬁﬂwammnmau"lwf(Quamizing

error) H?ﬂﬁt}gﬂlﬂﬂﬁﬂﬂ’;ﬂﬂﬂﬂﬁﬂ’)ﬂﬂvl’n‘f‘ (Quantize noise)
Fyanasunmiidundaindudyauuuusudl (Random Signal) Wuderhims

o o oy ¥ ul 1 1 Q’&
Aana1nnInmineu Indiiniuludnyusgu (random) Tugaaiiudae fe

_A . <A 27

2 2

ag ¥ = Jd’:l = ; ¥ o1 [ = | 'Y 1
AUUA WMMTHARIADINNTANEU Il Tomafavu Tassnamuioudu lusis

A A

(—— ,— )runasMdsaosvomnanaInn1 1dein
2 2

o 1oan A (2.8
(a')=—[" q'dq =— )
A 12

unua A Tyaunis 2.6) luaunis (2.8) 1519z 181
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(2.9)

2
m
2 —
(q.)=—
iL
[ - J . . .
2.1.5.2 msmau‘lﬂmmumuquﬂaw (Non-uniform Quantizing)
L '

713591 Nonuniform Quantization U114 Taumsutlasdyanudinu it

waoulylu
o . M A o a Y [ A w =5 1 W o
dn¥e nonlinear AoNdyg g Idlimsvnodyyween luvazhidygrafigaogudan
vtutioy

¥
3 ar 1 ¥

» » 1l v
BunTuApuiiN Compressing ﬁmm}mmnuuﬁamum uniform quantizer Lﬁ’mﬂﬁumﬂu

dygnuaiasn  lunmundududenlasnduiiudyauneuzasnudrfesutlasdyanaundy
N » ¥ 3
Taomsvenofiasadwiuaouusn  Gonduaouiidl  Expanding  5au5onvuiunsime
4
nonuniform quantization HuUHM Companding

ﬁdgﬂﬁ 2.9 LAAINITN Companding

onipt
Inpur
_/l D Did |
x(n Uniform Digital Uniform ) 2
7 . . > i »| Expanding [ X0
—®|Compressing Onantizer Quentizer P ”
1]4 .
3uUN 2.9 Companding

W o o k3 a [ =
ANUTUNAUTVOITY Y IUV UV WA AYYIUVIODNYDINTT  compressing qaUuIn GERTRILEY

L7

Y =¥ v o dd '
Wulmmuduiuivdiniasgiueiaennasiuie  4aw  waspuglsduas  pelaw

v
o oo =S

wasguvesomInuasgulianuduiuidsanmsi 2.10 uag 2.11mud ey

In(1 + p|x[)

F (x)=
, (¥) =sgn(x) I+ 1)

(2.10)
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A(x)
Sgn(x)[1+lnA]
F = (2.11)
1+ 1nA|x\
) T A

2.1.6 MININa (Coding)

FusHA (Encoder) vimihiidludnldsunn ldnamsasew IndiiusWaiiug
wiuvedluu3 (Binary Sequence) tWerldouiludgygraiadimuzauiumsaddygyu

aa'ld sa luunIBnduuaasluglii 2.10

Code Quartizing mit)
number  level 4, P
7 3.5
B 2.3
5 1.3
4 0.3
t
3 0.5
2 -1.3
. 25
(] -3.5 ' :
4 ';..._.'r._.-....u,.ur ; . O
Sampied value 2.5 31 15 2.4 3.7
Quartized value 03 35 1.3 -2.5 -3.5
Code number 3 7 5 1 0
Binary code o1 111 101 001 009

1l 2.10 AFBwwuluus3 (Binary PCM)

o o 1

a as = 1 L] o L4
avudAlidgeu mo gnidanmeunagasdlugie -4 Taan 81 4 Trav vuavaes

)
» »
o o

o - = o w a0 a -1 Y] -
ad fe A fiauidu 1 Taad dufudmauszaunmsaleu Indvismuned 8 sedu fie -3.5
Taaa, 2.5 Taad, . +3.5 T2aa Teoimuald -3.5 Toad dsvandlu 0, -25 Taad Hsvadiu

y 1 o; & @ s @
TaliSeu q aud +3.5 Troa axdiaswanily 7 eswe o sxdiav Tuwididh ooo, s¥a 1 Sissiarlu

L

w13 001 TiliFau  wudassta 7 lisvaluuSdly 111 Tashvueuounigauos m() sxgnin

el

¥ 1 Y 9 [ 1 = 4:; = o ]
1“8g1ﬂ15ﬂ1]ﬁ19~1ﬂ15ﬂ'.19u1ﬂ‘ﬁﬂﬂﬂ1lﬂﬁlﬂﬂﬂﬂﬂﬂ1uﬂﬂﬂﬁgﬂﬂlﬂuﬁ)‘ﬂﬂ"lﬂ‘ﬂQR (Lﬂumﬁlﬂﬁ'ﬂ

[ L= a é}‘
Hlumsmen Inssalidyausunannintiu)
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(=) LY AA o
2.1.7 wuuaianlunsasdaanufidiey (PCM)
ag ¥ N g as o F
auudld L Aediuszauvesmsatou Ind 15z lan
L=2" n=log,L (2.12)
- N o d a4 2 o = . o EE-] 1
din n Aodmumuiidmuiofeduauin (Biy vesdygaluusadior lumsqu
1 4
1 ar s = s a 1 o
urnznis Sdgenadeyaiuiivuuiaddy  uasiisasimsduitu {2 {,) udrdmau
o e W daad - a t o= -~
finfi l¥dadyaa luui Az velisudu o f, indeduii

ag ¥ o A d a ﬂ Ag A o' e’ﬂ o A
auud Mdggrafdioy Tududygraanuddidivuuaianiu 2 {,.,, Tude

{737}

2fPCM =n f_-; (2.13)

3o foom =2f>af. (2.14)
2

o
=

o ’ = L [ o o (Y Y4
INTUNT (2.14) ilxmu'ﬂu‘l]u']ﬂﬂiuﬂ"lﬁﬂﬂﬂﬂgﬂ]ﬂ'}ﬂlﬁ‘ﬂ&ﬂﬂ WSYUHBINULUUIANYB
o " = v r : v = o' L% 3 - 3 Y
g udoyaraziwiuindensqu 1 afs winuuden lumsdsdygnafiuieduegiy

' w Ao d ]
ATUNUATVDITYUIUABDUUINN T

ar = =] -
2.2 NvvNsauaNuasInma-a (Class-D Amplifier)
2.2.1 umin
= = ﬂ e oaom a 2 = n’: -5
vsvnuduiaoa-d  uiseshlidszaniamlumsdhaugasalunenquiiiug
) o o T o oo = om o o A
Uszansnm 100 nledidud ualumaljiailsz@ninm 90 wesiruduazdaiidoddnraw
AN pIvmFIRM U THTINTeN 18 1wy Tvinaveanseavenudoni@nuazan
ssumMioud nanmnziunufideimshdueninaguazvuiaveunsesvswdugiu

ifn gz



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



19

Triangle | \L

——

-1

719 2.14 uamansuegamFanunieiad

231 viiaveamsuegraBinnunewad
ilaveansueganEinunaRadistrsouiwun W daanunii
snhuhmsuegeadudyusunm Feamnsouieen @il 3 via 1Aun
2.3.1.1 The Lead Edge Wunisadndyarunegnadniuniawad fflveu
vinsveswadudaziadesulsfunmuiavoedyau Tnoliszosvsenindyguiviag
YpLAATWATTIMINI Tnumsas"nﬁmuﬂunmﬁ'mmsﬂﬁﬂﬁlﬂumsﬁﬁmtymﬁuﬂnm
tﬂ?umﬁuur’fuﬁmqmw177;1Jmnm?;unﬁqzﬂﬁ 2.15 (a)

ar

2.3.1.2 The Tail Edge slumsafadygruvsgamdiniunhaiad fflveuw
y

»
=5

-
TUNYIVU

O

J Qs J o L4 L ] ' o

JuvesaduaasWadszmlsduamvnisvesdynu  Taoliszoevnsening
+ o e ) :: as H o ¥ °

YDAAATHAA LA I Taomsadndygradiznsoi @ laomsidy

Y IUBUNNLI
Wivusuiudyaumvjdammasudaguh 2.15 (b)
2.3.1.3 The Pulse Center (Symmetrical PWM) unisafadoynpuneganda
auniaRad filiszuzviavesguinancvoainazwadiinined laviieuoundyevesdynyiu
Suyniifganihdygiumd dygruhildnnnisuequaasziinnuniisiaduin uazidieusy
nigaveadygruduymiiadinhidygraumd  dygruhildsinmsueqaaieziinauniin
ar o é [ [ o d'd W o .’d’ 4;
yoawadasas dazdunaldnimsadudyaruveqaauuuiine: lawadnilumnnash
P ar Sy @ « n’/
phananvesdygnuii ldsinnsuedaa  (Uuassdyanuwiiiuy - muneniulduaas

wr0d B lugili 2.15 ©)
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{2)

T

-

(c)

Ui 2.15 dygnuntumnidmsunisuequmdinunavad

!
=
8
0
1
E
0
]
g
=4
g |
0 1] . N k] - ] .
OT 2T 4T 6T 8T 10T 12T 14T 16T 18T
JUN 2.16 (V) 1aAgUve3 The Lead Edge Modulation

(Na19) uaAIjUVed The Trail Edge Modulation

(i‘l"N) uﬁm;ﬂ-um The Pulse Center Modulation
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2.4 2393NTBIANINDH M (Low-Pass Filter)

ashweuiaruddru 114q wazimsaansudygmniiniugind

ANNAANBON (@ : Cut-off Frequency) 890 TauiFunduauanesninwen 1vkIuI 61

AIMUAHTY (Passband) M3BULUAIAS (BW : Bandwidth) 4997995 dauthuaimdn liveuls

' 4 - P
mu'lﬂﬂzﬁurmummmﬁmlﬂ (Stopband) 331N 2.17 (a) lﬂuﬂ1ﬂﬂﬂﬂﬂﬂﬁuﬂﬂﬂ’lﬂl‘u'Iﬂ‘ll?)ﬂ
3 p 3

v
o f

aesmdArIuuuugeund  Funamnsalsznuraneuauesi 141 n1995ns0e1dds

b.

51 2.17 () - (@)

[al b}

1 (3

et
B
]

@,
31 2.17 HANMITABUAUBIVDINTINTBIN WA

2.5 Tugafie13duual 2.4G (TRW-2.4G Module)

Tugafiord@uual 243 (TRW-24G Modute) Wulugadudagy Aamisanisiu-ds
Joyauuuoynsy Aronwdlugia 2.4 71 2.524 Snnzdda (GHz) Henveormaluds 1oy
luszoy 280 was (fsna1doyn 250 kbps) 520z 150 WAT (Fns19eyn 1Mbps) Tuftuii Taa
uds Snvauzmwizveslugafioriduudl 246
o AMNIOAMUATIINIWA 2.4 - 2,524 GHz
* -nﬂﬂmmmu?imﬂmﬁ if (GFSK : Gaussian Frequency Shift Keying)

e SaniMsdadieya : 1 Mbps
o Vhaiufiusadu 3 Tad
o Jwnyesdyniu 83 ¥09

e MAsMUEWINN : + 4 dBm
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UNN 3

nsaaNiud

.
Tnssnwilidenl¥lulasneuInsamesnszgawersidn (ARM) o3 LPC 2119 uay
(a3 LPC 2103 ﬁ1ﬂﬁ1ﬁﬂﬁzu'sawai’fﬂgmmzmmﬂun1'jﬁ1a1wmqwi§'mhﬁ'qgmu1m Wit
masuezdl IC wlasdygudasailueunfien (Digital-to- Analog Converter) 1103 cs4334
ﬁou‘ms%‘uﬁai’:’agaﬁmuéu Tassauiidon1d1995 TRW-2.4G Feiudaduaiudiy

AAUINYIUAIND 2.4 GHz

o

T
3.1 MIDAMVVNIITMATITY T
[V o o & o = = kd o
vz udygmdesowndenyy  Fedyasudviduynngauioudnsgminnulas ‘
Ayapuowdendiuataea  uar  Fimsulasdyguaieea 16 1n  Hedallds
NlasnouInsames wavidvuldsunsuaiuguaisdsdyanulasiuiasneuinsames &

TN 3.1

LPC2119 ////
T

Sound TRW-24G
ADGC |———] Microcontrolier — Transmitter |

317 3.1 udenlaozunsuvesmadadygu

3.1.1 mseenuuuisesvesdaanalulnsivumar 1905 veeFyanandaadunm
»
o 3 a9 a
m3senuuUIvoTedyanativ: 19eetusuilvuwdyauuvunduma (nverting
R 3 ar ar ¥ ar 4 & o o @
Amplifier) un29vsvuodg ol Ins Tusztlouusadu ity smomuiidenisuein ds

51 3.2 uazgUii 33

9
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Vce
10 kQSR1
10 uF 10 k2
MIC €
c1 IRZ
—0
3.3k0D +
R3

31 3.2 29esvnudgaaluTas Tru

Vout

311 3.3 2eesveredygroudesdunmn

3.1.2 NIIPBANLLNIIHNTNT YR I

]
o - o

MIpERILILNIHaNdy g eunes aedya e T Ins ududyanandosduymd

(3

#auiu Tz 1haesemlusuilwendugauuunduma dagili 3.4

10 uF 10 kQ
Vint
c1 R1
10 uF 10 kQ 10 kQ
VInz c : \L "’"" _‘"'.'
c R2 R3
Vout
3.3kQ2
R4

510 3.4 29sHaLdRy I
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3.1.3 ASZIIUNIIVEINVIMATITYA IR
= ¥ a &
A5E1IUNITRINNND9959zAURNA I I Insneu Insames Taosuainnisuilag
ar o e [ Ao a 1 ' a (]
wanwewmasniludiaea lavee lRsasguindmuasangrunnnimiudiduetiaios 2

Y10

3.2 MSSBNIULNDIMATUT I
1ssmasuefudyauenTRW-24G  Hidelin luTasnouInsamedniunuiinu
o o an o a_ o a ~a
warimanlasdgonudineadiueundenuazidygnuemdsn i uegaagnig
o ¥

9 o o A 9 = e = = o e ﬂ A a
ﬂ’]']ﬂ“ﬂff!ﬂﬂi?ﬂﬂﬁﬂluwu1ﬂ!ﬁlﬁﬁﬂll'ﬂHﬂ?']llﬂﬂQﬂ'] Uazninavnsasouiimasuiay e

HuAINFed e (LPF) oz didyanuesnd 1 Ing aagin 3.5

\% Spoaker

LPC2119

TRW-24G .
Recelver Microcontroller DAC Amp LPF

4 =] o oW
311 3.5 vaenlavzunsuveImAsUT YW

3.2.1 ASSUIUMINNINYEINIIMAT LT

o * ' ° -
nmsesnuuuansadisuiivuienlaesunsy madmiasnwiwy FIFO Wi wgn
14 -; - s r o d' L] v o« Qs
afreduTaomsdioulisunsusamsnuionauifegnoludluTasneuInsames  dsgl

36
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Tilsunsunan Tsupsudow

- USnsaumosSUdvos Timero
BuAY
I

fam Timer0
L] ¥
k 4 GRLLLE] R ) ADC

$19A1 ADC l

1uina: Buffer LUA MM pirw

i

ptrw = {ptrw + 1) mod 50

{ pond NN )

daveyanogly
Bufferl

aeveyatiegly
Buffer2

A o ] L4 ¢
317 3.6 uwudamaauveslu InsneuInsameininds

° o - : v o
nsmauvesesgnmuguaslulasneuTniowed  Tavezisunnmsaem’lng

L. Y ] a A

o . ot a o da | o ot '
wof1 (Timerl) 1HUdasINTNadmessUaMIAudas1quFuaIa Wolmssuunaina vl

Q L

<4 Y ' o o

o ! o : o < o o
Taveimsdouaslumisoniud afazvilumang udwaazndafl lnwesd1 Swasisla
1 9/ o ] o a Y s d’o [
vzomdeyaviim 1 lud ninwisoanus Uit 3.6 Taolidwys par Wudaddumialums
» 1 ’ ] ¥
gaazasy uasideyaniewld Tdwfeunlasmrunrhvesdygpunadhadeiulen

Tulnsneunsames Tavezlimsasnmeudnaueiniludeyaimoernluudmiali Tno



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



28

33 NM30NULL0IVEETYIADINDIT-A

» . ¥ L d N
diirerulvlunavsunedyorudenmia-fiufie  msifiansAamouvesdyiud

9 v d a o = a
uazlFaul8enramnlsedninm  2avsvoned q;'lmmuaﬂmﬂﬁhﬁmsmwmmmnqa

Tus2an21md 100 MHz 9 1 MHz Fadpenisgunsaifineuausinimia uaziaauge

TasnstinngiusuiMes (Subwoofer)

[ »
msuegaiinldluaesvowdygraduinaa-fiuie  msuesamdnimunii

e

ad (PWM : Pulse Width Modulation) Tagmisusquaaidenimuniavad tudumsads

. * v »
yy 1 Fmdonitinaudnids uanundsvesdyyiu (Duty Cycle) 1ulinluneda Tag

b e

[~

fud a d A se a - a a4 o
usynuy iyimﬂli]uﬂﬂ mu‘?auamm1m0uvmmmnwmﬂmn'ﬁu ﬂ‘]'lllﬂ‘a’N‘UUQfTﬂJOJ‘ImﬁﬂS

“'tcc-

vdunaz ez 1dwans s il mwtytywﬂuﬂﬂmmuwmanﬂm Faglfi 3.9

Class-D loud
Comparator muru:-ne- LPF -’-P speakar
systam

o4 it

!
|
ﬂvl W JALESREYE }_‘

Y ll e .'-' L

v ¥ 1: ".,_" RN

—
—

i of a
U 3.9 vaen'laszunsuresvnedygrunoan

3.3.1 pissenuLIoINBgaMTIAUNaWad
g o R 4 a ¥ o ]
TuTasanuilesnuuuiesvegmadaninuniadad Taudenld IC wWes LF3ISIN 9
witnulas 1011 vmdhiiduaesesadaanesmulandudyanuglammasudass
AMUE 48kHz uasnsnSoudondygrudunalu 1012 wavesdygiufionanacsiiy
dygrunsusgamdnnuniaiadewM) faplfl 300 dmdvddllvoodygaas

NNUBUUDFWUAZUN
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100 k 100 k

10uF

/|
H

JUuL

+
1C1/2

U7 3.10 2vsveguaBInnun Newad

3.22 M388NUDVIDTIVAING

[l
=1

4 o o o . . = o
TuTpssnuiidonldreesduunuios-uiay (H-Bridge Driver) #aiilnssadadagl

3.11 Tamdon1duemnla 1wes IRF540N Futluuemiaigd (Power MOSFET N-Channel)

PWM PWM

PWM PWM
Vis Vss

Ui 3.1 westud Tnawues-usad
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3.23 M1308NNUNDINTRININD
; 2 14 g 1 o ot
Tulassnuil @enl919950509AWDAIHIUEUATEDY (Second-Order LC-type Low-
. 3 o o o . 3
Pass Filter) 89nui Taglansdszuauuiniamesiioss (Butterworth Approximation) &4

apnuuuiiuaees1adegUfi 312

Lhaif
O Y Y O
+ +
V|n(S) C == Rs: vout(s)
o N o
Lhalf

317 3.12 2993n303RTMDMHIY

sl 312 Taedi L=2L ssmwsodowiufaddudwlon  (Transfer
. ywd"
Function) Tanail

1

His) = LC G.1)
2 s 1

O

RC LC

[

gi.; ] ar o ¢ Aa - = - [ =Y -1 -1
2995ATVINNWAMHULINTARBITNBI TANANNDAMBINN @_(151ABUABINIM) 2zl
o ] Y 4
HadFuoe Tou f9il
2
a)c

H(s)= (3.2)
s2 + @, \/Es + CL).:2

o

» 1) »
Tasenuiidenldniwdfinesd £, =25 kHz Taefi @, =275, , R =8 Teru uazan

] »
aumsi (3.1) uag (3.2) Amnumnvesglnsaiaien 1adail

C=—l  _056x10° F (3.3)

2V2rRf,

[~



31

V2R

L=2—:72x10‘6 H (3.4)
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dygnolafnudaeg i ldnduumusdusineemimashidiaes (v ¢ Root

Mean Square Voltage) nazfiaaunay (P,,, : average power) DIAFUNITH 4.1 Uae qUNSN 4.2

VP“P
Vims — {4.1)
22
Vi
Pavg =—— (4.2)
R

4.3.3 HaN1INAaN

M3af 4.1 wansnanssiauuiadyyiudeteunnuiaig

f;l: il (ﬁz) [ Iiﬂl‘.u'lﬂﬁq.,lq;"lmﬁﬁﬂﬂd |
) Voo o ] Ve P
10 8.20 2.90 1.05
20 8.48 3.00 1.125
30 8.59 3.04 1.155
40 8.45 2.99 1117
50 8.22 2.91 1.058
100 8.71 3.08 1.185
200 10.66 3.77 1.77
500 10.49 371 1.72
1k 8.37 2.96 1.09
2% 8.62 3.0 1.162
4x 8.79 3.1 1.209
6k 8.54 3.02 1.140
10k 8.59 3.04 1.155
20k 8.22 2.91 1.058
40k 8.71 3.08 1.185
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LPC2119/LPC2129

Single-chip 16/32-bit microcontrollers; 128/256 kB ISP/IAP
Fiash with 10-bit ADC and CAN

Rev. 03 — 22 December 2004 Product data

1. General description

2. Features

The LPC2119/LPC2129 are based on a 16/32 bit ARM7TDMI-S™ CPU with real-time
emulation and embedded trace support, together with 128/256 kilobytes (kB) of
embedded high speed flash memory. A 128-bit wide memory interface and a unique
accelerator architecture enable 32-bit code execution at maximum clock rate. For
critical code size applications, the altemative 16-bit Thumb® Mode reduces code by
more than 30 % with minimal performance penaity.

with their compact 64 pin package, low power consumption, various 32-bit timers,
4-channet 10-bit ADC, 2 advanced CAN channels, PWM channels and 46 GPIO lines
with up to 9 external interrupt pins these microcontrollers are particularly suitable for
automotive and industrial control applications as well as medical systems and
fault-ioleramt maintenance buses. With a wide range of additional serial
communications interfaces, they are also suited for communication gateways and
protocol converters as well as many other general-purpose applications.

2.1

Key features

W 16/32-bit ARM7TDMI-S microcontroller in a tiny LOFP64 package.

B 16 kB on-chip Static RAM.

W 128/256 kB on-chip Flash Program Memory. 128-bit wide interface/accelerator
enables high speed 60 MHz operation,

B In-System Programming {ISP) and In-Appfication Programming (IAP) via on-chip
boot-loader sofiware. Flash programming takes 1 ms per 512 byte line. Single
sector or full chip erase takes 400 ms,

B EmbeddedICE-RT interface enables breakpoints and watch points. Interrupt
service routines can continue to execute while the foreground task is debugged
with the on-chip RealMonitor™ software.

B Embedded Trace Macrocell enables non-intrusive high speed real-time tracing of

B Two interconnected CAN interfaces with advanced acceptance filters.

M Four channel 10-bit A/D converter with conversion time as low as 2.44 ps.

N Multiple serial interfaces including two UARTSs (16C550), Fast 12C (400 kbits/s)
and two SPis

B 60 MHz maximum CPU ciock available from programmable on-chip
Phase-Locked Loop with settling time of 100 ps.

B Vectored Intervupt Controller with configurable priorities and vector addresses.

B Two 32-bit timers {with four capture and four compare channels), PWM unit (six
outputs), Real Time Clock and Watchdog.

&  PHILIPS
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(1) When test/debug interface is used, GPIO/other function sharing these pins are not available.
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Phlllps Semiconductors LPC21 1 9/LPC21 29

Single-chip 16/32-bit microcontrollers

5.2 Pin description

Table 3:  Pin description

POOIPO31  19,21,22, UO Port 0: Ponuaaz-bm-dimmommommindmuammm
26, 27, controls for each bit. The operation of port O pins depends upon the pin
29-31, 33-35, function selected via the Pin Connect Block. Pins 26 and 31 of port 0 are not
37-39, 41, available,
4547, 53-55,
13,5, 9, 11,
13-15
P0.O 19 o) TxDO—TransmrﬂnrmtpmerAm’O
o] PWI1—PuIsaWideodulabrmnpm1
PpO1 21 I R0 — Receiver ir lnputerARTO '
o] PWM3 — Pulse Wiith Modulator output 3.
I EINTO — External interrugt O input
P02 22 Vo 'saulwdockmpumumomnmmput(briﬂcmm)
I CAPQ.0 - Capture input for Timer 0, channel 0.
FO3 26 Vo ' SM—FCdatamprbutOpendraﬂwtpLH(brFCcomkarm).
o] MAT0.0 — Match output for Timer 0, channel 0.
t EIH"I'1—E:demaImtarrupt1 input,
POA 14 o SCK0 — Serial clock for SPI0. SPI™ clack output from master of input to
siave.
! CAPO.1 — Capture input for Timer 0, channel 1. a
P0.5 29 vo MISO0 — Master in Stave OUT for SPI0. Data input to SP1 master or data
output from SP slave.
o) MATO.1 — Match output for Timer 0, channel 1.
P0.6 30 o * MOS0 — Master Out Slave In for SPI0. Data output from SP1 master or data
input to SPI1 slave.
i cAPo.z-.—Capmrahpmbrrmero channel 2.
P07 31 I SSELO — Slave Select for SPI0. SeledsmeSPImterﬁacaasaslava
o 'mz—mmwmummamz '
b ElHTZ-—-—ExtemaiA;ntLat;uptZInpuL
PO.6 a3 o TxD1 — Transmitter output for UART1.
o PW——PulaeW’vdﬂ’uModulabrwm4
POS 34 1 RxD1 — Receiver input for UART1.
o] Pwue—-Pulsewumuodulatomnpms
b EINT3 — Extarnal interrupt 3 input.
P0.10 35 (o} RTS1---RaquesltoSendom;merAm’1
] CAP1.0 — Capture input for Timer 1, channel 0.
G367 TS0 13148 @ Moninkdjie Philps Bleckonics M.V, 2004, M rights meverved.
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Philips Semiconductors

LPC2119/LPC2129

Single-chip 16/32-bit microcentrollers

Table 3:  Pin description...confinued
PO.11 37 I CTS'I—CIeartnSendmputerARﬁ
I CAP1.1 — Capture input for Timer 1, dlannaH
PO.12 - a8 1 DSR1—Data Set Ready input for UART1.
o MAT1.0 — Match output for Timer 1, channel 0.
PO.13 3 0 om1—nataTemna|Readyoutpmbrmm1
0 HAT1.1—Matd'|outp\nbrTimer1 channet 1.
PO.14 a1 | ncm-—DataCarrmDeteumpmiuMR‘r1
I EINT1 — External intarrupt 1 input. -
Note: LOW on this pin while RESET is LOW forces on-chip boot-loader to
take control of the part after reset.
PO15 45 T Rl1—R|nglnd|estormputtxUART1
| EIN'I'Z—-EnemallntalrupumpuL
PO.16 48 | EINTO— External interupt 0 input. -
o) MATO.2 — mwmhrmo chamnel 2.
I CAPO2 — Capture mni&t'r}rnro channel 2.
PO7 a7 i CAP1.2— Capmrempmbmmen channel 2.
o SCK1 — Serial Clock for SPI1. spldockwtpmfrunmastamnpmmlm
o MAT1.2 — Matchoutpmﬁfuién channel 2.
PO.18 53 | CAP1.3 — Capture input for Timer 1, channel 3.
vo MISO1 — Master In Stave Out for SPI1. Data input to SPJ master or data
output from SPI slave.
o) HAT13—Mald1wt;unh'Tm1 channel 3.
PO.19 54 o uATu—MatdmnpmbrTmnmmz
VO MOSH — Master Out Stave In for SP11. Data output from SP} master or data
mputlnSPlsiava
i CAP1.2 — Capb.lremputth'rneHd\annalz '
PO.20 85 o MAT1.3 — Matdmoutptﬂhrﬂnnﬂd‘mnew '
| SSEL1 — Slave Select for SPI1. Selet:lstheSPImterfaceasaslava
I EINT3 — Ektemaiintermptsmput
PO.24 1 o PWM5 — Puise Width Moduhbroutputs
I CAP1.3——CapturemputbrTmer1 channel 3.
PO.22 2 e CAP.0 — Capture input for Timer 0, channel 0.
+) MATD.0 — Match output for Timer 0, channel 0.
PO23 3 . RD2 — CAN2 recsiver input.
PO.24 5 0 TO2 — CAN2 transmitter output.
P0.25 39 0 7 RD!—C.ANHecetvernpm.
PO.27 11 T B AINO — A/D converter, mputo Thlsanalogmptmsalwayscomedadtorls
pm.
I CAP0.1 — Capture input for Timer 0, channed 1.
o MATO.1 — Match output for Timer 0, channel 1.
X7 750 Tyl © Newriwidifep Prifips MV, 2004 AR rights resarwed.
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Philips Semiconductors

LPC2119/LPC2129

Single-chip 16/32-bit microcontroliers

Table 3:  Pin description...continued

P0.28 13 | AIN1T — A/D converter, input 1. This analog input is always connected to its
pin.

I cm.z—capturenputbrrmero channel2.
o] MAT0.2 — Match output for Timer 0, channel 2.

P029 14 o AlN!—Achonvartarlnptfé.Thlsanabgmptnrsalwayscomncbdtorts
pln.

! CAPO.3 — Capturempmvori'mero Channel 3.
o] MATO.3 — Matdlouipmbr'l"mo channel 3.
P0.30 T 1 ANI— ADWM|W3 Thlsanabgmputlsahuaysoomeclodtoits
pin.
I EINTY — E)demahntatruptsmput_
i CAP0.0 — Capmresrmbrrmo channel 0.
PLOWPI31  16,12,8,4, 1O Port 1: Port 1 is a 32-bit bi-directional L port with individual direction

48, 44, 40, controls for each bit. The operation of port 1 pins depends upon the pin
36, 32, 28, function selectad via the Pin Connect Block. Pins 0 through 15 of port 1 are
24, 64, 60, not available.
56, 52, 20

P1.16 16 o) TRACEPKTO — Trace Packet, bit 0. Standard /0 port with intenal pull-up.

P17 12 o ) TRACEPI(‘T1-—frauePadteLblt1 Standard VO port with internal pull-up.

P1.18 8 o) TRACEPKT2 — Trace Packet, bit 2. Standard I/0 port with internal pull-up.

P1.19 4 o Tmspm—fmmpad:a.bn‘.s:ahdaru'uomnmmmmaquMp

P120 48 o TRACESYNC — Trace Synchronization. Standard /O port with intemal
pull-up.

Note: LOW on this pin while RESET is LOW, enables pins P1.25:16 1o
operate as Trace port after reset.

P1.21 44 o PIPESTATO — Pipeline Status, bit 0. Standard VO port with internal pull-up.

P122 40 o PIPESTAT1——-P|pel|ne Status bit 1. Standard VO port with internal pull—up

P1.23 36 o PIPESTAT2 — Pipeline Status, bit 2. Stamhdllommmmalpull-up.

P1.24 32 o) mmacm—rmcmsmmmmpmmmmtemalpun-up

P1.25 28 } EXTINO — Enemalrnggerlnputsmndarduomumeml pul-up.

P1.26 24 0 RTCK— Retumned Test Clock output. Extra signal added to the JTAG port.
Assists debugger synchronization when processor frequency varies.
Bi-directional pin with internal pull-up.

Note: LOW on this pin while RESET is LOW, enables pins P1.31:26 to
operate as Debug port after reset.

P1.27 64 o] TDO —- Test Data out for JTAG interface.

P128 60 i TOI — Test Data in for JTAG interface.

P1.29 56 ] TCK — Test Clock for JTAG interface.

P1.30 52 I TMS — Test Mode Select for JTAG mterface

P1.31 20 I TRST — Test Reset for JTAG ntefface

TO1 10 o) TD1 — CAN1 lransmﬂterwmut.

RESET 57 I External Reset input: A LOW on this pin resets the device, causing /O ports
and peripherals to take on their default states, and processor execution to
begin at address 0. TTL with hysteresis, 5 V tolerant

T 75D 138 © Koninkiie Philps 3 ich NV, 2004, Al vights remerved.
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Philips Semiconductors

LPC2119/LPC2129

Table 3:  Pin description...continued

Single-chip 16/32-bit microcontrollers

XTAL1 62 l inpmtomaomllab:l'mgnd intanaldod(gemratorcuwﬂs.

XTAL2 81 o Outpl.ltfromtheosuilamrampllﬁer

Ves  6,18,25,42, | Ground: 0 V reference.

50

Vssa 59 "t Analog Ground: 0V reference. This should nominally be the same voltage
asVss.butsmuldbelsolalndtommlnmmsaandsnor

Vssa_piL 58 I PLL Analog Ground: O V reference. This should nominally be the same
voltage as Vsgg, but should be isolated to minimize noise and error.

Vig 17,49 } 18VCorePowarSupplr1Tnsnsﬂnpmsupplyvoﬂagebrlmemal
circuitry.

Viuiy.' &3 i t Armlog18\l¢om?omr$upply Thlslsmepowarsupplyvoltagelbr
internal circuitry. This shouid be nominally the same voltage as Vg but should
be isolated to minimize noise and eror,

Vs 22,48.5 | asvmmswmbsﬂnmwpp‘yvuwagehrmeuom

Vaa 7 l Amloga.:!VPadPouer&lpply msslmldbemmnallymesam
voltage as V, but should be isolated to minimize noise and error.

067 750 13148 © Moninkifis Philips Elpts MY X004, Al rights.
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LF353
JFET-INPUT
DUAL OPERATIONAL AMPLIFIER

SLOS012B — MARCH 1887 — REVISED AUGUST 1994

Low Input Bias Current . . . 50 pA Typ D OR P PACKAGE
Low Input Noise Current (TOP VIEW)

0.01 pANHzZ Typ 10uUT ] 1 o 8{l Ve
® Low Input Noise Voltage . . . 18 nVNHZ Typ 1IN- [} 2 7fi 20uT
® [ow Supply Current. .. 3.6 mA Typ 1N+ {] 3 6] 2IN-
® High input Impedance . .. 1012 Q Typ Vee- [ 4 sflaN+
® Internally Trimmed Offset Voltage
® Gain Bandwidth...3 MHz Typ
® High Slew Rate . .. 13 Vius Typ

description

This device is a low-cost, high-speed, JFET-input operationaf amplifier with very low input offset voltage. It
requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In addition, the
matched high-voltage JFET input provides very low input bias and offset cuments.

The LF353 can be used in applications such as high-speed integrators, digital-to-analog converters,
sample-and-hold circuits, and many other circuits.

The LF353 is charactenzed for operation from 0°C to 70°C.

IN- ———F
ouT
Nt —— 14

symbol (each amplifier

AVAILABLE OPTIONS
v PACKAGE
Ta A.,.'o;s"“,c SMALL OUTLINE | PLASTIC DiP
(D) P)
0°C 10 70°C 10 mv LF353D LF353P

The D packages are available taped and eeled. Add the suffix R to the
device type (ie., LF353DR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPly VOIAGE, Vo0 4+ - v v e et it 18V
Supply voltage, Voo - -.. . e e e et a i ~18V
Differential inputvoltage, ViD ... ... oo et 30V
Input voltage, Vi (See NOtE 1) ... . i i it e ittt ee e anes 15V
Durationof output short circuit ... ... . ... e unlimited
Continuous total power dissipation ........... ... ... ... e i, 500 mW
Operating temperature ranmge ........ ... .. ittt et e 0°Cto 70°C
Storage temperature raNge . ........ .. e it —65°C to 150°C
Lead temperature 1,6 mm (1118 inch) fromcasefor 10seconds ...........coviieininnnnninnnn.. 260°C

NOTE 1: Unless otherwise specified, the absolute maxirum negative input voltage is equal to the negative power supply voltage.

L

PROGUCTION DATA indermatinn by coavamt d:ﬂnh Copyright & 1984, Texas Instrumerds incorporated
Prodeices confors o specilicalions per -:d Ierstrusatts H

standand oy F o procataing does not rily inchude

e TEXAS

INSTRUMENTS

POST OFFICE BOX 655301 ® DALLAS, TEXAS 75265 1



LF353
JFET-INPUT
DUAL OPERATIONAL AMPLIFIER

SLOS0128 — MARCH 1887 — REVISED AUGUST 1954
e e e e e sttt

recommended operating conditions

MIN MAX{ UNIT
Supply voltage, Ve + 35 8B Vv
Supply voltage, Vo — -35 -1i8 \

electrical characteristics over operating free-air temperature range, Veci = 15 V (unless
otherwise specified)

PARAMETER TEST CONDITIONS Tal MIN TYP MAX| UNIT
25°C 5 10
Vio Input offset voltage Vic =0, Rg = 10kQ Full range m mv
oo mt&wemmweﬁdaﬂoﬁnpuloﬂset Vig =0, Rg = 10kQ 10 AVPC
o input offset current? vic=0 ze 2 0] eA
70°C 4] nA
hs input bias current® vic=0 == 2 ! oA
70°C 8 nA
-12
ViCR Common-mode input voltage range N o \
15
VoM  Maximum peak output voltage swing Ry =10kQ 12 $135 v
MNp Large-signal differential voltage Vo =110V, R =2k 25°C e 100 Vimv
Fuif range 15
n Input resistance Ty=25C 1012 Q
CMRR  Common-moda rejection ratio Rg<10kQ 70 100 dB
ksyr  Supply-voltage rejection ratio See Note 2 70 100 dB
ice Supply cument 36 65| ma
T Full nge is 0°C to 70°C.

¥ Input blas aurrents of a FET-input operational amplifier are normal junction reverse cusments, which are temperature sensitive. Pulsa techniques
must be used that will maintain the junction temperatures as close to the ambient femperature as possible.
NOTE 2: Supply-voitage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

operating characteristics, Voo =315V, Tp =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| unm
VoiVgo  Crosstalk attentuation f=1kHz 120 dB
SR Slaw rate 8 13 Vius
B4 Unity-gain bandwidth 3 MHz
Vi Equivalent input nokse voltage f=1kHz, Rg=200 18 nVAHz
I Equivalent input noise current f=1 kHz 0.01 pANHz
E L _ ]

‘t’? TEXAS
INSTRUMENTS

2 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75285



LENESAS

HD74LS04 / HD74LS05

Hex Inverters / Hex inverters (with Open Coliector Outputs)

REJ03D0391-0300
Rev.3.00
Jul.13.2005
Features
s  Ordering Information
o HD74L.S04
Package Code Package Taping Abbreviation
Part Name Package Type (Previous Code) | Abbreviation | (Quantity)
HD74LS04P DILP-14 pin 7;:?2:\10"“3 B |p —
HDTALSO4FPEL | SOP-14 pin (JEITA) :;T,S'_ g 4000:\',')”’9 FP EL (2,000 pes/reel)
HD74LSO4RPEL | SOP-14 pin (JEDEC) ?gf y 4ODNV)WDE-A RP EL (2,500 pesireel)
o HD74L.S05
Package Code Package Taping Abbreviation
) PRDPOO14AB-B
HD74LS0SP DILP-14 pin (P 144% p —
: PRSPO0T4DF-B
HD7ALSOSFPEL | SOP-14pin WEITA) | (TP E FP EL (2,000 pes/reel)
. PRSPOO14DEA
HDTALSOSRPEL | SOP-14 pin (JEDEC) | (oot n i RP EL (2,500 pes/reel)

Note: Please consult the sales office for the above package availability.

Pin Arrangement

1A [1]

1Y {2

%E
—

3
.

13] ea
12] ey
[11] 5a
10] sy
9] 4a
8] ay

(Top view)

14] vee

Rev.3.00, Juk.13.2005, page 1 of5
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HD74L504 / HD74LS05

Circuit Schematic (1/6)

HD74LS04 HD74LS05
—aVee
:%Bk 75
Vee
8k
20k
Input
Input Output A Output
A Y Y
4.5k
oGND
o GND
Absolute Maximum Ratings
em Symbol Ratings Unit
Supply voitage Voc ™™ 7 v
Input voltage Vin 7 Vv
Power dissipation Py 400 mwW
Storage temperature Tsig —65 to +150 °C
Note: Voitage value, unless otherwise noted, are with respect to network ground terminal.
Recommended Operating Conditions
« HD74L 504
item Symbol Min Typ Max Unit
Supply voltage Veo 4.75 5.00 525 v
lo _— —_ —400 pA
Output current o - — 3 A
Operating temperature Topt -20 25 75 °C
» HD74L505
item Symbot Min Typ Max Unit
Supply voltage Veo 475 5.00 525 v
Output voltage Vou —_ — 55 Vv
Qutput current ioc — —_ 8 mA
Operating temperature Topr -20 25 75 °C

Rev.3.00, Jul.13.2005, page2 of 5
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HD74LS04 / HD74LS05

Electrical Characteristics

« HD74LS04
(Ta=-2010+75°C)
em Symbol min. typ.* max. Unit Condftion
Vi 20 e -— v
input voltage Vi — — 0.8 Y;
Vo 27 — — V| Voc=4.75V, Vi = 0.8 V, low = 400 pA
Outpit voltage — — 0.5 lo. = B mA =
V A V=475V, V=2V
Vou — — 0.4 oL=4mA | =© "
bn —_ —_ 20 BA | Vec=525V,Vi=27V
tnput cument b — — 04 mA | Vec=526V,Vi=04V
h -_— —_ 0.1 mA Vec =825V, Vi=7V
Short-circuit output » _ " =
cumrent los 20 100 mA | Vece=525V
locs - 12 24 mA | Vec=525V
Supply current lect = 36 68 | MA |Vec=525V
Input clamp voitage Vic — — 15 V | Vec=475V, In=—18 mA
Note: *Vcc=5V, Ta=25C
« HO74L.505
(Ta =20 to +75 °C)
Hom Symbol min. typ.* max. Unit Condition
Vin 20 —_ —_ Vv
input voitage Vi . — 0.8 v
— — 0.5 low = 8 MA _ -
Cutput voltage Voo — — 04 \' oL =4 A Vee =475V, V=2V
Quitput current o —_ —_ 100 pA Vec =475V, V=08V, Voa=55V
hn —_— — 2 RA Ve =528V V=27V
Input curent e _ —_ 0.4 mA Vec =525V, V=04V
k —_— —_— 1 mA Ve =525V V=7V
b — 12 24 mA Vec=5.25V
Supply cusrent oy — | 38 | 68 | mA V=525V
Input ciamp voitage Vik —_ 15 v Ve =475V, In=-13 mA
Note: *Vec=5V, Ta=25°C
Switching Characteristics
o HD74L.504
(Vec=5V,Ta=25°C)
tem Symbol min. typ. max Unit Condition
; . teLm — ) 15 ns _ -
Propagation delay time - — B 5 — CL=15pF,. Re=2KkD2
» HD74L.505
(Ve =5V, Ta=25°C)
tom Symbol min. typ. max Unit Condition
P ion delay time trn - 17 32 ns Cu =15 pF, R =2 k2
torn — 15 28 ns T

Note: Refer to Test Circuit and Wavefom of the Commeon Item "TTL Common Matter (Document No.. REJ27D0005-

0100)".

Rev.3.00, Jul.13.2005, page 3 of 5
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International Data Shest No. PDS0028-M

TIGR Rectifier IR2111(S) & (PbF)
HALF-BRIDGE DRIVER

Features Product Summary

: Fully op:am;ioﬁc_m +¢sou'\_fmr VOFFSET 600V max.

Jrpivistuini voteee lot- 200 mA/420 mA

® Gate drive supply range from 10 to 20V

® Undervoitage lockout for both channeis VouT 10 - 20v

& CMOS Schmitt-triggered inputs with pull-down

® Matched propagation delay for both channeis tonvoft (typ.) 750 & 150 ns

* Internally set deadtime

# High side output in phase with input Deadtime (typ.) 650 ns

® Also available LEAD-FREE

Description Packages

The IR2111(S) is a high voltage, high speed power
MOSFET and IGBT driver with dependent high and
low side referenced output channels designed for half-
bridge applications. Proprietary HVIC and latch
immune CMOS technoiogies enable ruggedized
monolithic construction. Logic input is compatible with
standard CMOS outputs. The output drivers feature a
high pulse curment buffer stage designed for minimum
driver cross-conduction. Intermal deadtime is provided 8-Lead PDIP
to avoid shoot-through in the output haif-bridge. The
floating channel can be used to drive an N-channel
power MOSFET or IGBT in the high side configuration which operates up to 600 volts.

Typical Connection

- 10 800V

g
. s 41
- Vec Va -
IN HO T
1LO
- &

-

{Refer to L sad Assignments for cosmect pin configuration). This/Theses diagrian(s) show slectrical conneciions
only. Pleass refer to our Applicalion Noles and DasignTips for proper cireuit boerd leyout

oy
"
bl
Fa

AT}

www.irf.com 1



IR2111(S)&(PbF) Infernational

TR Rectifier

Absolute Maximum Ratings
etors are absolute voltages referenced fo COM. The thermal resistance and power dissipation ratings are measured
under board mounted and stll air conditions. Additional information is shown in figures 7 through 10.

mbol Definition Min. Max. Units
Ve High side floating supply voltage 0.3 825
Vs High side floating supply offset voltage Vg- 25 Vg+03
VHO High side floating output voltage Vg-03 Vg+03
Vee Low side and logic fixed supply voitage 03 25 v
vVio Low side output voltage 03 Voo + 03
Vin Logic input voltage 03 Vec + 0.3
dVgidt | Allowable offset supply voltage transient (figure 2) - 50 Vins
Pp Packege power dissipation @ Ta < +25°C (8 Lead PDIF) — 10
(8 lead SOIC) — 0.625 w
Rihua Thermal resistance, junction to amblent (8 lead PDIP) - 125 -
{8 lead SOIC) — 200
T Junction temperature — 150
Ts Storage temperature -55 150 ‘c
T Lead temperature (soidering, 10 seconds) — 300

Recommended Operating Conditions

The input/ociiput logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommendead conditions. The Vs offsot rating is lested with all supplies biased at 15V differential.

Symbol | Definition Min. Max. Units

Va High side floating supply absolute voltage Vs+10 Vg +20

Vg High side floating supply offset voitage Nota 1 600

Vo High side floating output voltage Vs vp v
Vce Low side and logic foxad supply voltage 10 20

VLo Low side oulput voltage 0 Vee

ViN Logic input voltage 0 Voo

Ta Ambient femperature 40 125 <

Note 1: Logic operational for Vs of -5 1o +800V. Logic etate heid for Vg of -5V to -Vps. (Please refer to the Design Tip
DT97-3 for more details).

2 www.irf.com



infernational
ISR Rectifier

Dynamic Electrical Characteristics

IR2111(S)&(PbF)

Vaias (Vee. Ves) = 15V, C = 1000 pF and Ta = 25°C unless otherwise spacified. The dynamic elecirical characieristics

are measured using the test circuit shown in figure 3.

bol| Definition Min. { Typ. | Max.| Units [Test Conditions

ton Tum-on propagation delay 550 750 | B850 Vg = OV

toff Tum-off propagation delay — | 150 | 180 Vg = 500V

t Tum-on rise time - 80 | 130

Y Tum-off toll time — ol ™

or Deadtime, LS tum-off o HS tum-on & 480 | 850 | 820

HS turm-off o LS tum-on
MT Delay matching, HS & LS tum-on/off — 3¢ o

Static Electrical Characteristics

Veias (Vco. Ves) = 15V and T = 25°C unless ctherwise spacified. The Vi, V4 and IiN parameters are referenced to
COM. The Vo and Ig pasrameters are referenced to COM and are applicable io the respeciive output leads: HO or LO.

| Symbol| _Definition Min. | Typ. | Max.] Units [Test Conditions|
ViH Logic “1” inpd voliage for HO & logic 0" for LO 64 | — | — Vee = 10V
as | — | ~ Vee = 15V
12| — | — Ve = 20V
Vi Logic “0” input voltage for HO & logic “1” for LO — ] — ]3] Vv Vee = 10V
—{ — [ aa Vee = 15V
- —_ 8.3 Voo = 20V
VoH High level output voltage, Vaias - Vo —_ —_ 100 io=0A
VoL | Low level output voltage, Vo — | — 100 ™ lo = 0A
WK Offset supply leakage cument — - 50 Vg = Vg = 600V
lgps | Quiescent Vps supply cumrent — | 50 | 100 Vin= 0V or Voo
locc | Quiescent Vg supply current — | 70 ] 180} pa | Vin=OVorvee
[ Logic “1” input bias current — | ] 50 Vin=Vee
i~ Logic “0" input blas cumrent — | -1 10 Vin = OV
Vasuvs | Vis supply undervoltage positive going threshold | 7.6 | 86 | 98
Vesuv- | Vas supply undervoltage negative going threshold 72 8.2 92 v
Veeuvs | Voo supply undervoltage positive going threshold | 78 | 86 | 98
Veewv- | Viee supply undervoltage negative going tweshold | 72 | 82 | @2
o+ Otput high short drasit pudsed cusrent 20 | 250 | — Vo=V, Vin= Ve
mA PW<10 s
lo- Output low short circuit pulsed cusment 420 [ 500 | — Vo = 15V, Vigy= OV
PW<10 s

www.irf. com



& (PbF International
IR2111(S)&(PbF) ISR Rectifier
Functional Block Diagram
| = T
| " IEE_CTJ‘“: 3 !
! oA LA 5 Im
' PULSE E ‘
'; = } Y
w T@: oetcr . — e
= i
E - ;>o{: o
1
| DEAD 1
I TIME t
| ; 14 cou
i = 1
e e e e e e e e e e e e e e e t
Lead Definitions
Symboll Description
IN Logic input for high side and low side gate driver outputs (HO & LO), in phase with HO
Va High side floating supply
HO High side gate drive output
Vs High side floating supply retum
Vce Low side and logic fixed supply
Lo Low side gate drive output
COM Low side return
Lead Assignments
L] vee ~ 2] [1]vee ~ wis
Z]w 7] [=]w wo [7
[=] com o] [=] com v o]
]w 5] []wo 5 ]
8 Lead DIP 8 Lead SOIC
iR2111 IR21118

Part Number

www.irf.com



IR2111(S)&(PbF)

Infernational
Iom Rectifier

Veg = 1

IN

HO

LO

e
Lnula \
of Tof 2
T — ﬁ*F+2 >
) 3
7 i"lm 'aém
H wm W

50% 50%
IN
80% Lo/ JHO
Ho 1“ 10%
DT MY mT
LO 80% 20%
10% LO HO
Figure 5 Deadtime Waveform Definitiona Figure 6. Delay Matching Waveform Definkions

www.irf.com



PD-91341B

International
ISR Rectifier IRF540N
HEXFET® Power MOSFET
e Advanced Process Technology D
e Ultra Low On-Resistance Vbss = 100V
e Dynamic dv/dt Rating
e 175°C Operating Temperature Rpson) = 44mQ2
o Fast Switching G
e Fuily Avalanche Rated Ip = 33A
s
Description

Advanced HEXFET® Power MOSFETs from Intemational
Rectifier utiize ad A inq tachns toachs
extremely low on-resistance per silicort area. This benefit,
devico design that HEXFET power MOSFETs are well Wi
known for, provides the designer with an extremely efficiont ‘
NN

and reftable device for use in a wide varlety of applications.

The TO-220 package is universally preferred for af
iakindustrial applications at dissipath

leveals to approximately 50 waits. The low thermal

resistance and low package cost of the TO-220 contribute TO-220A8
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units

o @ Tc=25'C | Coninuous Drain Current, Vgg @ 10V 33
o @ Tc = 100°C] Continuous Drain Current, Vgs @ 10V 23 A
™ Puised Drain Currert O 110
Po@Tc=25°C Power Dissipation 130 w

Linear Derating Factor 6.87 wrc
Vs Gate-to-Source Voltage +20 v
Tar Avalanche Curen® 16 A
Ear Repetitive Avalanche Energy® 13 mJ
dv/dt Peak Diode Recovery dvidt @ 7.0 Vins
T, Operating Junction and 55 to+175
 Targ Storage Temperature Range ¢

Soldering Temperahire, for 10 seconds 300 (1.6mm from case }

Mounting forque, 6-32 or M3 stew 10 Ibfin (1. 1N-m)
Thermal Resistance

Parameter Typ. Max. Units

Rasx Junction-to-Case [ 1.15
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_ "W
Rau Junction-to-Ambient j— 62
www.irf.com 1
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IRF540N International
TR Rectifier
Electrical Characteristics @ T, = 25°C (uniess otherwise specified)
Parameter Min. | Typ.| Max. {units Conditions
Vigross Drain-to-Source Breakdown Voltage 100 | =—] ~— | V | Vgs =0V, ip = 250pA
AVprpes/AT, | Breakdown Voltage Temp. Coeffiden | — | 0.12| — | V/°C | Reference 10 25°C, Ip = 1mA
Rorston) Stabc Drain-to-Source On-Resistance | — | — | 44 | m3 | Vos = 10V, b= 16A @
Vesin) Gato Threshold Voltage 20 | — | 40 | V | Vos = Vs, Ip = 250pA
O Forward Transconductance 21 —_— S | Vps =50V, Ip= 16A®
Curent — 12 Vps = 100V, Ves =0V
loss Drairvto-Sowe Leekage — | —| 250 A Vps = 80V, Vgs = 0V, T; = 150°C
lsss Gate-to-Source Forward Leakage —_— ] = 100 nA Vas = 20V
Gate-to-Source Reverse Leakagoe — 1 —1|-100 Vs = -20V
Q, Totat Gake Charge — | —{ 7 lp = 16A
Qgs Gato-i0-Sowrce Charge — | ——] 14 | nC | Vpg =80V
Qya Gate-to-Drain (-Miier) Charge — =1 2 Vas = 10V, See Fig. 6 and 13
| taomy Turm-On Delay Time —_— 1 11— Voo = 50V
t Rise Time —_ | 35 | — na lo = 16A
Torom Tum-ON Delay Time —Tw = Rg=510
) Fall Time —] 35 | — Vas =10V, See Fig. 10 @
. Between load,
Lo intomal Drain Inductance — | 45| — s | 6mm 025m) @
from package
Lg Infermal Saurce Inductance — 75| — and center of die contact !
Cias Input Capacitance — 1960 — Vgs =0V
Com Quiput Capacitance — | 250 — Vps = 25V
Cras Revorse Transfer Capacitance — | 40 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ — [7000]185® | mJd | lag=16A, L =1.5mH
Source-Drain Ratings and Characteristics
Paramotor Min. | Typ.| Max. | Unite Conditions
Is Continuos Source Current ™ MOSFET symbol B
(Bocly Diode} A showing the
Iout Puised Source Current 11 110 integral reverse L
(Body Diode)D p-n jnclion diode. s
Vso Diode Forwand Voitage —_l—] 12 V | Ty=25C,I15=16A, Vgs =0V D
tr Reverse Recovery Time — | 115 170 | ns | T)=25C, I = 16A
Qn Reverse Recovesry Chaige —1505{ 760 {| nC | diidt= 100Aus @
ton Forward Tum-On Time Inkrinsic tum-on me is negligible fum-on is dominaled by Lg+ip)
Notes:

@ Repetitive rating: pulse width Bmited by

D 1gn S 16A, ditdt < 340A/pS, Viop € Visrypss.

max. junction temperature, (See fig. 11)
@ Staring T, = 25°C, L =1.5mH
Rg = 2501, Ixg = 18A. (See Figure 12)

Tys175°C
@ Puise width < 400us; duly cycle < 2%.

© Thia is a typical value at device destruction and represents

operation outside ratad limits.

® This Is a calculated value limited to Ty = 175°C .

www_irf.com
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