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Development of a Portable Measurement device using Pocket PC

Korbkiet Hutakovida
Sakkayod Sittsikornkul

Suthinun Maikoopandin

Chanatip Chaidilokpatanakul Advisor

Abstract

Vibration is the cause of damage to machines. Vibration analysis can be used to help maintain
machines before damages occur. But vibration analyzer is costly. So this project is to study and develop a
low-priced vibration analyzer that can process signals and display them on a Pocket PC. The Principle is to
obtain input signal from a function generator that produces time domain signals and then convert them from
analog to digital. Applying sampling theorem to send the signal a Pocket PC via serial port (RS-232), the
signal from time domain is transferred to frequency domain using Fast Fourier Transform (FFT). A graph
spectrum and the peak frequency are shown on the Pocket PC. This project focuses on studying and
developing a vibration analyzer with hopes that it will provide a basic guideline for the development of other

measurement devices.
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PX0  mnuadwuadwd iy lumsaeuauesredygiudumessidvesndwes o

@

+ ynoing a1 ludefidmmuadiduanuddyvesdyaudunessddudazsia wimiu |

5]

=2 o YA o @ o_ o y o_ @ o'
winofsimualiidduanud iy g mindlu o Amualiianudidyd
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2.4.10 nguMdsly MCS-51

' '
o o w

Hq ¥ e - Y o a A q
1ﬁQVI1‘Iﬂﬂ’]Uﬂ1]ﬂ'l‘5ﬂN]M°Uf‘N MCS-51 4 2 yJszinnae f”ﬂﬁﬁ mmimagammmuﬂmwaiw
¥

Do

v A aad

9 4 o o o Aa v
T8nadns  uaziideiilidomidoyaduiiuns  mdsfideamsdoyarzdesiisunsdhiadoya’ld
v
v

ad
Na1uITAIU

ag Yy K2 9 o i
IMsnasveualuiids

LY

y . .
afoyalauasi(Direct addressing)

v v ) .
19 gaiﬂﬂaau( Indirect addressing)

o @

- i deyaluiTanesimwizuedafida(Register-specific instruction)

v
v A9 a

=3
)
oo 3
)
aa Y 2 v aa 7q ¥ o X : ;
- FimsdfedeyalusTames 15 lu(Register instruction)
3 X
)
=1
)
2 g Aa 5
mwagamm‘nm&m(lndexed addressing)
9y

mmwayaw?ahzﬂas’uiuﬁ(operand) 19835 lumsidhdsdeyalulonlos

Do
e |
=N
=
3.
o
ee
—
)]
Lo
==D.
Se

' °

usud 1d3TE el Tusumddaride sazBoare It Msidneyavesleiles usudua

- 4hH 22 I —— ‘ o
2.4.10.1 I5NISLVIDIVBYALAUAII(Direct addressing)

Fudt smuadumdamiieanusi lasasslus1dwSnamizsanusmansadiavald

b
ad

v o o [ =1 @ a a [ °
Taodtdiumivanuidmiusadudeyaia lumelusduSon 128 ludusn uazmibeanud
o v o SRy L a o ' o o v o 9 A a (dqYd aa 4
dmSudanudeyanegnioventl sawnmilsanudidimsunudeyanedaslurlnlusmaes

aq ¥
AlFauamg

2.4.10.2 35mM31inDvpyal apdon(Indirect addressing)
ad g R 49 Yy ' o [ [ ° (] aa o @
Juitmsdiedeyalagniden  Tavadwmntamizsnnudinzed UG dmaesmnizu1a
ﬁuﬁa“"ﬁﬁﬂ "hfﬂ1‘1145%amaimumwummwmammm wmamm'ommmmhaﬁmsLﬂnmuuuu
YA [ °o_ o [ yag 9y @ a J 1 s w ' °
1&de ‘ﬁmaﬂ3mmmm‘u‘I‘xsmmagam"lﬂumm 128 ludars uaz 128 luduu uasianiigausn
o v o 9 a ' a aa P ° 9 @ ;e [ [ o
dmSunudeyanegniouansi S3quaes naus o e IFdudiFs wriwe miieanud
v
fage 1l
-S3maes 1¥una i) RO.RT YBABZAGY
-S3maes 1Fum Iz SP (Stack pointer)
aa /9 9 ‘
-53emAes 1¥umW 1z DPTR (Data pointer)
Jad Yy KX Y kY dyaa sa g L) [ ' ° 9 4'
msl¥itidhdadeyalasdonil STamasinumdumtaniioanud szdeszyniesnuiy @
vy Y o w '
1ATan dadieona
MOV A,@R0
MOV X@DPTR,A



2.4.10.3 Fmsindedoyalusdmaes1¥aruinalu(Register instruction)

9y a9 ' a 79 ¥ o ' 1 aa I A Y
Yoyandeamszegiuiicmes 1Faunill Ro-R7 vewdaznguiTamesngmidenldauly

Y

::’ ) a =1 1 Aa o’d’ A 3/ a
wauztiu Tavlumsinuei e Siigezastadeunqgus dmaes ngnidenIdauainia RSO,RS

A a ¢ W s e 2 e 4
2.4.10.4 ’J'idiﬂﬁ!‘i’l’]ad‘i‘llmjﬂu%ﬂmﬂi’)im‘wwmmﬂ]mZN(Reglster-speleic instruction)

u

v
o o

Midawndies  Mcs-s1 ezsyyBudridesduiumsiudeyalusimassdala

ACCUMULATOR

'
o

v v 9
DPSR , SP aauuluswad1da(opcode) voaidadszinnil Mcs-51 vdioaldndestszuana
v

=Y s q Y Ao @ a vdyﬁ 19 o ' aa L4 9 o o
AUIITADIAI LA AUV AUAT Luﬂquum"lmawaﬂmu‘;‘im@umﬁ%’c’.maﬁﬂmwwwwmﬁa* 159

q

281919 13U
MOV A fdata

MOVE DPTR #data

]
o_ o

E4
nindediilm hisuludeweydumisanveiiames A,DPTR lusiadidevesdidarianes

"o 1 a 3 o P—
unedala s MCS-51 ‘031’15'I‘UL@Q'NLIJH%{ﬂﬁLﬁa;ﬂﬂﬁﬂﬂﬂWﬂiﬁﬁ%aﬂﬂTﬁﬁ

2.4.10.5 IEmanasenaiimnuaedlagnss(immediate constant)

ﬂ ° Ja Yo 9 S o oo ' o v o o
L uﬂ‘ﬁﬂ’]‘ﬂuﬂﬂ'ﬁl'ﬂy‘ﬁiﬂﬂUﬂ'lﬁQIﬂUﬁiQ “ll@ialawu'lll’lﬂizu'JaWﬂiuﬂWﬁﬂ ﬂx@gﬁaﬁiﬁﬁﬂ']ﬁﬂ

9 v
% Y 9

s g ¥ A& 9 '
mu%meﬂ‘mmamma # ILYUUIVIYANABINIT YU

u

MOV A #100

Y v (%

2.4.10.6 35M319199903aN N1 501984(Indexed addressing)

v
£y ~ [} o

v das v = ' s o & a
magamﬁmsammuuwﬁuﬂjanawaﬂiuﬁmﬂmmm mmumﬂﬂmnsuma‘lu NI

a Vi 4 4 ' g
mevenFiviniy gelszasdvesmsdideyaunnil  T1AMelFlumsdanimdeyaiiful3lu

Y]
.

' oo W & 9 ' 9 1w o o & dg 9
wisanusdmsuTlsunsy Fedeyary ligyme udee Liivdinu lumsiauvesmideildiums
Yy Qdd’, 9 aa g9 ¥ =) o ' aa 4 A dy v o v
919951 92 1¥A1vUe 9T a1A0s 19 URNIZ DPTR 1150 PC unsandum lusvadmes A mam"lﬂmmmm

k4
9 v o

' ) o o & o 9 ' aa Pl 9
vosreauidmsuny Tsunsudunudeyalsd  duiuaiiames lumsldaunwmiz DPTR,PC
9 a ) "9 [ o ] ac 9 Ay [l ' aa 4

vdesisuidudumisduveamizoanuiiduinudeyaiidesns dwawesimaes A iy
o A 9 d‘ 1 ] o (] -
Andendeyanagluniiienudl iy

MOVC A,@A+DPTR

MOVC A,@A+PC

a 9 a g Qddyw aq Y 1 o M o @ o

ANwesIMsdddoyadsidllslunguidintugudrdunmsiaueeslsunsy  Taoms
o o Y 3 o d'u . ) I3 d’? =t 1 ) (] [ K
Jaru I 1sunsunselaadu ldihauidumislag  Tunmiisanudidgaisdumdaniiunus mwves
J aa Iq 9 v aa 4 o @ [} 1 dy
a1 lusSTmmes 19umn1z DPTR fuSTaines A dedet1ane 1

JMP @A+DPTR
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- 9 g
2.5 nqufalaasuuauninum
o " A Py . J o a 4?’ n
aIn (Signal) UAL/HUIB #9A%U (Function) 9114 9 mﬂﬂmucluﬂagmmﬂmﬂmw (Physical
- o =t < o "
problem) I,Lm:ﬂilluﬁW]N’Jﬁ’JﬂiiiJ (Engineering problem) fnazduiladsuduay (Periodic function)
& /o = Y & ¢ o o ¢ ¢ o &
Feflsfdumariausounulfedlumeunsennivesilsidumuvesdyana lsiuazlaland il
9y k4 .
udrdyanasisaeziinnuddguiamszdudyanaiugudmsuldlunsinsandyyiuoug
> . . Y, 7 ¢ da . a
uazdaii lumsunundazmenvesounsy  (Series) Adoflandulaniuaz In lnlifeduTaouuinnuda
@ a 4 Y a J o P . B o A 1:-41 = a 2 s
vouinHdnduaziinadinmans K uaaye Joseph Fourier Astimaiunusaunudusonilandu
@ W el a 2 f . & a o a AL e v
AIna1IiI ounsuyiSes  (Fourier series)  d9aunsuyisosidumilownseatieduniianiuly

@ o a V4
]

Léfs‘.}Liﬁg'ﬁ“.‘:ﬂ‘:N ] LU LLf’fﬂ@gﬁn%ﬂauwuﬁb.m@ (Ordinary differential equation) UATHUMIIFIDYWUD

]

R (Partail differential equation) Lm:anmsﬁaauﬁuféaﬂ (Partial differential equation)

2.5.1 ﬁﬁwsﬂumu (Periodic Function)

o ' ) y o 1 a ()
Hadtudumy - 7(x) Seahiladduflinuasusey 7 & 7 WuaSedawas ladwiiu

f(x+T)=f(x) AnBnANNA1 X 1)

lead 9

%1 T Aemuasusouvesilaidu f(x) u sinx uaz cosx AuAmUATUIBUWIAY 27
Ax)

311 2.24 naasiladsanduaiy

a o o Yo Ao ' a2 o w
aunsh (1) wazgil 224 smulaidyaaniauasuseusint 7 winadusiiulugn
b4
' v W a ° <1 °
qames 7 auiud n Wudaevinnwduaunsasimua
f(x+nT)= f(x) ARDANNA1 X Q)
9

' v 14 9
Wiud nT = 2T 3T AT, umuvesileddu  dsdyanazifaiudsiiuamiuiusou

S A

cos 2x
Al N A e

sinx sin 2x sin 3x

= '
Higmuel

U7 225 Fygyru (i) Tnivazlalsnifinuasuseuniiy 2z
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sinx sin2x  sin3x
n=2n=1)

n=|
\

__l Y

1Ui 2.26 dygalnifersTudn n=12 uaz 3

d aa ,
252 E)Hﬂim{jﬁﬂiﬂgiﬂmuﬂ (Trigonometric Fourier Series)
vinluiden 12 1 dnswa  sinmxe waz  cosax  HAdieaasatiaiivua
b A ' ; ' % 2 M
(xg5%, +T)&ullo n=0 1 sinmx =0 ud cosmx = | mazagiud f(x) Wuilsdaulaq 3
9 I n’: a a d? (] Y o dyd
ansounulieglumewvesiladsuimusifadunaenti (x,,x, +T) 1ddaiide
f(x)=a,+a,cosx+a, cos2x +..+a,cosnx+..+b sinx+b,sin2x+...+5 sinnx+.. (1)

e (xo <x <A FT)

auash ) munsodouldedlustnauan 188 fas
[ee}
f(xX)=ay+ Z:(a0 +a, cosnx + b, sinnx) )
n=1
1
ay==—[ f(x)ds 3)
27 -7
1
a,E=— f S (x)cosnxdx (4)
7z' V4
1 ;
b, =— [' f(x)sin nxdx (5)
7[ T
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L9
[ 82 83
<< -
i / ~_~- \\
s
’ \
G B i), S
B 7 "
~_~ LN} { X
-
N 4
—sin5Sx
-k ~

U 227 uaaamsunuilandugUamasudioiladau lminaz Tnland

sunsuyiSei Ty Flumsuddamiluniadennssy Taona lungufveseunsuyfiSosee

' Y v g ' ' ' ° ¥y & a g TR v '
fAoutisgenndudeu udvzdiedensiunld  Feeynsuyisesihllid1Ans q Tundendieynsum
L4 y Z d’l ; a va = Y @ s [~ _ :
1@es  (Talor series) feHmsIzURAT Iumaliinezinodesiuiledsulidluay  (Nonperiodic

; o oy A y i ’ : ¢ o o
function) uaz/m3Ieilaiduludeios (Discontinue function) Fsoynsuyi§osansarihll1¥ldvaaes

=)
NIl
g4 da g . ..
2.5.3 agmuﬂssaswwau (Complex Form of Fourier Series)
by 2 . 4 1t 4o ol
Tumstheynsuys ssunidsmdm Ingiineadums du ?wf"w’.zmﬁaamuagﬂsmggsas g
1 o = a3 3 v o < a
8¢ lumeuveuens InuwFuaiFdou (complex exponential) auu%’amﬁami‘wmsmmm

Y

eynsuiliSesniiamuasusen £(x) 1aq anaunsii @) luraden 252 14

&= %’ + i:[a0 cos(nwyt) + b, sin(nw,t)] (1)

n=1

e Tl lvdvaulumsinsandehlifdlduny o luaunsf (1) &0 o, =27/T

Faluaunisf (1) menveslalmiuas lanfauns aifoulugilvesend InuuFoaldnn
I T
COS(na)ot) = E(ejnwol +e jnuol) (2)
uay
L 1 Jnayt —Jjnayt
sinnx(nwyt) = = Kt ) (3)

unuaumsn @) uaz 3) luaunsn @ wld

2 1

1 __0 ‘ JnuU +e—jn(JOI +b e/nw“/ _e—/ntyul (4)
f@) 5 Zl ) > e )]
f(r)~7° Z (a,,—Jb)f"‘“+ (a, +jb,)e™"'] (5)

=1
%
S L e BN TR P L ©)
0 2 el ] 2 n .] n’** -n 2 n n

unuaumsn (6) luaunisi (5)

O =F+ ) (Fe"™ +F ')

n=1
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f(t) = FO +Z.O:F‘"ejn(unl +_Zw:Fnejnwot

n=1 n=1
e X Rel @

aunsi (1) Sond gduuuiideu  (complex form) weseunsuYiSes f(x) nSeiSunitounsy
4

a G . o a a ° Y

IFIHOU (Complex Fourier series) ¥4 f(x) dudszans F, aunsaswanldie q lumenves

a, waz b, wazninaunish 3) luiaden 2.52 fe

Ca, 12 g

L=—e= t)dt

== [0
_a, l /2
Fy=2= [ fad ®
i]'lﬂﬁ'iJﬂ]iﬁ (6) LLﬁgfﬁJﬂﬁﬁ @),(5) 1Uﬁ3%aﬁ 257 %x"lﬁ

1
F,=—(a, - jb
n T( 0 .] n)

T/2

s %[% [ F@)costnoytydi - j-; L’; f(t)sin(@ot)dt]

= %{ [ Flcostnayt)di ~ j sin(ney)dr)

1

i /2 — jnagyt
F =_
Fy = 1 06 ©)
ag
FlE 1( +jb )= S fO)e™" " dt (10)
"”_Ea" JOn T A
9y sl 8 a @ es:
mﬁluﬂaﬂwmmmﬂ ANUU
F_ V¥.* , (11)

1
<

Wy * meﬁqﬁaqm%ﬁau (complex conjugate)

NATuMsh (8),9), (10) ewsadiousweglugasinerldde

] 712 —Jnagt
Bi= T L‘/zf([)e dt yn=0,x1,32,... (12)
feann f()e™™ Wumwasuseudiony I namsinsandidusnainsadivualéi
1 ¢ ina
F=L [ pwer e (13
1
Amualn
F,=|F|e/ F, =F =|F e’ - (14)
<&
¥
| R IN1/2 5
Fl=—(a,+5,) (1)
] bn o @ 1 b4 a
6, =tan"(-—2) MMTUNNAIBY 7 8NIUN n=0 (16)

Ce x

Tunsaif £y iilua1esaiu
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F=— (17)

2.5.4 miaasuanunziyeu (Complex Frequency Spectrum)
a4 o s v @ ' 9y Y ;’,’ s (]
mMsnsznweRnIuYisusvesilanunudananinsduii Handuszeglumenuea
' a 7o Ao (- a a a
ddszneuaiudan  q  Aedfumuiinueidy 7 wildmilsznevvesnnuiiFam
@ 3 ) < ' o { ' 3
@4,204,30y,..., nwy 18 Aaiuilsidua £(r) nazegmolualaasuvesnnuimaniu - dun
¥
o < 19 @ v W o
fmua () 1o 9 Ywmsnawsonadaesuveaiuld  Tumenduiu  dusmsumdaasud
s Y o & 7 7o v axa P X
awsamilaisunuild mswaniufiensadmuadladrunu’ld 2 3380 Tnillawy  (time
domain) uazSIaIud Taunu (frequency domain)
. . i P
1. InsdTamu (Time domain) fia £(r) uaaseglugiiladduvesnm
2. W51 m& Tamn (Frequency domain) fi £(7) veiualdnindmisznouvesaiudais
5 dy [ a 4? A A o @ 1:-41 ad 4y 1 A 2
q Nflmilaaiuaznetul 1 o = @,,20,,30, ,..., no, siutilaasuatudslilideios e
== v v
Lﬂﬂ‘ﬁuﬂmmﬂa’ﬂ?@ (discrete value) U893 @ A9 UINTENIT  AUARSULLUARATA (discrete value)
¥
senvzuaasdianiylddoduns mlnssmualfuuendud - o waziwiduiiuieudga
s TR o ST A o 8- (P y | .
tampiliude) YnUiaﬂumENnnggﬁu‘V]Lﬂuﬁﬂﬁ']u‘-‘dﬁﬁﬁ’éw TENBLAN 9
munsa ldeynsuend Innudeaniesynsuas Tnauaasalaasuldms 195 diuuiond
F v : ' '
Twuwdvaszuaasanuvneldanimazldldn 9 1 ddnsande i Fsdwmsuiladduauni

Y ¢ a d' o Y A
MUy 7 eynsuend lwuussannaunsi (7) luiadedn 2.5.3 fie
FOEY Fedy M
n=—o

f)=Fy+Fe/™ + Fe’™ 4+ + F e’ + 4+ Fe?™ + Foe /™ + . +F, e’ +.. 4
aumsfi 1 welszneudaeanudenaaie 0, By =W 20y =20 5ey ND, ,—N D,
wazwewlagade F,F,F.,F) F ) F, F ...

Tawialuuds F, dhalfunuddeuieannsair e BuvanlansuFuouns gavesilafau
A ) vz ldonmsdmueruiaves £, Tuoynsuaumsfil amuunu y fuawdiBe (angular
frequency) AMLAYU x LAzAUAATIFUNE ( phase spectrum ) 489 £ () 92 1d91nms svuasvle
(phase angle) 6, Y93 F, iy y fUf1ANUBISMIA N x

Taoia ludrmdansuesiaiu o = 0,227,447, +677,... 1az¥u1A ( magnitude) dzidu 11
A —24/7,-2A4/31,-2A4/152,-2A4/35x,... 2 f(1) %auanﬂ?gﬁﬁ’wnmf]uﬁn?ﬁa
ansoi lfmun I8fosmlansudoariniy Ssmaasun iyl (frequency spectrum ) lauaaalilu

31 2.28
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F s
Amplitude

A s

-

{ @ d a S 4
310 228 Fyarausaarhselaiiduniu
F
A

24

-§7C -67T -47C -2 270 470 670 ST
1 ] ! } I
=24 -24

3= 357

”
H
4

1 229 lasimaasuvesduanasaavfe lanliduany

@l

A
ft)
A
| | { |
BT iniansivwwin ¢ LA ~g'
T \GH]d § )y 7
702 200
3171 230 dyanaiadylTmtouiud
[
41‘/5 R SR |
’FF\. d“—‘w—' = -, —
( ) 4 5 20 4 T s
a ’
II “ UG e -2—-’: » 8"
T
'1 !‘
H i 1
e I Ve
ﬂ'f’f“ﬁ."r‘] [}.' i I | Q‘II(T i}\ll B .
-80" —-40n ] 40w 80w w
= < : 10
10cy Sy 15 Suy o
1¥n
1 : 1 d 1
de —, il
2 20 o 10 (b)
wy = 2-—[ = 4n
T
_AI_DIILQHML
-80n -40+« 0 407 80 # w
—20wq =~ 10wg 10wq 20wy

310 231 aulansuFaeuilaga
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a < YA 4? o [ ‘3 ] d?’ ' A
i]”lﬂ'g:ll‘ﬂ 2.31 %zmu"lmmwnmmﬂmumﬂﬂmmwumuumnmu (MUUYU) UAVHIATTD

wenf3gnszanas uaglsdsnunilowdn nSvuisuligaoudiudagli 232

311 2.32 anlansuFweniliya

TR, o o
2.5.5 milnasmEeR109 (Power Spectrum ) ¥ IWanNFUA Y

an Lo A [ A [ 3 a a o 4«
aunaNanguaiy f(l‘) ABUIIAUNIDNTLUT AIUUDUNNIA AD

1 /%

P 1dt 1

T - 04 (1)

] ] v b

Faduinsa (1) wansdamaanldnn £ Ateuldfuaiwdumu 1 Testy nazduiindaiiSoni

fdwesdyauny /(7)) awansuFnnudues £(¢) sudasdaeuiligavesdszneuninud

] b4 ]

Aeqves (1) Feeiisdeswegluidazdiulszney duludsindnn ludrludiuvesmdansuga
a d! ] d’ . =< Y a o o x:; o o

wewtl5ya dsmunsaunuegluzivendudaes Baannsaunuaansudehdeidu ldawside

fisamegiudiulszneuvesnnudainlu £(r) 14

wnsaneynsuySos lugtiend TnuuBvannaumsi 7 luaden 2.5.3 fle
o
F= Z E e 2)
n=—w
unuauns 2 adluaums 1 dnfu

1 b2 2 oy 1 L7 C Jnwgt
? fTQf (t)dt & F —(7'/2 f([)"zz_wF"e ar (&)

¥
[ Y

A a a Y P o v Ao v
AT DIVVYIUNNITAUAZHALINN NATUVIIUBUBITUNITN (3) ﬁ"lll'liﬂﬁa'ﬂﬂﬂublﬂ ANUU
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1 @2 ]f’/z =

sl 2 f = — Jnwyt 4

= /(0 - T/ZF"";ane dt (4)
& 1 a a o A d' = (- [ q’/’
Fuzduhsuinsanadmanieluaumsi (14) ¥AUNINU TF_ AsUY

i " F.F

? 'I'/Zf ([)dt_nzz_m n® -n (5)
vinaumsh (1) luide 2.5.3 1214

1 f‘/z : 2 F 2

2 2 2 2 2 2 2
=Fy + | +|B +|F,| + ||+, +]FL] +. @)

~ A 1 a S o =
aunsdi (16) sxduden lvawmguives 1151wea (Parseval) FuirliliszgndldfueynsuiFosu

o a a Y d 1 Ao w [ ' ' ~
quiend Twuwdsa uazaums®t (17) saasliiiuniifds ey luudazdiulsznouvesauduay

o o a = “ . ' &
mu1ﬂm@ﬁﬂ1aqwﬂjiﬂ@ﬂ ﬁ?uﬂigﬁﬂ@iﬁlﬂQﬂ?’luﬂ naw, G |Fn’ Lmziuﬁ’m‘llﬂ\i —na, o IF_

b1l

n

1 d‘
LALHBIDN
T
Lo, =1y,
wld
2. 12
IF—n! = !F;I! (8)

P
£ 4
v o [

o o . . Pt oA oA = &
ﬂuumm'mmsauag“lumuﬂs:ﬂawmmma nw, %zﬁ]uwummﬂvwmma —h@, B3N

SIWTUNTuIm e

= —jnoyt < 2 o da o oA
Uy ag e MABUAAINAYYIUVDIANUNAYINUAD @, (WITTRE

k4
Y

o w o = "o = @ =y \g (- 2 & Jya o 9 ' :?
UUNTAININUANIINBYNUANNE 1o, ‘1‘1‘1 WYTUISHANUNINY |Fn c]fwzuaﬂﬂwmuﬂwnawu

2 1 @ o a = 1
uazdulszneunivaeaves F e’ s ailandudniauese (real function) wosna1 £(7) nanfe
fn ([) 9 Fnejﬂa)ul +F_'.1e—_jna)ol

F, =|F,|e”
F =|F e
e
IWIIEREUU
Fu@=|F, e + | FoE
=2|F, |cos(newyt +6,) )

[ ]
o w I

Mdanussyludyyiulaqiiuenign A Ao A2 duiuhdsiiussyeglu =2

Fﬂ

cos(nawyt +86,)

.
o v A 2

= 2 o e & o [ " v a @ <A
e 2 ST INMAaHATInIInuaIudszney ** IWUIRUINUU NMAINTIUNY *** nAD IF"

Fﬂ

o )

14 .
MIIzRRIUAUMIN (7) 91vvzuansanunue 1491 Masludyanwuaiy (periodic degnal ) 3xiA U
HaswveImaluunazdiulsenou

° wl roriersial (Y ' [} a 9 [~} 1
miensadmuaalaasuhaiisvegivuaazdiutlseneuvesnnudld  Fudiuldedi

13
I

o J 1Y a 4’ [] ) A . P=s 1a ¢ o q’: a ' A
Fanunalaasuaniaduiiuzg lideiies (discrete) 30 lifadaiu Maflvzifanuainnudae

| o v o o o & o w
Aofl @ = 0,2w,,320,,... 184 nazazaumIasnsFoazyNfuuuIRsaiy dusnld P Jumds

vosdyanuaw f£(7) a1d



37

P=L1" r2(a
= L, @t

P=3F,

2

A
1
D
[ ;
ta)
i
[ %]
1
i
-

3
9

pﬁk4Aﬂ
S P
77,
a4t | 44
. =1 ="
i 97 | srag
255 7 | b oss 2
oot/ B\ Tl
rER I\ /AR
-84 -6x -4x -2 4 2% 4x b6x B8x o

S w =)\ ) < o g a 4 < a A
91 234 anlaefuFhdwesdygiausaarhielninuadu

!

d=§

/ r\
i

{

\

_ ]‘\ 6l I i o

0=

¢
{
!
l!
OO s s O (O [l /4 J
—-40sr ~8x | Bx

51 2.36 aulapSuFidwesdygruiadyUdmaouiud



38

R ;
2.6 NQUYMIGHAIVLN (Sampling )
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a ¢ a ¢ ¢ .
2.7 nqugvhanyisesnsurlesu ( Fast Fourier Transform )
o ! P g &
naurheiySosnaudesudumsdnaySositemunsadiua 185 1wy Tagly
- ¢ o o H 4 yq &4 o ¢ a g ¢
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2.7.1 ﬂqygﬂamﬂﬂwmmmﬂmu ( The Discrete Fourier Transform )
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d d a (v d
2.7.2 nquvhadyisesnsuesa (FFT) tazismsuvuiinnesvaie (Butterfly)
s o 4
WhadyiSusnsuesy FFT) WumsWannumndaasndSoinauesy (OFT) welitims
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F, = X(k), f, = x(n)F, =X() , f, = x(n) v 1daums Inudadl
N-
X (k)= Z,\(n)e eIk Tav k =0,1,2,3,... N —1 (5)
it e/ r/ Mk W"" I &aums gl

N-1
X(k)= Zx(n)W"" 2
n=0
utisarung 6) 1Rty 2 daudsil
N/2-1 N/2-1 )
X(k) = Zx(zn)Wﬂk + Zx(zn +1)W(2n+1)k (7)
n=0
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N LmummﬂmmUnﬂjmmsqfuﬁ’aammawumuaumimaaqmaﬁmmsﬂ wazerunisd idaums Ini

Ao
N/2-1 . N/2-1 3
X(k)= D %, (W, + Y x, (W)W, (®)
n=0 n=0
wie  X(k) =X, (k)+ W, x (k) )
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temporary = real(0) + real{(1)

+.
0 S )
(0) o< 4'./0 F(0) real(1) = real(0) - real(1)
real(0) = temporary
5 'é:f___--__,.\:r\. p(y) lemporary = imaginary(0) - imaginary(1)

imaginary(0) = temporary
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8 64 24
16 256 64
32 1024 160
64 4096 384
128 16384 896

= = o) o o ' = ) g B s
AN 2.3 LL'ET(PNﬂﬁl‘ﬂiﬂﬂm&miﬂujuﬂﬁﬂTH’JmSZ‘HTJNﬂﬂ'ﬂiW}ﬂLiUi‘ﬂﬂuﬂ@ﬁiJ

wazhaayisosns mnlesy

(=] o Y

@ 3 a < 1T a [l " a [~ '
nnAledAweulae ‘12 unrdaygauiiuniese dauauaniniu <0 mygudeyng1a

. Il k4
13U 2.43 Feidwudoya 16 9@ dud x0—x15

A

e wa .
nNaee

2 4 6 8 10 12 14

3101 2.43 Bumm 16 90 WhaayiSosnsumesy

q




Tavanowinnd ldagludlugiii 244 Felisregh k=4 Taslvwaueuildze 05
k=12 fvwnauenagn -0.5
x(k)?

0.5

1M 2.44 111N 16 9a ariYiSesnsmvlesy

43

uazi



=
UNN3

msaammmsaﬂmm%’n

3.1 Inseaalaesinvedlasaay

Function 1y A —> Micro — | Max 232 || RE232 |—>
Generator | 1 controller {

Circust

511 3.1 uemalnssasialasswveelaseaiy

3.2 2399 ( Circuit)

3.2.1 1IMUUIIAY (Voltage Follower)

R

‘ d
s 1

> 4

||}-<

311 3.2 29933 9AU

MINNOERV04 Op-amp (Operation Amplifier) 32 1491ATEUABUNNYDY op-amp TALIBY
p P P p 2 P p
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d! =y 7 ” v : :: "a % 1 d'
Fatoldn i, =i, =0 aulusz lineussAuanaseun R;
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@ w: AR |
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& - o d (- v a A ' a4 o & @ d
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12 o v a J ' dy ;’,' U a o
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A 9 1Y dy 9 12 J 1 Y ;ﬁ' Y
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2993 M3uLaus ITuA il e (Unloaded Voltage Divider) 1il1299310uaynsy 151a115010)
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Input from

Function vee: :
) LM324N ;
: 3 L :
| N TS L A A P10
10V FG " 10K M j 12+// .56 55
: 3 i 11 op.avp
' . Bawtery: i 0.01
1 : ; : i ; =

Voltaze Follower

Unloaded Volrage
Divider

3191 3.5 M31¥0UABIIT Unloaded Voltage Divider 13993 Voltage Follower

A 1o ]

eddgyaaud luTnsaeulnsames

o o Ay 2 & oa o o A Yo
11n3115192911713 Input FryaINA319910 Function Generator FaliszAunsauin 57 iy
T A Y . K = < v
31937 Unloaded Voltage Divider IWBTiITRTIORALTIAUTIINTSAL ==
S gy a Yo v A 2CN 0B \ g™/ N\ A B v 1 3/
dulddenld@adiumuriiadsumld (Variabie Resistor) 1H4849105183150905us w0548 14N
A Y [ 1Y (Y prp i o o 1
elvseauussAuBRRUININY T 1.5V ‘lunnﬂsm‘ﬂm output 188NN Unloaded Voltage Divider 41
T £ 1.5 7 swiile ananaunaaien iU 153 Drop melulees Wudu Tavfiis luisuiudes
%
uf luaeas
TUUR AL IAUATEUTATI 1.5V
57y , o = 4 ). LR
ieoinsdsunsedu i I naredly 0-3 77 1189910 Analog to Digital Converter (ADC)¥1¥1iu
o { @ o ] : 4 (% o o < [l o
ansahan ldiseduusaiu 037 mniu dedSuszduilu 03V uddyanaiergndalitfiuaces
5 [ 1 ° 4 o o
Voltage Follower #92333denanazsimiiiuaaussdulinaodunszuamungueslowy (7 = IR)
A Yo s P Y do =1 a ' )
wesonszualinululasneuInsawes venvndiidaiminisunssuanuinmuldnewdnlulasnea

P S o e o KB p) &
Insamesiailostuanudsmenvznavudylulasnealnsaaes

0
w
re

3171 3.6 AnyazNI MY v-t 198NN Function Generator



47

i

‘ﬂﬁ 3.7 an¥UEAIIHYOS v- tLiJE]NTL! Volitage Follower
\.’

3.4
M

(o]

t

ﬂﬁ 3.8 anyULNI YD v- tLJJE]N']u UNADIIUS IUNTLUAATI +1.5

3.2.3 290 5UHAIBUTIAN

s eusWuimiulagein Batery Rflseiuns s i o7 Wnaediy 57 e
%'wiﬁ’ﬁudaussmvwemwsﬁaf{ Max232, LM324, Microcontroller (183 T89C51AC2 (104310 IC N
wendudaduiiusianididode o sduls s 7

C 1% 1uasasumdasrousadi fo LM780s Felinoidnyazaad

- NITUMOMANAFINI 1A

- USWeIHA SV

- {lesfumsdaians

IN4G01

oV . 1
DC

(9]

Vout

[
I

=g
}
s
GND

[ 0.10F 0.1uF

AFT ALY
|
2
Il
|
1
A9VNLE

311 3.9 230IUM AT BT IAY



48

3.2.4 lulnsneuinsaraes
TulasaeuInsamesgmhunl¥lunsaiuguarssuuazeant 7118910 Function Generator l1ifa

Pocket PC

¥
-1

TulnasnouTnsamesilfifluwes Tsocsiac2 Tavfiqamuiaddysad
- awsannd naaTusuns wuuss luTasaeu Insamesriiu nosn aunsuldlaelsl
ﬁ/aamﬁam?aq Burn Program
- AN Iwlulszinn RAM 256 byte
- 1U29AUT EEPROM 2 kbyte
- UART Wy fuil duplex
- CPU MM 8 bit
- A/D IR 10 bit TS IR 0-3 V

uazidenldmafuiadaanaunitng 18.432 MHz
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PI5/TIO T 2237287 A8
ELESNRIILUSERE
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Zla S =T MmN T
Flezzzzizsis
2 ThioE Rk
- S B B B B B
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Voo oo
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POTIADT
PLOARST2 CLOAS
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FAIRCHILD

SEMICONDUCTOR?®

www.fairchildsemi.com

MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features
* Output Currentup to 1A

* Output Voitages of 5, 6, 8,9, 10, 12, 15, 18, 24V

« Thermal Overload Protection
 Short Circuit Protection

* Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MC78XX/LM78XX/MC78XXA series of three
terminali positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220
F
==
:
D-PAK

1. Input 2. GND 3. Output

INPUT SERIES ouTPUT
PASS o
1 ELEMENT 3
CURRENT soa ’::/
GENERATOR PROTECTION >3
STARTING REFERENCE ERROR
CIRCUIT VOUIAGE AMPLIFIER

s
THERMAL }

PROTECTION

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation



MC78XX/LM78XX/MC78XXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) \ 35 Vv
(for Vo = 24V) \ 40 \Y
Thermal Resistance Junction-Cases (TO-220) ReJc 5 °c/w
Thermal Resistance Junction-Air (TO-220) ReJA 65 °c/w
Operating Temperature Range TOPR 0~+125 °C
Storage Temperature Range TSTG -65 ~ +150 °c

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| = 10V, Cj= 0.33uF, Co= 0.1pF, unless otherwise specified)

MC7805/LM7805
Parameter Symbol Conditions : Unit
Min. | Typ. | Max.
TJ =+25°C 4.8 5.0 52
Output Voltage VO | 5.0mA <lo < 1.0A, PO < 15W vV
Vi =7V to 20V 4.75 5.0 525
. y : Vo =7V to 25V - 4.0 100
Line Regulation (Note1) Regline | TJ=+25°C mV
V| =8V to 12V - 16 | 50
l0 = 5.0mA to1.5A o 9 [ 100
Load Regulation (Note1) Regload | Ty=+25°C 10 =250mA to mV
- 4 50
750mA
Quiescent Current Q TJ=+25°C - 5.0 8.0 mA
. 10 =5mA to 1.0A - 0.03 0.5
Quiescent Current Change AlQ — r— mA
VI= 7V to 25V - 0.3 13
Output Voltage Drift AVO/AT | lo=5mA ] -0.8 - mV/°C
Output Noise Voltage VN f= 10Hz to 100KHz, TA=+25°C - 42 - uV/Vo
; L f=120Hz
Ripple Rejection RR VO = 8V to 18V 62 73 - dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - \Y%
Output Resistance ro f=1KHz - 15 - mQ
Short Circuit Current Isc V| =35V, TA=+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Typical Perfomance Characteristics

QUIESCENT CURRENT (mA)

NORMALIZED OUTPUT VOLTAGE (V)

i3 V|=‘6V
Vo =5V
lo=5mA
5.75
el
55 “/
5.25 ,/
5
475
-50 -25 o 25 50 s 100 125
JUNCTION TEMPERATURE (°C)
Figure 1. Quiescent Current
1.02 T
Vi=Vo=5V
lo=5mA
1.01
1
\\
~N
.99
.8
-25 o 25 50 7% 100 125

JUNCTION TEMPERATURE (°C)

Figure 3. Output Voltage

OUTPUT CURRENT (A)

QUIESCENT CURRENT (mA)

T,=25°C
AVp = 100mV
25
LiEyd
15 \\
1 \
N
5
(]
0 5 10 15 20 25
INPUT-OUTPUT DIFFERENTIAL (V)
Figure 2. Peak Output Current
7 T l
T,=25°C
V°=.5’_V v |
65 o= 10mMA
6
/
L—
l‘/
55 //
5 ]
45
4
S 10 135 20 25

INPUT VOLTAGE (V)

Figure 4. Quiescent Current
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MC78XX/LM78XX/MC78XXA

Typical Applications

MC78XX/LM78XX

Input Output
2
[ Co
O3%F 0.14F
e
Figure 5. DC Parameters
o MC78XX/LM78XX |2
Input |
2
TOI{,F it
I CREG.
oy
m
Figure 6. Load Regulation
o 'l mcraxxim7exx |3
ol RN :
Input 36 I -L Output
RL
Toaa..F 2
o— ‘—o
€5
"
120Hz
Figure 7. Ripple Rejection
Input ' IMC78XX/LM78XX |2 Output
= : COI
033,F "’ox;

Figure 8. Fixed Output Regulator
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MC78XX/LM78XX/MC78XXA

3

InputoT MC78XX/LM78XX ~00utput
cl 2 -J- mIE Vxx
033,F 01F 9
lo Co
jh

RL

Vxx

lo=—— + |
R1 ?

Figure 9. Constant Current Regulator

Notes:

(1) To specify an output voltage. substitute voltage value for "XX." A common ground is required between the input and the
Output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input
ripple voltage.

(2) Ciis required if regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.

Input { o Cufst
O MC78XX/LM78XX —Q
J_ I’
(o =) fi_ o Em
0.33,F 1,2 " —l—
:E R2
-

N1
N

Ig 251Q

Vo = Vxx(1+R2/R1)+IQR2
Figure 10. Circuit for Increasing Output Voltage

Input W[ wmc7ses s Output
i LM7805 g
2

=z /‘Z_J O.1uF

T
= LM741]
0.33,.F NE :&wm—'—co
4 e I <
IRI25 IQ

Vo = Vxx(1+R2/R1)+IQR2
Figure 11. Adjustable Output Regulator (7 to 30V)
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MC78XX/LM78XX/MC78XXA

Input
o Q180536

R1 Output

3
MC78XX/LM78XX = O

a0 IREG J bo
0.33uF 2 [~ o1F

R,= —Veeor
Vead lrea-lor Bay

io =irea +Boy (irec-Veear/R1)

Figure 12. High Current Voltage Regulator

Rsc

Q1
Inputo— AAA
P |
Q2
(23] 3
Vv t MC78XX/LM78XX —O
30 _L Output
—_ 2 -
! 0.33uF O.1uF
Q1 =TIP42 |
Q2 =TIP42
m

V,
RSC — BEQ2
Isc

Figure 13. High Output Current with Short Circuit Protection

o— ! MC78XX/LM78XX

COMMON

-Vin

Figure 14. Tracking Voltage Regulator
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MC78XX/LM78XX/MC78XXA

1 3
T MC7815 A
+20v +15V
2 —_—
= = x
033.F 0.0,F F 1N4001
/l7 +(22F WF |
prod ; z
1N4001
o 2 MC7915 —0
20V 3 -15V

Figure 15. Split Power Supply ( +15V-1A)

Output
O

]
‘&l

0.1,F

>~ ' 2

l_‘ MC78XX/LM78XX

Figure 16. Negative Output Voltage Circuit

Input D4sH11 1mH Output
' 224
> <
Z: 470 G i
b3l 1 3
¢ MC78XX/LM78XX |—
. ]
OuF
IF e 033,F 2
.
IIT 20004F
$ &
:, osq
7 Ve Vezd

Figure 17. Switching Regulator
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MC78XX/LM78XX/MC78XXA

Mechanical Dimensions

Package
TO-220
9.90 +0.20
= (8.70) o
5| & 3
St Rll=) 23.60 £0.10 9
= = , @
N
|
| e :
i R ol 2
Q | sl g =
S L)
o e 8l o
N © il L7 % =
o < i = | /Y
= | S
= | S
=
=)
LT N
] 8 we Bl
g = ) 3
Q | | ! =
| 1.271010 Il Il 1.52 000 o
b T | T (=)
| >
I
d v JJ M— . ]
_’L 0.80 #0.10
2.54TYP 2.54TYP
[2.54 +0.20] [2.54 +0.20]

10.00 +0.20

' 4.50 2020
1.30 508
0.50 7932 2.40 £0.20
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MC78XX/LM78XX/MC78XXA

Mechancal Dimensions (continueq)

Package
6.60 +0.20
o
5.34 +0.30 % 2.30 £0.10
(0.50) ‘ (4.34) ‘ (o.so)g ’T 0.50 +0.10
[ ] | [ (]
8. !
S 4 8 /
8 ' g 8 S
S | sl el s :
o ol &> 0
g 57 X o = ]
? : =
o — 1| | RE
NS N
£ 201,
il
MAX0.96 L] LI 0.76 £0.10 % 0.50 0.10
o T
2.30TYP 2.30TYP 1024020
[2.30+0.20] [2.30+0.20] 2.30 £0.20
6.60 +0.20
(5.34)
(5.04) S EE
N~ D o
1.50 sl gl =
A L | 7
T
& I o
F b o (2XR0.25) @
] ~ ~
S, O & |
H = A
©
8 8 | s
Q . :

I 0.76 0.10
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MC78XX/LM78XX/MC78XXA

Ordering Information

Product Number Output Voltage Tolerance Package Operating Temperature
LM7805CT +4% TO-220 0~+125°C

Product Number Output Voltage Tolerance Package Operating Temperature
MC7805CT
MC7806CT
MC7808CT
MC7809CT
MC7810CT TO-220
MC7812CT
MC7815CT
MC7818CT 4%
MC7824CT

MC7805CDT
MC7806CDT

st ~mAAA A

M /oUoL U

D-PAK 0=+ 5SS,

MC7809CDT
MC7810CDT
MC7812CDT
MC7805ACT

MC7806ACT

MC7808ACT

MC7809ACT

MC7810ACT 2% TO-220
MC7812ACT

MC7815ACT

MC7818ACT

MC7824ACT
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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

WIDE GAIN BANDWIDTH : 1.3MHz

INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

LARGE VOLTAGE GAIN: 100dB

VERY LOW SUPPLY CURRENT/AMPLI : 375uA
LOW INPUT BIAS CURRENT : 20nA

LOW INPUT OFFSET VOLTAGE : 5mV max.
(for more accurate applications, use the equivakent parts
LM124A-LM224A-LM324A which feature 3mV max)

LOW INPUT OFFSET CURRENT : 2nA

= WIDE POWER SUPPLY RANGE :

SINGLE SUPPLY: +3V TO +30V

DUAL SUPPLIES : #1.5VTO +15V

DIP14
(Plastic Package)

p
TSSOP14

SO14
(Plastic Micropackage)

(Thin Shrink Small Outline Package)

DESCRIPTION ORDER CODES
Thgsg circuits consist of four independent, .hlgh Part Toadidura Package
gain, internally frequency compensated operational Number Range N D p
amplifiers . They operate from a single power supply M124 5590 +125°C - 1 .
over awide range of voltages. Operation from split N 3
L ¥ LM224 -40°C, +105°C ° o °
power supplies is also possible and the low power . X
supply current drain is independent of the magni- Lm324 0°C, +70°C 3 ° o
tude of the power supply voltage. Example : LM224N
PIN CONNECTIONS (top view)
Output1 1 [] ] 14 Output4
Inverting Input 1 2 E*‘_ -—:I 13 Inverting Input 4
Non-inverting Input 1 3 E—+ +—:] 12 Non-inverting Input 4
vee= 4 [ [ 11 Vee-
Non-inverting Input2 5 E”— +“:I 10 Non-inverting Input 3
Inverting Input2 6 E—' "‘:] 9 Inverting Input 3
Output 2 7 E :l 8 Output 3

June 1999
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LM124 - LM224 - LM324

SCHEMATIC DIAGRAM (1/4 LM124)

Inverting
input

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM124 LM224 LM324 Unit
Vee Supply Voltage +16 or 32 \
Vi Input Voltage -0.3 to +32 \%
Vig Differential Input Voltage - (*) +32 +32 +32 \
Ptot Power Dissipation N Suffix 500 500 500 mwW

D Suffix - 400 400 mw

- Output Short-circuit Duration - (note 1) Infinite
lin Input Current — (note 6) 50 50 50 mA
Toper Operating Free Air Temperature Range -55 to +125 | -40to +105 0 to +70 °c
Tstg Storage Temperature Range -65to +150 | -65to +150 | -65to +150 °C

214
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS
Voc" = +5V, Vee™ = Ground, Vo = 1.4V, Tamb = +25°C (unless otherwise specified)

Symbol

Parameter

LM124 - LM224 - LM324

Min.

Unit
Typ. Max.

Vio

Input Offset Voltage (note 3)
Tamb = +250C
LM324
Tmin. < Tamb < Tmax.
LM324

mV
2

O~N~NO;

io

Input Offset Current
Tamb = +25°C
Tmin. £ Tamb < Tmax.

nA
100

Input Bias Current (note 2)
Tamb = +250C
Tmin. < Tamb < Tmax.

nA
20 150
; 300

Large Signal Voltage Gain

(Vec™ = +15V, RL = 2kQ, Vo = 1.4V to 11.4V)
Tamb = +25°C
Tmin. € Tamb < Tmax.

50
25

VimV
100

Supply Voltage Rejection Ratic (Rs < 10kQ)
(Vec™ = 5V to 30V)

Tamb = +25°C

Tmin. < Tamb < Tmax.

65
65

dB
110

lcc

Supply Current, all Amp, no load
Tamp = +25°C Voo = +5V
Vee = +30V
Tmin. £ Tamb £ Tmax. Vo548V

Vce = +30V

mA

O O
o
2,
0 Yy

Input Common Mode Voltage Range
(Vce = +30V) - (note 4)

Tamb = +25°C

Tmin. < Tamb < Tmax.

Vee -1.5
Vee -2

CMR

Common-mode Rejection Ratio (Rs < 10kQ)
Tamb = +250C
Tmin. € Tamb < Tmax

70
60

dB
80

| source

Output Current Source (Vig = +1V)
Vee = +15V, Vo = +2V

20

mA
40 70

Isink

Output Sink Current (Vig = -1V)
Vce = +15V, Vo = +2V
Vce = +15V, Vo = +0.2V

10
12

50 iy

g

3/14




LM124

- LM224 - LM324

ELECTRICAL CHARACTERISTICS (continued)

- 224 - LM32
Symbol Parameter L2 - LM L Unit
Min. Typ. Max.
Vou High Level Output Voltage \Y
(VCC = +30V)
Tamb = +25°C RL = 2kQ 26 27
Tmin- < Tam% < Trax- 26
Tamb = +25°C RL = 10kQ 27 28
Tmin. € Tamb € Tmax. 27
(Vce = +5V, RL = 2kQ)
Tamb = +25°C 3.5
Trmin. < Tamb < Tmax. 3
VoL Low Level Output Voltage (RL = 10kQ) mV
Tamb =+25C 5 20
Tmin. € Tamb £ Tmax. 20
SR Slew Rate Vius
Vee = 15V, Vi = 0.5 to 3V, RL =2kQ, CL = 100pF,
unity gain) 0.4
GBP Gain Bandwidth Product MHz
Vee = 30V, f = 100kHz, Vin = 10mV
RL = 2kQ, CL = 100pF 1.3
THD Total Harmonic Distortion %
f = 1kHz, Ay = 20dB, Ry = 2k, Vo = 2Vpp
CL = 100pF, Vcec = 30V 0.015
en Equivalent Input Noise Voltage nV
f = 1kHz, Rs = 100Q, Ve = 30V 40 VHZ
DVio Input Offset Voltage Drift 7 30 uVv/°c
Dlio Input Offset Current Drift 10 200 pA°C
Vo1/No2 | Channel Separation (note 5) dB
1kHz < f < 20kHz 120
Notes : 1. Short-circuits from the output to Vcc can cause excessive heating if Vcc > 15V. The maximum output current

4114

is approximately 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simulta-
neous short-circuit on all amplifiers.

2. The direction of the input current is out of the IC. This current is essentially constant, independent of the state

of the output sc ne loading change exists on the input lines.

3. Vo = 1.4V, R = 0Q, 5V < Vcc' < 30V, 0 < Vie < Vcc' - 1.5V
4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more

than 0.3V. The upper end of the common-mode voltage range is Vcc' - 1.5V, but either or both inputs can go
to +32V without damage.

5. Due to the proximity of external components insure that coupling is not originating via stray capacitance be-

tween these external parts. This typically can be detected as this type of capacitance increases at higher fre-
quences.

6. This input current only exists when the voltage at any of the input leads is driven negative. It is due to the

collector-base junction of the input PNP transistor becoming forward biased and thereby acting as input di-
odes clamps. In addition to this diode action, there is also NPN parasitic action on the IC chip. this transistor
action can cause the output voltages of the Op-amps to go to the V¢c voltage level (or to ground for a large
overdrive) for the time duration than aninput is driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V.

4




LM124 - LM224 - LM324

IB (nA) 24
21
18
15
12
9
6
3
0

INPUT BIAS CURRENT
versus AMBIENT TEMPERATURE

-55-35-15 5 25456585 105125
AMBIENT TEMPERATURE ( C)

INPUT VOLTAGE RANGE

INPUT VOLTAGE (V)
o

7

7
y

itive

GBP (MHz)
1.35
1.30

125
1.2

115
1.1

1.08
1

.85
.9

GAIN BANDWIDTH PRODUCT (MHz)

19

15

POWER SUPPLY VOLTAGE (V)

GAIN BANDWIDTH PRODUCT

=

AN

55 35-15 5 25 45 65 85105125
AMBIENT TEMPERATURE (°C)

INPUT CURRENT {mA)

SUPPLY CURRENT (mA)

COMMON-MODE REJECTION RATIO (dB)

CURRENT LIMITING (Note 8)

el | e

L gt —

70 o —

“ 7—*_4" I

9 emsilpi ¥d

P '

0 ~. e

3 |
s

2 +—1

"1 N
=] i

-85 -35-15 5 - 25 45 §5 85 105125

TEMPERATURE {°C)

SUPPLY CURRENT

C&

Tamb =0 Cto+125 C

0

_.-—"/’
Tamb =-55 C
1 1
10 20 30

POSITIVE SUPPLY VOLTAGE (V)

COMMON-MODE REJECTION RATIO

20 Y ‘!
160
—autl
] + =
il e ] l'l
7 +7.5Vv
80 100 kQ
1009 i':1
e
i Sthooal >4
lill 1 e I
i jo0i” % -
20 ka } +15V
o LLL L
180 1 1 100% w

FREQUENCY (Hz)
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LM124 - LM224 - LM324

OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE
bl
" omMa
0.1 4F
128
B ‘ e 5 5 15
T 108 \ Y ;:
2 i c
£ V. 2
< N G ) o
© \ vdc=+2VveE zZ 10
ity
6 6 <55°C< Tamp < +125°C 2
<
4 ¢ .
g A N E s
sy Nlc=+10to +15V & 3 &
-8B°CLTymp & +15°C \
) 1 S 1 0
10 10 100 1.6« 10k 180k 1.8 1eM 1k 10% 100K ™
FREQUENCY (Hz) FREQUENCY (Hz)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
S {CURRENT SINKING)
w4 s L I F
t(’ RL?Z Vv Cs +5V ¥ oo
e | = wt +15 v ] V, c=+1i5V (1)
: b - X VCC: TIioO WV g i
; , i \' S VCC= +30V = -
-~ w 1 LU
E 1 2 S
= — B I vi 1
o g o cc
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g o [o
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E om L& —2mb U
2
g 9 10 L x 4« 0.001 001 DI 1 10 100
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VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
(SMALL SIGNAL) (CURRENT SOURCING)
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> B s T TW
S &0 == o +
£ By S Yot
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LM124 - LM224 - LM324

INPUT CURRENT
100
T 1
£
E
&
g %0 2
=)
(8]
5 AT = $25°C
a 25
z
0 10 n 0
POWER SUPPLY VOLTAGE (V)
POWER SUPPLY & COMMON MODE
REJECTION RATIO
w (dB) 120
S 15
=
a0 SRl
o .
=5 i05
=0
o 100
Q
g5
"z
%0 a0
a -
20 g5
a2 80—
Em i —— CMA
z 5
o 70
-55-35-15 5 25 45 65 85 105 125

AMBIENT TEMPERATURE (°C)

TYPICAL SINGLE - SUPPLY APPLICATIONS
AC COUPLED INVERTING AMPLIFIER

VOLTAGE GAIN

160 I r
R, =20ka
5 18 s
s R =2kn_- |
<
<
o W
w
2
5
L
>
1° 28 0

POWER SUPPLY VOLTAGE (V]

Avd (dB) LARGE SIGNAL VOLTAGE GAIN

120
=
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@
w15
= XX
-l L~
S 110 Vet
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n L~
3 L~ 8
[ = '
@ 105
w
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<
= 100

-65 -35-15 5 25 45 65 80 105125
AMBIENT TEMPERATURE (°C)

AC COUPLED NON-INVERTING AMPLIFIER
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— R2
A=l +22
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LM124 - LM224 - LM324

TYPICAL SINGLE - SUPPLY APPLICATIONS
NON-INVERTING DC GAIN

DC SUMMING AMPLIFIER

R2
Ay=1+204
o R1
10k r: (As shownAy = 101)
1/4 O SV A
LM124 A £ = O
| S
; AN e
R2 2z
™
R1 = by
10kQ
/
- /

e (mV)

e, 100kQ
0 e I ey
g
100kQ
|
e,  100kQ
O—{ Iy
€5 100kQ2
O_{:}‘lém
e, 100kQ
SR AW e

S =e1 tezx-e€3-€4
where (e1 + €2) = (e3 + es)
to keepeo > OV

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

R1
100kQ
= R3 R4
1/4 100kQ 100kQ
et LM124 S
114 eq'

R2 Gain adjust LM124
2%kQ RS .

ifR1 =R

aimg-
2R4
e? = [ 1+ ?2] ok
8
As shown e,

101 (e2 - e1).

—QO+€o

* Polyarbonate or polyethylene

c
- ]\‘ J,z‘s
: [ 2N 929 "Lj_o.oomp
|

Input current
compersation

8/14




LM124 - LM224 - LM324

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

1/2
I, g [LM124 et

= Aux. amplifier for input
] lg current compensation

&)

9/14




LM124 - LM224 - LM324

TYPICAL SINGLE - SUPPLY APPLICATIONS
ACTIVER BANDPASS FILTER

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

Av = 100 (40dB)

€o (1+ %) (e2-e1)

As shown e, = (e2 - e1)

VOLTAGE GAIN AND PHASE vs FREQUENCY

40
1160
1120
20 ™
Gain (dB) 140
g 0 0
8 40
Vee=30V 50
20 | RL=2K
CL=100pF 120
Tamb=25°C
‘ 160
I N R
Frequency (MHz)
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LM124 - LM224 - LM324

LARGE VOLTAGE GAIN: 100dB

= VERY LOW SUPPLY CURRENT/AMPLI
375uA

= LOW INPUT BIAS CURRENT : 20nA

= LOW INPUT OFFSET VOLTAGE : 2mV

Applies to : LM124-LM224-LM324

** Standard Linear Ics Macromodels, 1993.
** CONNECTIONS :

* 1INVERTING INPUT

* 2 NON-INVERTING INPUT

* 30UTPUT

* 4 POSITIVE POWER SUPPLY

* 5 NEGATIVE POWER SUPPLY

.SUBCKT LM124 1 3 24 5 (analog)

* %k * ** *kkkkk Kk Kk kkkk kkkk khkkkk kkkk

.MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=10F

* INPUT STAGE

CIiP 25 1.000000E-12

CIN 15 1.000000E-12
EIP105251
EIN165151

RIP 10 11 2.600000E+01
RIN 1516 2.600000E+01
RIS 11 152.003862E+02
DiP 11 12 MDTH 400E-12
DIN 1514 MDTH 400E-12
VOFP 1213DC 0
VOFN1314DCO0

IPOL 135 1.000000E-05
CPS 11 15 3.783376E-09
DINN 17 13 MDTH 400E-12
VIN 17 5 0.000000e+00

ELECTRICAL CHARACTERISTICS

= LOWINPUT OFFSET CURRENT : 2nA
= WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V to +30V
DUAL SUPPLIES : £1.5V to 15V

DINR 15 18 MDTH 400E-12
VIP 4 18 2.000000E+00

FCP 4 5 VOFP 3.400000E+01
FCN 54 VOFN 3.400000E+01
FIBP 2 5 VOFN 2.000000E-03
FIBN 51 VOFP 2.000000E-03
* AMPLIFYING STAGE

FIP 5 19 VOFP 3.600000E+02
FIN5 19 VOFN 3.600000E+02
RG119 5 3.652997E+06

RG2 19 4 3.652997E+06

CC 19 5 6.000000E-09

NADA 40 AT S NN _4an
UUrivi 1o 22 IRVI i l_i 4UUC‘ 1<

DONM 21 19 MDTH 400E-12
HOPM 22 28 VOUT 7.500000E+03
VIPM 28 4 1.500000E+02

HONM 21 27 VOUT 7.500000E+03
VINM 5 27 1.500000E+02

EOUT 2623 195 1

VOUT2350

ROUT 26 3 20

COUT 3 5 1.000000E-12

DOP 19 25 MDTH 400E-12

VOP 4 25 2.242230E+00

DON 24 19 MDTH 400E-12

VON 24 5 7.922301E-01

.ENDS

Vec® = +5V, Vee = 0V, Tamb = 25°C (unless otherwise specified)

Symbol Conditions Value Unit
Vno 0 mV
Ava RL = 2kQ 100 VimV
lcc No load, per operator 350 uA
Viem -15to +13.5 \Y
VoH R = 2kQ (Vee© = 15V) +13.5 \Y
VoL RL = 10kQ 5 mV
los Vo = +2V, Vce = +15V +40 mA
GBP RL = 2kQ. C = 100pF 1.3 MHz
SR RL = 2kQ, C_ = 100pF 0.4 Vius

4
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LM124 - LM224 - LM324

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

PM-DIP14.EPS

‘; —
¥
U . bl
b B e E
p4 T
—_ &3 z
fe
D
[ 1 P 1SN
% 8
w
I :
: . Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
e3 15.24 0.600
F 711 0.280
i 51 0.201
L 83 0.130
Zz 1.27 2.54 0.050 0.100
12/14 K’[
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LM124 - LM224 - LM324

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (SO)

PM-SO14.EPS

L o |
7 IS
[ 1\
t — o <
] J , A -
:% P i
b 0 = |'f=
ed
1
D
M
et
0000 p-A b ‘
K ")
i
| w
I 1 £y K
S /)
Iy i gty atyg
: 2 Millimeters Inches
Dimensions
Min. Typ. Max. Min Typ. Max.
A 1.75 0.069
al 0.1 0.2 0.004 0.008
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
C 0.5 0.020
cl 45° (typ.)
D 8.55 8.75 0.336 0.334
E 5.8 6.2 0.228 0.244
e 1.27 0.050
el 7.62 0.300
F 3.8 4.0 0.150 0.157
G 4.6 5.3 0.181 0.208
L 0.5 129 0.020 0.050
M 0.68 0.027
S 8° (max.)
IS72 13/14
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LM124 - LM224 - LM324

PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

k
g
sAsCAME b
]
&Y SLAING AN L
i
I |
TSE
A=
: Millimeters Inches
Dim
Min. Typ. Max. Min. Typ. Max.

A 1.20 0.05
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041

b 0.19 0.30 0.007 0.15

c 0.09 0.20 0.003 0.012

D 4.90 5.00 5.10 0.192 0.196 0.20

E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 0.177

e 0.65 0.025

k 0° 8° 0° 8°

| 0.50 0.60 0.75 0.09 0.0236 0.030

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifi-
cations mentioned in this publication are subject to change without notice. This publication supersedes and replaces all infor-
mation previously supplied. STMicroelectronics products are not authorized for use as critical components in life support
devices or systems without express written approval of STMicroelectronics.

© The ST logo is a trademark of STMicroelectronics

© 1999 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - ltaly - Japan - Korea - Malaysia - Malta - Mexico - Morocco
The Netherlands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.

© http://lwww.st.com
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+SV-Powered, Multichannel RS-232
Drivers/Receivers

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where =12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications
¢ Mulitipie Drivers and Receivers

4 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Applications Ordering Information
Portable Computers PART TEMP.RANGE  PIN-PACKAGE
Lot Poe e MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°€ 16 Narrow SO
Interface Translation MAX220CWE 0°C to +70°C 16 Wide SO
Battery-Powered RS-232 Systems MAX220C/D 0°C to +70°C Dice”
Multidrop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C 1o +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C10 +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate
Number (V) Drivers/Rx Ext. Caps (uF) State SHDN (kbps) Features
VIAXZ220 +5 2/2 4 4.7/10 No — i20 Uitra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 — No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 R Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 2C Complete IBM PC serial port
MAX242 +5 2/2 4 0.1 Yes v 20C Separate snutcown anc enable
MAX243 +5 2/2 4 0.1 No — 20C Open-iine detection simpiifies cabiing
MAX244 +5 8/10 4 1.0 No — 120 Hign slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, Int caps. two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 Hign slew rate, int. caps. three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate. int. caps. nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
VI /X /W1 Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.
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+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW

Operating Temperature Ranges

] SN e e 0°C to +70°C

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (VCC) «vovoveeeeieieieieiee e -0.3V to +6V
Input Voltages
T e e IOy, S OO, I AL -0.3Vto (Vce - 0.3V)
RIN (Except MAX220) .......c.oooviiiiieeieeeeeeeee e +30V
RiN(MAX220). ki sovmvsormmssnvssmmissamssmssins st ki Sty 25V
TouT (Except MAX220) (NOte 1) v.oovveiiiieiiiieiiee e +15V
TOUT (MAX220)i...0icmmsemessssavismmm svsimsionesvasr siamsvedronipaisvns +13.2V
Output Voltages
TE@UIT ivevseivuweabbesdinnitis svmmesswsistus s et sossy o ey R S T S5 +15V
= 0] ] Eet intm et S R ] -0.3Vto (Vee + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

MAX2_ _AC__, MAX2__C_
MAX2_ _AE__, MAX2_ _E__
MAX2_ _AM_ _, MAX2_ _M_ _ -55°C to +125°C
Storage Temperature Range................ ...-65°C to +160°C
Lead Temperature (soldering, 10SEC) .......ccocvvevivivennnnne +300°C

............ -40°C to +85°C

Note 1: Input voltage measured with TouT in high-impedance state, SHON or Vcc = 0V.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximurn Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operationai sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/242

(S R = A R YA Wi iMmi it

{(Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, TA = TMIN to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS I MIN TYP MAX I UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 \Y
Input Logic Threshold Low 1.4 0.8 \
: ; All except MAX220 2 1.4
Input Logic Threshold High MAX220. VoG = 5.0V I Vv
. Ali except MAX220, normai operation 5 40
Logic FulUn/neut Gusrery SHDN = 0V, MAX222/242, shutdown, MAX220 =00t J 21 b
Culsuiiteaikags Enrrert Ve = 5.5V, SHDN = 0V, Vout = 15V, MAX222/242 +0.01 +10 A
Vce = SHDN =0V, Vout = £15V +0.01 +10
Data Rate All except MAX220, normal operation 200 116 kb/s
Transmitter Output Resistance Ve = V+ = V-=0V, Vour = +2V 300 10M Q
Output Short-Circuit Current Vout = OV +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \Y
RS-232 Input Threshold Low Vee =5V allexcept MAX2IS. B3 98 18 Y
MAX243 R2)N (Note 2) -3
RS-232 Input Threshold High Vec = 5V il r e Sl b el v
MAX243 R2|N (Note 2) -0.5 -0.1
85-232 Input Hysteresis All except MAX243, Vcc = 5V, no hysteresis in shdn. 0.2 0.5 1 v
| MAX243 1
| RS-232 Input Resistance 3 5 7 kQ
| TTLICMOS Output Voltage Low louT = 3.2mA 02 0.4 v
| TTLCMOS Output Voltage High louT = -1.0mA 35 Vec-02 v
| TTLUCMOS Output Short-Circuit Current Sogrmlng Vout = GND E g mA
[ Shrinking Vout = Vcc 10 30
2 M AXI MV




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vce = +3V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, TA = TMIN to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vg or EN = Ve (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current Ve Voureveg +0.05 +10 pA
EN input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 20 1.4 Vv
Operating Supply Voltage 45 5.5 \Y
MAX220 0.5 2
No load
Vce Supply Current (SHDN = Veg), MAX222/232A/233A/242/243 4 10 ia
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
TA = 0°C to +70°C 2 50
Shutdown Supply Current MAX222/242 S il uA
TA = -40°C to +85°C 2 50
TA = -55°C to +125°C 35 100
SHDN inpui Leakage Curreni MAX222/242 =1 HA
SHDN Threshold Low MAX222/242 1.4 0.8 %
SHDN Threshold High MAX222/242 20 . 1.4 v
CL = 50pF to 2500pF,
RL=3kQto7kQ, | MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Vce =5V, Ta= +25°C, V/us
measured from +3V | max220 15 3 30
to -3V or -3Vto +3V
MAX222/232A/233A/242/243 1.3 3.5
Transmitter Propagation Delay tPHLT MAX220 2 0
TLL to RS-232 (normal operation), us
) i MAX222/232A/233A/242/243 1.5 35
Figure 1 tPLHT
MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay tPHLR MAX220 06 3
RS-232 to TLL | tion), s
Feliia termal operaliot : MIAX222/232A/233A/242/243 06 1 E
i MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 S
RS-23210 TLL (shutdown), Figure 2 [1p s MAX242 25 TR i
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpr MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242, 0.1uF caps 250 B
(SHDN goes high), Figure 4 ET (includes charge-pump start-up) H
Transmitter-Output Disable Time
4 pF n
(SHDN goes low), Figure 4 o1 Wexsazi242.0, TR caps B :
Transmitter + to - Propagation ) B MAX222/232A/233A/242/243 300 -
Delay Difference (normal operation) FHLI = ELEMT MAX220 2000
Receiver + to - Propagation t I MAX222/232A/233A/242/243 100 "
Delay Difference (normal operation) PHLR - IPLHR MAX220 225
Note 3: MAX243 R20yT is guaranteed to be low when R2)n is = 0V or is floating.
MAXIMN 3

6VCXVIN-0CCXVIN



MAXZZ0-MIAXZ4Y

+5V-Powered, Multichannel RS-232
Drivers/Receivers

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

Typical Operating Characteristics

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 : i = 1 11 1 , , & +0V — w
; \ H g ( OUTPUT LOAD CURRENT |3 T rcaes g
THER V4 ORV- LOADED | ™ 10 FLOWS FROMV+ TO V- % Lo E:
6 L EITHER V4 OR V- LOADED N : Vadl ot e i
N L O = ALLCAPS |~ A i
S 4 | Vee=sSV — T = 5V T
= NOLOAD ON = \‘h —] = SFON
& 2 | TRANSMITTER OUTPUTS £ 4 Vg = +5.25V & o
a | (EXCEPT MAX220, MAX233A) & ~— 5
gl | I | 3 ALL CAPS s =
2 2 | V- LOADED, NO LOAD ON V+ 5 7 [ o0if Tt ] —
5 Lo 4 g 4 Vee = #4.75V = VL Fears
S 4 0.1uF | [TU— e 6 1 = \{ =
TN <t |
-6 , L |
I % 5 o os ]
o V+ LOADED. NO LOAD ON V- ) L ;
0 5 10 15 20 25 0° 102 30 40 5 - 60 500us/div
LOAD CURRENT (mé) DATA RATE (kbits/sec)
& MAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

VE O s it oo -0.3Vto +6V
N e e L R (Vcc - 0.3V) to +14V
Vo it et i i nnn o bt sosas s nng s tsos o bonen +0.3V to-14V
Input Voltages

L o e e e i, R e J -0.3Vto (Vcc +0.3V)

L e +30V
Output Voltages

TOUT, seinssrivvssssastosinness st mbains (V++0.3V) ¢ (V--0.3V)

BOUITE < eiivsieinssmsnnlncioasssoveiss -0.3Vto (Ve +0.3V)
Short-Circuit Duration, TOUT .ovvovvveveeeceeieeiee Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C) .......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mW.

20-Pin Wide SO (derate 10 00mW/°C above +70°C)....... 800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mwW
28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1W
44-Pin Plastic FP (derate 11.11mW/°C above +70°C) .....889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C).......... 727TmW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........ 889mwW
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) .............. W
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mW

Operating Temperature Ranges
MAAZ S SOl iy Mo vververnananininnas 0°C to +70°C
MAX2 __E __ -40°C to +85°C
MAKZ/ A2 et B W -55°C to +125°C
Storage Temperature Range .............ccecoveenn. -65°C to +160°C
Lead Temperature (soldering; 10seC) ...o...oiecveivvienvrennn... +300°C

Stresses beyond those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any cther conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximurn rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V +£10; MAX233/MAX235, Vce = 5V 5%, C1-C4 = 1.0pF; MAX231/MAX239,
Vee =5V £10%,; V+ = 7.5V to 13.2V; Ta = TMIN to Timax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All transmitter outputs loaded with 3kQ2 to ground +5.0 27.3 v
MAX232/233 5 10
Ve Power-Supply Current ;': O oG | MAX223/230/234 238/240/241 7 15 mA
MAX231/239 0.4
V+ Power-Supply Current e la P mA
MAX239 '3 15
Shutdown Supply Current | Ta = +25°C A i '3 i pA
MAX230/235/236/240/241 1 10
Input Logic Threshold Low | Tin; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v
TIN 2.0
Input Logic Threshold High EN, SHDN (MAX223); 7 %
EN, SHDN (MAX230/235/236/240/241)
Logic Pull-Up Current TIN=0V 145 200 pA
T B
WM AXIVI 5

6VCXVIN-0OCCXVIN
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ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V +10; MAX233/MAX235, Ve = 5V £5%, C1-C4 = 1.0uF; MAX231/MAX239,
Ve =5V £10%; V+ = 7.5V to 13.2V; Ta = TMIN to TMax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
i o SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold Low i vl v
cC = ov Shutdown (MAX223)
SHDN = 0V, 0.6 1.5
EN =5V (R4|N, ROIN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
& oo SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold High \‘/A N *‘3 b v
cc=5 Shutdown (MAX223)
SHDN =0V, 1.5 2.4
EN = 5V (R4n, RSIN)
RS-232 Input Hysteresis Vee = 5V, no hysteresis in shutdown 0.2 0.5 1.0 \
RS-232 Input Resistance TA = +25°C, Vo =5V < 5 7 kQ
TTL/CMOS Output Voltage Low louT = 1.6mA (MAX231/232/233, loyT = 3.2mA) 0.4 \Y
TTL/CMOS Output Voltage High louT = -1mA 35 Vcc-04 V
0V < Rourt £ Vce; EN = 0V (MAX223);
TTL/CMOS Output Leakage Current EN = Voo (MAX235-241 ) 0.05 +10 LA
MAX223 600
Receiver Output Enable Time Norma‘I ns
operation MAX235/236/239/240/241 400
185! MAX223 900
Receiver Output Disable Time '™ ns
operation MAX235/236/239/240/241 250
3 RS-232 IN o Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT,| SHDN = oV tPHLS 40 us
CL = 150pF (MAX223) o\ 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Vce = 5V,
RL = 3kQ to 7kQ, C = 50pF to 2500pF, measured from | 5.1 30
+3V to -3V or -3V to +3V
Transition Region Slew Rate V/ps
MAX231/MAX232/MAX233, Ta = +25°C, Vce = 5V,
RL = 3kQ to 7kQ, CL = 50pF to 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Output Resistance Vce = V+ =V-=0V, Vourt = £2V 300 Q
Transmitter Output Short-Circuit +10 mA
Current

AKX/
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Vou (V)

Voo (V)

MAXIMN

8.5

8.0

7.5

70

6.5

MAX223/MAX230-MAX241

TRANSMITTER OUTPUT VOLTAGE (Vo)

Typical Operating Characteristics

TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vgy) vs. Vee DIFFERENT DATA RATES vs. LOAD CAPACITANCE
I B 74 5" Ll ; :
A g |w 1 TRANSMITTER LOADED T, = 425°C g
LOADED . 72 ol i _“\Ik L6500, % F
~ M=k
| / i ] W4 100 : J C1-C4 = 1uF—
- 5 | x
1 TRANSMITTER >>(‘ < 90 2 TRANSMITTERS -
ower | P g 2 N L0406
' 77 uten] A B0KGis/sec <] By R SaS N
i 66 [ 20kbis/sec z I~ N\
LOADED | BT
Tp=425°C 64 LTa=45°C 3TRANSM”TERS\P \
C1-C4= 1y ] T [ Voo 80 lowe | F N
/ TRANSMITTER 5o |3 TRANSMITTERS LOADED y, TRANSM,TT}\
4 TRANSMITTERS LOADS = < [R=de L LOADED: N
LOADED | 3kQ 11 2500pF 7 C1-C4=1pF 40 1 I
45 50 55 © 0 50 1000 1500 2000 2500 O 500 1000 1500 2000 2500
Vee (V) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (Vo) vs. Vce DIFFERENT DATA RATES vs. LOAD CURRENT
; 4 60 10
ATRANS-  Ta=s25C 2 Ta= 25°C /g = R —— Z
MITTERS  C1-C4=1uF |2 62 Fvge=45V 2 L H
LOADED ™ TRANSMITTER] 3 TRANSMITTERS LOADED / 6 Th=425°C
\ LOADS = 84 =30 v 2 Vg = +5V ol
S 3kQ 11 2500pF PO ISR /] C1-C4 = 1uF
A g | s 2 V- | V- LOADED,
e FRol) I i %0 |eounty —-Notowo |+ L0A0ED
I ~ s Blibis/sec e e Y, NO LOAD
1 TRANS- 70— 20KKbits/sec <] < ON V- ——
MITTER o
woaoeo // & : / 4
5. 3TRANS & e 5 /1L Y -
| 2 TRANS-__ - —
MITTERS  MITTERS 74 -~ s ] — ]
LOADED  LOADED e o~ & [ ALL TRANSMITTERS UNLOADED
45 50 55 S0 50 1000 1500 2000 - 2500 0 5 10 15 20 25 30 35 40 45 50
Vee (V) LOAD CAPAGITANCE (pF) CURRENT (mA)
V+, V- WHEN EXITING SHUTDOWN
(1uF CAPACITORS)
MAX220-13
Ve
it :
o 7 ROSNEGEE S SEP)
ik i
L ‘ m.
500ms/div
*SHUTDOWN POLARITY IS REVERSED
FORNON MAX241 PARTS .
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voliage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to +10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum +5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to 0V, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to Vce. This is because V+
is internally connected to Vce in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is +8V when
loaded with a nominal 5kQ RS-232 receiver and VcC =
+5V. Output swing is guaranteed to meet the EIATIA-
232E and V.28 specification, which calls for +5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, Vcc = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400kQ input pull-up resistors to Vcc are built in
(except for the MAX220). The pull-up resistors-force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12uA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes (maximum 25pA)—when in shutdown
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mode, in three-state mode, or when device power is
removed. Outputs can be driven to £15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
ouputs of the unused drivers low. Connect unused inputs
to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239—
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1A
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic O, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low X High Impedance
MAX223 i Hign | Low LN Active
Hign | Hign | i Hign Impedance
| Low Hign Impedance
M iy e o High Active
MAX235 | Low Low High Impedance
MAX236 | Low _ L High Active
MAX240 | Hignh X High Impedance

MAXIMN
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nominal 5kQ values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves

system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the 0 or “OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

Drivers/Receivers

Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5ps for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX?241) also disables the receiver outputs

receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn oif and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, 15, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENRis a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with & capacitor of the same value as C1 and
C2 connected as close as possible to the device.

M AKXV
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TOP VIEW 3k
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°C to +70°C Dice*

MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AESE -40°C to +85°C 16 Narrow SO
MAX222C/D 0°C to +70°C Dice* MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEJE -40°C to +85°C 16 CERDIP
M \222EWN -40°C to +85°C 18 Wide SO MAX232AMJE -55°C to +125°C 16 CERDIP
MAX222EJIN -40°C to +85°C 18 CERDIP MAX232AMLP -55°C to +125°C 20LCC
MAX222MJN -55°C to +125°C 18 CERDIP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 SSOP MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CWI 0°C to +70°C 28 Wide SO MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EAlI -40°C to +85°C 28 SSOP MAX233AEPP -40°C to +85°C 20 Plastic DIP
MAX223EWI -40°C to +85°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide SO
MAX225CWI 0°C to +70°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX225EWI -40°C to +85°C 28 Wide SO MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234C/D 0°Cto+70°C Bical
MAX230CWP 0°C to +70°C 20 Wide SO MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP -40°C to +85°C 20 Wide SO MAX234MJE -55°C to +125°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP -55°C to +125°C 20 CERDIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C 8 R7C°Q 16 Wide SO MAX235MDG -55°C'tc +125°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231C/D 0°C to +70°C Dice* MAX236CWG 0°C to +70°C 24 Wide SO
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236C/D 0°C to +70°C Dice*
MAX231EWE -40°C to +85°C 16 Wide SO MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231EJD -40°C to +85°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide SO
MAX231MJD -55°C to +125°C 14 CERDIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236MRG -55°C to +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide SO
MAX232C/D 0°C to +70°C Dice* MAX237C/D 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237EWG -40°C to +85°C 24 Wide SO
MAX232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232EJE -40°C to +85°C 16 CERDIP MAX237MRG -55°C 10 +125°C 24 Narrow CERDIP |
MAX232MJE -55°C to +125°C 16 CERDIP MAX238CNG 0°Cto +70°C 24 Narrow Plastic DIP :
MAX232MLP -55°C to +125°C 20LCC MAX238CWG 0°C to +70°C 24 Wide SO f
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dice"
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232ACWE 0°C to +70°C 16 Wide SO * Contact factory for dice specifications

MAXIMN 35
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T89CS51AC2

8-bit MCU with 32K byte Flash, 10 bit A/D and EEPROM

1. Description

The T89CS1AC2 is a high performance FLASH version
of the 80C5!1 single chip 8-bit microcontrollers. It
contains a 32Kbyte Flash memory block for program
and data.

The 32K byte FLASH memory can be programmed
either in parallel mode or in serial mode with the ISP
capability or with software. The programming voltage
is internally generated from the standard V¢ pin.

The T8ICS1AC2 retains all features of the 80C52 with
256 bytes of internal RAM, a 7-source 4-level interrupt
controller and three timer/counters.

In addition, the TS9C51AC2 has a 10 bit A/D converter,
a 2Kbytes Boot Flash memory, 2 Kbyte EEPROM for
data, a Programmable Counter Array, an XRAM of 1024
bytes, a Hardware Watchdog Timer and a more versatile
serial  channe!  that  facilitates  multiprocessor
communication (EUART).

2. Features

® B80CS52 core architecture
e Double Data Pointer
e 256 bytes of on-chip RAM
® [Kbytes of on-chip XRAM
® 32 Kbytes of on-chip Flash memory
® 2 Kbytes of on-chip Flash for Bootloader
® 2 Kbytes of on-chip EEPROM
® 14 interrupt sources with 4 priority level
® Three 16-bit timer/counters
® Full duplex Enhanced UART
® High speed architecture
e 40 MHz in standard mode
e 20 MHz in X2 mode (6 clocks'machine cycle)
® Five ports: 32 + 2 digital I’O lines
® Programmable Counter Array with 5 16-bit channels :
e High-speed output
e Compare / Capture

The fully static design of the T89C51AC2 allows to
reduce system power consumption by bringing the clock
frequency down to any value, even DC, without loss of
data.

The T89C51AC2 has 2 software-selectable modes of
reduced activity and an 8 bit clock prescaler for further
reduction in power consumption. In the idle mode the
CPU is frozen while the peripherals and the interrupt
system are still operating. In the power-down mode the
RAM is saved and all other functions are inoperative.

The added features of the T89CS51AC2 make it more
powerful for applications that need A/D conversion,
pulse width modulation, high speed I/O and counting
capabilities such as industrial control, consumer goods,
alarms, motor control, ...

While remaining fully compatible with the 80C52 it
offers a superset of this standard microcontroller. In X2
mode a maximum external clock rate of 20 MHz reaches
a 300 ns cycle time.

e Pulse Width Modulator
e Watchdog Timer (Channel 4)

® Hardware watchdog timer (One-time enabled with
Reset-out)

® A 10-bit resolution analog to digital converter (ADC)
with 8 multiplexed inputs

e 20 microsecond conversion time
e Two conversion modes
® Asynchronous port reset
e Low EMI (inhibit ALE)
e Power control modes:
e Idle mode
e Power down mode
® Power supply: 4.5V to 5.5V
® Temperature range: Industrial (-40 to +85C)
Packages: VQFP44 1,4 mm, PLCC44, CA-BGA64*

* on request
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3. Block Diagram
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(1): 8 analog Inputs / 8 Digital I/O
(2): 2-bit I/0 Port
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T89CS1AC2

4. Pin Configuration
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Table 1. Pin Description

Pin Number
Pin Name Type Description
PLCC44 | VQFP44
P0.0-P0.7 30-37 24-31 [/0  |Port 0:
Port 0 is an 8-bit open drain bi-directional I/O port. Port 0 pins that have 1’s written to
them float, and in this state can be used as high-impedance inputs. Port 0 is also the
multiplexed low-order address and data bus during accesses to external Program and Data
Memory. In this application it uses strong internal pull-ups when emitting 1’s. Port 0 also
outputs the code bytes during program validation. External pull-ups are required during
program verification. In the T89CS1AC2 Port 0 can sink or source 5mA. It can drive
CMOS inputs without external pull-ups.
P1.0-P1.7 3-10 41-44,1-4| 1/0 |Port 1:
Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. Port 1 pins can be used
for digital input/output or as analog inputs for the Analog Digital Converter (ADC). Port
1 pins that have 1’s written to them are pulled high by the internal pull-up transistors and
can be used as inputs in this state. As inputs, Port 1 pins that are being pulled low externally
will be the source of current (IIL, on the datasheet) because of the internal pull-ups. Port
1 pins are assigned to be used as analog inputs via the ADCCF register.
As a secondary digital function, port 1 contains the Timer 2 external trigger and clock
input; the PCA external clock input and the PCA module 1/0.
Port I receives the low-order address byte during FLASH programming and program
verification. In the T89CS1AC2 Port 1 can sink or source SmA. It can drive CMOS inputs
without extemal pull-ups,
3 41 I/0  |P1.0 : Input / Output
I ANO : Analog input channel 0
I T2 : External clock input for Timer/counter2
4 42 /O |PI.1 : [nput / Output
I ANI : Analog input channel 1
I T2EX : Trigger input for Timer/counter2
5 43 [/0O  |PI1.2 : Input / Output
I AN2Z : Analog input channei 2
I ECI': PCA external clock input
6 44 [/O | PL3 : Input/ Output
I AN3 : Analog input channel 3
(6] CEXO0 : PCA module 0 Entry of inpu/PWM output
7 1 I/O | P1.4 : Input / Output
I AN4 : Analog input channel 4
O | CEX1 : PCA module 1 Entry of input/PWM output
8 2 [/O | PL5 : Input / Output
il ANS : Analog input channel 5
(6} CEX2 : PCA module 2 Entry of inpu/PWM output
9 3 [/O | PL.6 : Input / Output
[ ANG : Analog input channel 6
O CEX3 : PCA module 3 Entry of input/PWM output
10 4 [/0 | PL.7 : Input / Output
I AN7 : Analog input channel 7
O CEX4 : PCA module 4 Entry of input/PWM output
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Pin Number
Pin Name Type Description
PLCC44 | VQFP44
P2.0:7 29-22 23-16 [/0O | Port 2:
Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. Port 2 pins that have 1°’s
written to them are pulled high by the internal pull-ups and can be used as inputs in this
state. As inputs, Port 2 pins that are being pulled low externally will be a source of current
(IIL, on the datasheet) because of the internal pull-ups. Port 2 emits the high-order address
byte during accesses to the external Program Memory and during accesses to external Data
Memory that uses 16-bit addresses (MOVX @DPTR). In this application, it uses strong
internal pullups when emitting 1’s. During accesses to external Data Memory that use 8
bitaddresses (MOVX @Ri), Port 2 transmits the contents of the P2 special function register.
It also receives high-order addresses and control signals during program validation.
In the T89CSIAC2 Port 2 can sink or source SmA. It can drive CMOS inputs without
external pull-ups.
P3.0 - P3.7 12-19 6-13 I/O | Port 3:
Port 3 is an 8-bit bi-directional I/O port with internal pull-ups. Port 3 pins that have 1’s
written to them are pulled high by the internal pull-up transistors and can be used as inputs
in this state. As inputs, Port 3 pins that are being pulled low externally will be a source
of current (IIL, on the datasheet) because of the internal pull-ups.
The output latch corresponding to a secondary function must be programmed to one for
that function to operate (except for TxD and WR).
In the T89CS1AC2 Port 3 can sink or source SmA. It can drive CMOS inputs without
external pull-ups.
The secondary functions are assigned to the pins of port 3 as foiiows:
12 6 /O | P3.0 : Input / Output
I Rxd :
Receiver data input (asynchronous) or data input/output (synchronous) of the serial interface
13 v/ [/O | P3.1 : Input / Output
(6} Txd :
Transmitter data output (asynchronous) or clock output (synchronous) of the serial interface
14 8 [/0O | P3.2 : Input / Output
I INTO: External interrupt O input / timer 0 gate control input
15 9 [/O | P3.3 : Input / Output
I INT1: External interrupt 1 input / timer 1 gate control input
16 10 [/O | P3.4 : Input / Output
I TO: Timer O counter input
17 11 I/0 | P3.5 : Input / Output
I TI: Timer 1 counter input
18 12 I/0O | P3.6 : Input / Output
(6] WR:
External Data Memory write strobe; latches the data byte from port 0 into the external
data memory
19 13 [/0 | P3.7 : Input / Output
O RD:
External Data Memory read strobe: Enables the external data memory. In the T89CSIAC2
Port 3 can sink or source SmA. It can drive CMOS inputs without external pull-ups.
Port 4:
Is an 2-bit bi-directional /O port with internal pull-ups. Port 4 pins that have 1’s
P4.0-P4.1 /0 written to them are pulled high by the internal pull-ups and can be used as inputs in
this state. As inputs, Port 4 pins that are being pulled low externally will be a source
of current (IIL, on the datasheet) because of the internal pull-up transistor.
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Pin Number
Pin Name Type Description
PLCC44 | VQFP44
Reset:

RESET 44 38 1o A high level ‘on this .pm during two mach?ne cycles while t‘he oscillator is runnfng
resets the device. An internal pull-down resistor to VSS permits power-on reset using
only an external capacitor to VCC.

ALE:
An Address Latch Enable output for latching the low byte of the address during

ALE 39 13 o accesses to the external memory. The ALE is activated every 1/6 oscillator periods
(173 in X2 mode) except during an external data memory access. When instructions
are executed from an internal FLASH (EA = 1), ALE generation can be disabled by
the software.

PSEN:
The Program Store Enable output is a control signal that enables the external program
memory of the bus during external fetch operations. It is activated twice each machine

PSEN 38 32 0} cycle during fetches from the external program memory. (However, when executing
outside of the external program memory two activations of PSEN are skipped during
each access to the external Data memory). The PSEN is not activated during fetches
from the intenal data memory.

EA:

EA 1 5 I When External Access is held at the high level, instructions are fetched from the
internal FLASH when the program counter is less then 8000H. When held at the low
level, T89CSIAC2 fetches all instructions from the external program memory.

XTALL:
Input of the inverting oscillator amplifier and input of the internal clock generator
circuits.

LAE] Al - J To drive the device from an external clock source, XTALI should be driven, while
XTAL2 is left unconnected. To operate above a frequency of 16 MHz, a duty cycle
of 50% should be maintained.

XTAL2 40 34 O XTAL2: Output from the inverting oscillator amplifier.

VAGND 1 39 I Reference Ground for ADC

VCC 42 36 I Supply voltage during normal, idle, and power-down operation.

VSS 43 37 I Circuit ground potential.

VAREF 2 40 I Reference Voltage for ADC
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ADCON  EQU  OF3H

ADCF EQU  OF6H

ADCLK  EQU  OF2H

ADDH EQU  OFSH

ADDL EQU  OF4H
g

TH2 EQU  O0CDH
TL2 EQU  0CCH
T2CON EQU  0C8H
T2MOD EQU  0C9H
RCAP2H EQU  0CBH
RCAP2L EQU  0CAH
CKCON EQU  O0SFH

MAIN : MOV . ADCF, #01H : CH 0-7, ‘0000 0001’
MOV  ADCON, #20H -EN ADC, 00°1°0 0000 SETB ADEN
LTI LI TELIT L1
MOV A, T2CON
ORL A, #00110000B
MOV T2CON, A

; MOV A, CKCON

; ANL A, #00000001B

; MOV~ CKCON, A ;6 CLOCK

MOV TMOD, #20H

MOV SCON, #50H

; MOV~ PCON, #80H

MOV TH2, #0FFH

MOV TL2, #0F6H

MOV RCAP2H, #0FFH

MOV RCAP2L, #0FBH ;  EC = 57600 FB = 230400

; SETB TRI1



SEQUEN :

LOOP_ADC :

LOOP :

xxx DO NE

JNB

~ 7T

AL

MOV
ORL
MOV

MOV
ANL
MOV

MOV
ORL
MOV

MOV

ANL
CINE

MOV

MOV
TL $
CLR

NOP
NOP
NOP
NOP

A, T2CON

A, #00000100B

T2CON, A

A, ADCON

A, #0F8H

ADCON, A

A, ADCON

A, #08H

ADCON, A

A, ADCON

A, #10H
A, #10H,LOOP

A, ADDH

SBUF, A

TI

; SELEC ANALOG I/P

; 1111 1°000° CLR &or SELC CH 0

; SELEC CHANNAL 0 & START ADC

7

)

bl

)

JNB ADEOC, LOOP sl XXXO Wxxx IS xxx1 x

{ SET BY HARDWARE }

GET ADC

SEND RS232



NOP

NOP
NOP
NOP
NOP
NOP

LIMP LOOP_ADC

END
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using System;

using System.Reflection;

using System.Drawing;

using System.Collections;
using System.ComponentModel;
using System.Windows.Forms;
using System.Data;

using System.1O;

using System.Text;

using System.Threading;
using OpenNETCF;

using OpenNETCF.I0.Serial;

namespace PocketReader
{
/Il <summary>
/Il Summary description for Form1.
/Il </[summary>
public class frmMain : System.Windows.Forms.Form
{
private System.Windows.Forms.TabControl tcMain;
private System.Windows.Forms.TabPage tpStartup;
private System.Windows.Forms.TabPage tpTimeDomain;
private System.Windows.Forms.Panel pnlPort;
private System.Windows.Forms.Label labell;
private System.Windows.Forms.Label label2;
private System.\\'indows.Forms.Label label3;
private System.Windows.Forms.Label labeld;
private System.Windows.Forms.Label label5;
private System.Windows.Forms.Label label6;
private System.Windows.Forms.Panel panell;

private System.Windows.Forms.TextBox txtComPort;



priva‘te System.Windows.Forms.TextBox txtBaudRate;
private System.Windows.AForms.TextBox txtDataBit;
private System.Windows.Forms.ComboBox cbParityBit;
private System.Windows.Forms.TextBox txtStopBit;
private System.Windows.Forms.Label label7;

private System.Windows.Forms.Label label8;

private System.Windows.Forms.Label label9;

private System.Windows.Forms.TextBox txtRecordTime;
private System.Windows.Forms.TextBox txtSamplingRate;
private System.Windows.Forms.TextBox txtDataReceive;
private System.Windows.Forms.Button btnStart;

private System.Windows.Forms.Button btnStop;

private Mooseworks. XYGraph GraphFreq;

private System.Windows.Forms.Button buttonl;

private Mooseworks.XYGraph GraphTime;

private System.Windows.Forms.Button btnCalFFT;
private System.Windows.Forms.TabPage tpFreqDomain;

private System.Windows.Forms.Timer tmRecord;

private TDataBuffer dt;

private int ReceiveCount;
public static Port port;
private System.Windows.Forms.Button button2;
private System.Windows.Forms.Button btnExit;
private System.Windows.Forms.MainMenu mainMenul;
private System.Windows.Forms.Menultem menulteml;
private System.Windows.Forms.Menultem menultem2;
private System.Windows.Forms.Menultem menultem3;
private System.Windows.Forms.Menultem menultemd;

private System.Windows.Forms.Label IbFreq;

private DetailedPortSettings portSettings;



public frmMain()

{
1
/I Required for Windows Form Designer support
1

InitializeComponent();

1
//'TODO: Add any constructor code after InitializeComponent call

1

/I create the port settings

portSettings = new HandshakeNone();

/l create a default port on COM2 with no handshaking

port = new Port("COMI:", portSettings);

// these are fairly inefficient settings

// for a terminal we want to send/receive all data as it is queued
/I so 1 byte at a time is the best way to go

port.RThreshold =16; // get an event for every 1 byte received
port.InputLen =16; /I calling Input will read 1 byte

port.SThreshold =1; // send 1 byte at a time
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osrt.CommEvent(port DataReceived);

cbParityBit.SelectedIndex = 0;

tmRecord.Tick += new EventHandler(tmRecord_Tick);

tcMain.SelectedIndexChanged += new

EventHandler(tcMain_SelectedIndexChanged);



ReceiveCount = 0;
dt = new TDataBuffer(65536);

}

/Il <summary>

/Il Clean up any resources being used.

/Il </[summary>

protected override void Dispose( bool disposing )

{
base.Dispose( disposing );

}

#region Windows Form Designer generated code

/Il <summary>

/Il Required method for Designer support - do not modify

/Il the contents of this method with the code editor.

/Il </summary>

private void InitializeComponent()

{
this.tcMain = new System.Windows.Forms.TabControl();
this.tpStartup = new System.Windows.Forms.TabPage();
this.panell = new System.Windows.Forms.Panel();
this.btnExit = new System.Windows.Forms.Button();
this.btnStop = new System.Windows.Forms.Button();
this.btnStart = new System.Windows.Forms.Button();
this.txtDataReceive = new System.Windows.Forms.TextBox();
this.txtSamplingRate = new System.Windows.Forms.TextBox();
this.txtRecord Time = new System.Windows.Forms.TextBox();
this.label9 = new System.Windows.Forms.Label();
this.label8 = new System.VVindows.Forms.LabelO;
this.label7 = new System.Windows.Forms.Label();
this.pnlPort = new System.Windows.Forms.Panel();
this.txtStopBit = new System.Windows.Forms.TextBox();
this.cbParityBit = new System.Windows.Forms.ComboBox();

this.txtDataBit = new System.Windows.Forms.TextBox();



this.txtBaudRate = new System.Windows.Forms.TextBox();
this.txtComPort = new System.Windows.Forms.TextBox();
this.label6 = new System.Windows.Forms.Label();
this.labelS = new System.Windows.Forms.Label();
this.label4 = new System.Windows.Forms.Label();
this.label3 = new System.Windows.Forms.Label();
this.label2 = new System.Windows.Forms.Label();
this.labell = new System.Windows.Forms.Label();
this.tpTimeDomain = new System.Windows.Forms.TabPage();
this.button2 = new System.Windows.Forms.Button();
this.GraphTime = new Mooseworks.XYGraph();
this.buttonl = new System.Windows.Forms.Button();
this.tpFreqDomain = new System.Windows.Forms.TabPage();
this.IbFreq = new System.Windows.Forms.Label();
this.btnCalFFT = new System.Windows.Forms.Button{);
this.GraphFreq = new Mooseworks.XYGraph();
this.tmRecord = new System.Windows.Forms.Timer();
this.mainMenul = new System.Windows.Forms.MainMenu();
this.menultem1 = new System.Windows.Forms.Menultem();
this.menultem2 = new System.Windows.Forms.Menultem();
this.menultem3 = new System.Windows.Forms.Menultem();
this.menultem4 = new System.Windows.Forms.Menultem();
1"

/I tcMain

1

this.tcMain.Centrols.Add(this.tpStartup);
this.tcMain.Controls.Add(this.tpTimeDomain);
this.tcMain.Controls.Add(this.tpFreqDomain);
this.tcMain.SelectedIndex = 0;

this.tcMain.Size = new System.Drawing.Size(240, 256);

1

/I tpStartup

1



this.tpStartup.Controls.Add(this.panell);

this.tpStartup.Controls.Add(this.pnlPort);

this.tpStartup.Location = new System.Drawing.Point(4, 4);

this.tpStartup.Size = new System.Drawing.Size(232, 230);

this.tpStartup.Text = ""Startup"';

1

// panell

1

this.panell.BackColor =
System.Drawing.Color.FromArgb(((System.Byte)(192)), ((System.Byte)(192)),
((System.Byte)(255)));

this.panell.Controls.Add(this.btnExit);

this.panell.Controls.Add(this.btnStop);

this.panell.Controls.Add(this.btnStart);

this.panell.Controis.Add(this.txtDataReceive);

this.panel1.Controls.Add(this.txtSamplingRate);

this.panell.Controls.Add(this.txtRecordTime);

this.panell.Controls.Add(this.label9);

this.panell.Controls.Add(this.label8);

this.panell.Controls.Add(this.label7);

this.panell.Location = new System.Drawing.Point(8, 150);

this.panell.Size = new System.Drawing.Size(216, 80);

1

// btnExit

1

this.btnExit.Location = new System.Drawing.Point(160, 53);

this.btnExit.Size = new System.Drawing.Size(48, 24);

this.btnExit.Text = "Exit";

this.btnExit.Click += new System.EventHandler(this.btnExit_Click);

/1

/I btnStop

1

this.btnStop.Location = new System.Drawing.Point(160, 28);



this.btnStop.Size = new System.Drawing.Size(48, 24);
this.btnStop.Text = ""Stop"';

this.btnStop.Click += new System.EventHandler(this.btnStop_Click);
1

// btnStart

I

this.btnStart.Location = new System.Drawing.Point(160, 3);
this.btnStart.Size = new System.Drawing.Size(48, 24);
this.btnStart.Text = "Start";

this.btnStart.Click += new System.EventHandler(this.btnStart_Click);
I

/I txtDataReceive

1

this.txtDataReceive.Location = new System.Drawing.Point(88, 46);
this.txtDataReceive.Size = new System.Drawing.Size(48, 28);
this.txtDataReceive. Text = "0";

1

/I txtSamplingRate

1

this.txtSamplingRate.Location = new System.Drawing.Point(88, 24);
this.txtSamplingRate.Size = new System.Drawing.Size(48, 20);
this.txtSamplingRate.Text = "4800"";

1

/I txtRecordTime

"

this.txtRecordTime.Location = new System.Drawing.Point(88, 3);
this.txtRecord Time.Size = new System.Drawing.Size(32, 20);
this.txtRecordTime.Text = "o,

1

/' label9

/1

this.label9.Location = new System.Drawing.Point(4, 49);

this.label9.Size = new System.Drawing.Size(85, 16);



this.label9.Text = "Data Received :";

I

/' 1abel8

1/

this.label8.Location = new System.Drawing.Point(3, 27);
this.label8.Size = new System.Drawing.Size(85, 16);
this.label8.Text = "SamplingRate :";

I

/I 1abel7

1

this.label7.Location = new System.Drawing.Point(8, 4);
this.label7.Size = new System.Drawing.Size(72, 16);
this.label7.Text = "RecordTime :"';

I

/f pniPort

1

this.pnlPort.BackColor =

System.Drawing.Color.FromArgb(((System.Byte)(192)), ((System.Byte)(192)),

((System.Byte)(255)));

this.pnlPort.Controls.Add(this.txtStopBit);
this.pnlPort.Controls.Add(this.cbParityBit);
this.pnlPort.Controls.Add(this.txtDataBit);
this.pnlPort.Controls.Add(this.txtBaudRate);
this.pnlPort.Controls.Add(this.txtComPort);
this.pnlPort.Controls.Add(this.label6);
this.pniPort.Controis.Add(this.iabel5);
this.pnlPort.Controls.Add(this.label4);
this.pnlPort.Controls.Add(this.label3);
this.pnlPort.Controls.Add(this.label2);
this.pnlPort.Controls.Add(this.labell);
this.pnlPort.Location = new System.Drawing.Point(8, 8);
this.pnlPort.Size = new System.Drawing.Size(216, 136);

1"



/I txtStopBit

I

this.txtStopBit.Location = new System.Drawing.Point(72, 106);
this.txtStopBit.Size = new System.Drawing.Size(40, 20);
this.txtStopBit.Text ="1";

I

/I cbParityBit

1

this.cbParityBit.Items.Add{"NONE");
this.cbParityBit.Items.Add(""ODD");
this.cbParityBit.Items.Add("EVEN");
this.cbParityBit.Location = new System.Drawing.Point(72, 85);
this.cbParityBit.Size = new System.Drawing.Size(80, 21);

1

/I txtDataBit

1

this.txtDataBit.Location = new System.Drawing.Point(72, 63);
this.txtDataBit.Size = new System.Drawing.Size(40, 20);
this.txtDataBit.Text = "8";

1

/[ txtBaudRate

/1

this.txtBaudRate.Location = new System.Drawing.Point(72, 41);
this.txtBaudRate.Size = new System.Drawing.Size(80, 20);
this.txtBaudRate.Text = ""57600";

1

/l txtComPort

I

this.txtComPort.Location = new System.Drawing.Point(72, 19);
this.txtComPort.Size = new System.Drawing.Size(80, 20);
this.txtComPort.Text = "COMI1:";

/I

/I 1abel6



I

this.label6.Location = new System.Drawing.Point(16, 108);
this.label6.Size = new System.Drawing.Size(56, 16);
this.label6.Text = "StopBit :"';

1

// 1abel5

1

this.label5.Location = new System.Drawing.Point(16, 88);
this.label5.Size = new System.Drawing.Size(56, 16);
this.labelS.Text = "ParityBit :";

1

/'label4

/I

this.label4.Location = new System.Drawing.Point(16, 65);
this.label4.Size = new System.Drawing.Size(48, 16);
this.label4.Text = "DataBit :";

1

/['label3

/

this.label3.Location = new System.Drawing.Point(8, 43);
this.label3.Size = new System.Drawing.Size(64, 16);
this.label3.Text = "BaudRate :";

1

/' 1abel2

1

this.iabel2.Location = new System.Drawing.Point(16, 21);
this.label2.Size = new System.Drawing.Size(56, 16);
this.label2.Text = "Comport :";

1

// 1abell

1

this.labell.ForeColor =

System.Drawing.Color.FromArgb(((System.Byte)(0)), ((System.Byte)(0)), ((System.Byte)(192)));



this.label1.Size = new System.Drawing.Size(216, 16);
this.label1.Text = "Comport Selection";

this.label1.TextAlign = System.Drawing.ContentAlignment.TopCenter;
1

/I tpTimeDomain

1

this.tpTimeDomain.Controls.Add(this.button2);
this.tpTimeDomain.Controls.Add(this.GraphTime);
this.tpTimeDomain.Controls.Add(this.buttonl);
this.tpTimeDomain.Location = new System.Drawing.Point(4, 4);
this.tpTimeDomain.Size = new System.Drawing.Size(232, 230);
this.tpTimeDomain.Text = ""Time Domain";

i

/I 'button2

1

this.button2.Location = new System.Drawing.Point(27, 206);
this.button2.Size = new System.Drawing.Size(89, 24);
this.button2.Text = "Time Domain'’;

this.button2.Click += new System.EventHandler(this.button2_Click);
1

/[ GraphTime

1

this.GraphTime.AutoScale = Mooseworks.AutoScale.Both;
this.GraphTime.Caption = "";

this.GraphTime.Graphs = new Mooseworks.Graph([] {

new Mooseworks.Graph(System.Drawing.Color.Red, true),

new Mooseworks.Graph(System.Drawing.Color.RoyalBlue,

true),

new Mooseworks.Graph(System.Drawing.Color.Purple, true),



new Mooseworks.Graph(System.Drawing.Color.Turquoise,

true),

new Mooseworks.Graph(System.Drawing.Color.Magenta,
true),

new Mooseworks.Graph(System.Drawing.Color.Aqua, true),

new Mooseworks.Graph(System.Drawing.Color.CadetBlue,
true),

new

Mooseworks.Graph(System.Drawing.Color.LightSlateGray, true)};

this.GraphTime.MajorGrid.Color = System.Drawing.Color.Gray;

this.GraphTime.MajorGrid.ControlRef = null;

this.GraphTime.MajorGrid.Visible = false;

this.GraphTime.MinorGrid.Color = System.Drawing.Color.Gray;

this.GraphTime.MinorGrid.ControlRef = null;

this.GraphTime.MinorGrid.Visible = false;

this.GraphTime.PlotBackgroundColor = System.Drawing.Color.Linen;

this.GraphTime.Size = new System.Drawing.Size(232, 208);

this.GraphTime XAxis = new Mooseworks.Axis(0, 100, 4, 3,
System.Drawing.Color.Red, System.Drawing.Color.Black, System.Drawing.Color.Black, new
System.Drawing.Font("Arial", 8F, System.Drawing.FontStyle.Regular), 1, """,
Mooseworks.AxisPlacement.Bottom);

this.GraphTime.YAxis = new Mooseworks.Axis(-5, 5, 4, 3,
System.Drawing.Color.Red, System.Drawing.Color.Black, System.Drawing.Color.Black, new
System.Drawing.Font(" Arial", 8F, System.Drawing.FontStyle.Regular), 1, "",
Mooseworks.AxisPlacement.Left);

I

// buttonl

i



this.buttonl.Location = new System.Drawing.Point(168, 209);

this.buttonl.Size = new System.Drawing.Size(48, 24);

this.buttonl.Text = "load";

this.buttonl.Visible = false;

this.buttonl.Click += new System.EventHandler(this.button1_Click);

1

I/ tpFreqDomain

1

this.tpFreqDomain.Controls.Add(this.IbFreq);

this.tpFreqDomain.Controls.Add(this.btnCalFFT);

this.tpFreqDomain.Controls.Add(this.GraphFreq);

this.thrquomain.L,oé.ation = new System.Drawing.Point(4, 4);

this.tpFreqDomain.Size = new System.Drawing.Size(232, 230);

this.tpFreqDomain.Text = "Frequency Domain";

i

// IbFreq

I

this.IbFreq.Location = new System.Drawing.Point(123, 211);

this.IbFreq.Size = new System.Drawing.Size(72, 16);

this.IbFreq.Text="0.00";

i/

/I ' btnCalFFT

1

this.btnCalFFT.Location = new System.Drawing.Point(24, 208);

this.btnCalFFT.Size = new System.Drawing.Size(80, 24);

this.btnCalFFT.Text = "FFT";

this.btnCalFFT.Click += new
S_vstem.E\'entHandler(this.btnCalFFI’_CIick);

1

/I GraphFreq

1

this.GraphFreq.AutoScale = Mooseworks.AutoScale.Both;

this.GraphFreq.Caption ="";



this.GraphFreq.Graphs = new Mooseworks.Graph[] {

new Mooseworks.Graph(System.Drawing.Color.Red, true),

new Mooseworks.Graph(System.Drawing.Color.RoyalBlue,

true),

new Mooseworks.Graph(System.Drawing.Color.Purple, true),

new Mooseworks.Graph(System.Drawing.Color.Turquoise,
true),

new Mooseworks.Graph(System.Drawing.Color.Magenta,
true),

new Mooseworks.Graph(System.Drawing.Color.Aqua, true),

new Mooseworks.Graph(System.Drawing.Color.CadetBlue,
true),

new
Mooseworks.Graph(System.Drawing.Color.LightSlateGray, true)};
this.GraphFreq.MajorGrid.Color = System.Drawing.Color.Gray;
this.GraphFreq.MajorGrid.ControlRef = null;
this.GraphFreq.MajorGrid.Visible = false;
this.GraphFreq.MinorGrid.Color = System.Drawing.Color.Gray;
this.GraphFreq.MinorGrid.ControlRef = null;
this.GraphFreq.MinorGEid.Visible = false;
this.GraphFreq.PlotBackgroundColor = System.Drawing.Color.Linen;
this.GraphFreq.Size = new System.Drawing.Size(232, 208);
this.GraphFreq.XAxis = new Mooseworks.Axis(0, 100, 4, 3,

System.Drawing.Color.Red, System.Drawing.Color.Black, System.Drawing.Color.Black, new



System.Drawing.Font(" Arial", 8F, System.Drawing.FontStyle.Regular), 1, "",
Mooseworks.AxisPlacement.Bottom);

this.GraphFreq.YAxis = new Mooseworks.Axis(0, 10, 4, 3,
System.Drawing.Color.Red, System.Drawing.Color.Black, System.Drawing.Color.Black, new
System.Drawing.Font(" Arial", 8F, System.Drawing.FontStyle.Regular), 1, """,
Mooseworks.AxisPlacement.Left);

I

// tmRecord

1

this.tmRecord.Interval = 1000;

I

/I mainMenul

1 ;

this.mainMenu1.MenuItems.Add(this.menuItemI);

1/

/ menulteml

1"
this.menuItem1.MenuItems.Add(this.menuItemZ);
this.menuIteml.MenuItems.Add(this.menuItem3);
this.menuItem1.MenuItems.Add(this.menuItem4);
this.menultem1.Text = "File";

1

/l menultem2

I

this.menultem2.Text = "";

/i

/l menultem3

1

this.menultem3.Text =""";

I

/l menultem4

1

this.menultem4.Text = "Exit";



this.menultem4.Click += new
System.EventHandler(this.menultemd_Click_1);

this.FormBorderStyle =
System.Windows.Forms.FormBorderStyle.Sizable;

1

/I frmMain

1

this.ClientSize = new System.Drawing.Size(240, 253);

this.Controls.Add(this.tcMain);

this.Menu = this.mainMenul;

this.Text = "PocketReader";

}

#endregion

/Il <summary>
/Il The main entry point for the application.

/Il </[summary>

static void Main() .

{

Application.Run(new frmMain());

private double ConvertToVolt(int v)
{
double ret =0.0;
inthb=v;
/I-5 -> +5
double step = (double)(10) / (double)(256);

ret = (b * step) + (-5);



return ret;

private void buttonl_Click(object sender, System.EventArgs e)
{
/' load data
Module[] moduleArray;
moduleArray = Assembly.GetExecutingAssembly().GetModules();
/I In a simple project with only one module, the module at index
/10 will be the module containing this class.
Module myModule = moduleArray[0];
string fileName = myModule.FullyQualifiedName;
string filePath = System.IO.Path.GetDirectoryName(fileName);

dt.LoadFromFile(filePath+'"\\DataFile.dat");

int segment = 0;
int segment_limit = 0;
int len = dt.Length();
if(len > 100)
{
segment_limit = len / 100;
for(int s=0;s<len;s+=100)
{
if(segment < segment_limit)
{
segment++;
double[,] data = new double[2,100];
for (int i=0; i<100; i++)
{
if( (i+s) <len)
{

data[0,i] =i



data[l,i] =

ConvertToVolt(dt.Buffer[i+s]);

}
GraphTime.XYValues = data;

GraphTime.Operate();
GraphTime.Refresh();

Thread.Sleep(100);

-

private void btnCalFFT_Click(object sender, System.EventArgs e)
{

I/l cal FFT
try
{

intlen =dt.Length();
int FFTLen = 1;
while(FFTLen < len)

{
FFTLen = FFTLen * 2;

FFTLen = FFTLen / 2;

Complex[] datai = new Complex[FFTLen];

for(int i=0;i<FFTLen;i++)



datai[i].real = (float)dt.Buffer][i];
datai[i].imaginary = 0;
H

MathEx.FFT fft = new MathEx.FFT();

Complex[] res = fft.Calculate(datai,false);

len = res.Length;

double[] fftgraph = new double[len];

int MaxPosition = 0;

fftgraph[0] = res[0].real * res[0].real ;
for(int k= 1; k < (len+1)/2; ++k)

fftgraph[k] = res[k].real * res[k].real + res[len-k].real

if (len % 2==0)

fftgraph[len/2] = res[len/2].real * res[len/2].real ;
int fSize = (len+1)/2;

double(] oBuff = new double[fSize];
double fMinValue = 1e12F;

double fMaxValue = -1e12F;

oBuff[i] = fftgraphli];
double fTemp = fftgraphli];
ifi > 1)
{
if(fTemp >= fMaxValue)
{



fMaxValue = fTemp;

MaxPosition = i;

}
if(fTemp < fMinValue ) fMinValue = fTemp;

float Freq = 4800F; // Byte / Sec
float aSize = len;
float ratio = Freq/aSize;

IbFreq.Text = Convert.ToString(ratio*MaxPosition);

len =1000;
double[,] data = new double[2,len|;

for(int i=0; i<len; i++)

{
if( (i) < len)
{
data[0,i] = i;
data[1,i] = Math.Log10(fftgraphl[i]);
}
i

GraphFreq.XYValues = data;
GraphFreq.Operate();
GraphFreq.Refresh();

//Thread.Sleep(100);

}

catch(Exception ex)

{
.



private void tmRecord_Tick(object sender, EventArgs )

{
/I on timer
tmRecord.Enabled = false;
if(port.IsOpen)
port.Close();
}

private void port_DataReceived()
{
/I'since RThreshold = 1, we get an event for every character

bytel] inputData = new byte[16];

// read the character

inputData = port.Input;

ReceiveCount += inputData.Length;

txtDataReceive.Text = Convert.ToString(ReceiveCount);

dt.Add(inputData,inputData.Length);

/1 display as text

/Encoding enc = Encoding.ASCII;

/ldisplayString = enc.GetString(inputData, 0, inputData.Length);
Iltry

14

/! this.Invoke(new EventHandler(SetText));

11}

/lcatch(Exception e)



14
/! Console.WriteLine(e.Message);
1}

private void btnStart_Click(object sender, System.EventArgs e)
{

/I start

ReceiveCount = 0;

if(port.IsOpen)

port.Close();

port.PortName = txtComPort.Text;

/[port.Settings.BaudRate =
(BaudRates)Convert.ToUInt16(txtBaudRate. Text);

port.Settings.BaudRate = BaudRates.CBR_57600;

port.Settings.ByteSize = Convert.ToByte(txtDataBit.Text);

switch(cbParityBit.SelectedIndex)

{
case 0: port.Settings.Parity = Parity.none; break;
case 1: port.Settings.Parity = Parity.odd; break;
case 2: port.Settings.Parity = Parity.even; break;
}

port.Settings.StopBits = (StopBits)Convert.ToByte(txtStopBit.Text);

if(port.Open())
{ g
int intv = Convert.ToInt16(txtRecordTime.Text);
intv = intv * 1000;

if(intv > 0)



tmRecord.Interval = intv;

tmRecord.Enabled = true;

private void btnStop_Click(object sender, System.EventArgs e)

{

/I stop
tmRecord.Enabled = false;
if(port.IsOpen)

port.Close();

private void button2_Click(object sender, System.EventArgs e)

{

//show
int segment = 0;
int segment_limit = 0;
int len = dt.Length();
if(len > 100)
{
segment_limit =len / 100;
for(int s=0;s<len;s+=100)
{
if(segment < segment_limit)
{
segment++;
double[,] data = new double[2,100];
for (int i=0; i<100; i++)
{
if( (i+s) < len)



data[0,i] =i;
data[l,i] =

ConvertToVolt(dt.Buffer[i+s]);

}

GraphTime.XY Values = data;
GraphTime.Operate();
GraphTime.Refresh();

Thread.Sleep(100);

private void btnExit_Click(object sender, System.EventArgs e)

{
I

Application.Exit();

private void menultem4_Click(object sender, System.EventArgs )

Application.Exit();

private void menultem4_Click_1(object sender, System.EventArgs e)

{

Application.Exit();

private void tctMain_SelectedIndexChanged(object sender, EventArgs e)

{



1

switch(tcMain.SelectedIndex)

{

case 0: break;

case 1:

- break;

case 2:

doublel[,] data = new double[2,100];

for (int i=0; i<100; i++)

{
data[0,i] =i
data[l,i] = 0;
}
GraphTime.XY Values = data;
GraphTime.Operate();
GraphTime.Refresh();

double[,] data = new double[2,100];
for (int i=0; i<100; i++)
{

data[0,i] =i;

data[l,i] = 0;

}

GraphFreq.XYValues = data;
GraphFreq.Operate();
GraphFreq.Refresh();



IbFreq.Text ="0.00";

break;

private void button3_Click(object sender, System.EventArgs e)
{

d’l @ tdl Y o U ¥ ﬂ' = 1 g 1 Y o ¥ & v ¥
wnansiduenansinanulidmsumslgnuiionisfinwvintu leygalmhlUlguselosuaunisdn

Laidnsdilas viedu Snvieinudlvidaudasilon wassiesgedatainvesenarsynassninisunluly:



(7]

(8]

(9]
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