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gn C AN 1R seaudaias Output Ferulstosann

’[uquwgw%ﬂsmmmnmawau‘lwammm’lmq fiffanmidaud 0 Hz uils
Anudif TS mnudioan wis audveuLs (Cutoff Frequency) rululalag
Lifimsaneuvesdtynos uazimasiive sy radhda it muall Fyymeenais

| ¢ i a wal | o @ v o o o
sedlAnduaud uiluneufURllanansasgyiidutuls iesannisnevaussdyyind
o L3 =l =] 1 [ I i o o o e
AUDR19Y YoegUnaaissLawadn axlunvuassluasslubiiudeundasiuiiiule
Y] v v w P T ) P < & ) o
Matunaladadudegud 1 Aedledyyruiianuigeiuiesisandyyiuaduibeny
< ) a =
UNTZNITLana LN TIRINAINTY

suumauﬂ’rimu'amwﬁ)smmﬂmmm
s =y 5§ o GJ:; I
aGV]G]ENW’*ﬂ'Iﬁﬂ.J’]LUUWLﬂHﬂ’W‘SUﬂ’]ﬁ’f‘)'ﬂ]ﬂLL‘UU’NQ?W&Lﬁ@iﬂjUﬂﬂ'ﬁaxﬂﬂ’J’]ﬂJﬂGﬂN'm
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We = % =291 (2.1)
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2.2.2 'msnﬁaaﬁ'cyzuﬂmm'mﬁqa (High Pass Filter: HPF)

fnauadRnseiutuiuasesnsesdyyiunnudam fenismevaussdedyyines
wIsrzwonlidy g mnudgeiulazanneudyy i JiuaniasuasnsIw
novUAUBISATwEUsITUANLALY dauandlugud 2

1L i
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fad BRI ONRLLE AR FE ST TEITR

it

{e} B 2

15 order

20 T

Atk arder

40

: el ' - =
0 W 14005 0ok 10000 100000 fi bz §

d‘ s A s s 1
JUN 2.6 2993N3098 QY IUANUDFIOUAUAN LAz
1 s = A
NINUEAINANITADUAUBINDNTIVENBLTIAIIND

1 1 ot 1 1 o ﬂd d CI) 1 124
NgUILIINI C Aoaynsufuaeas @ R devuuivines detleunnuiisinind
a1 o U o 1 v [ v o -:J (] 15
w1 C azfirn Xe g virlndyeasiululates vlddymiafitdiuemein C asnsidldvun
1 r.'] d =¥ a0 o 1 1Y é’ s & o
WALlBAUDEITU C 9wdiAn X anas dygnazeuliuiniu dyqrufarainiiisdesas
ws1ed R AU dygruneanluds Output ﬁ]vﬁmﬂ‘umumuﬂummLLiwaaammm
Uszunu ?0 7 % UDIAINUIIGER sesuilioailisndend dremnud cut off Luammaaa
i A dic maaﬂwammmmu%avmﬂLLavm R agdudaraldlvainsg aud
Ferhuludign output s
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2.3 lulasaaulnsataas (Microcontroller)

Jugunsalled (IC: Integrated Circuit) Mlanmunsalusunsunisvhenldduday
anunsafudeyalugudyauddseadluiinisssanaudidinadwidoyafineasann
dethluldnunusioansls llaseeulnsataeinmeludnaziimissaiush, port agfludv
Weeiierdienssnifenldindunsufinmnefinide lulnsroulnsaaesidululas
Tnswawesvianils WwuReafumbeussnaananans (CPU: Central Processing Unit) 74y
poufiumas udldsunsimuuenssnunnienduiiothlulfluraasmisimunumuguie
uwuitlunsldnuardesiersasmeusnsneg isiuduiortululasinswawes fazvinms
sansasisdu iy mhgariudr, dudunniovinm wisdaudlulumlediieaty was
Wineasuedadnlufeiieiimnudnnsamuzassunisidlusumun 9y 29958
a1 19IMTARANTIYN T WITRUAEY g ewaemTuATAea [ufu

Microcontroller = Microprocessor + Memory + /O

lulasreulnsaneiannsmilylsyandldnuedisniimwne Inodnaz Bumsiiluldily
svuuveIgUnsaiaun (Embedded Systems) \ieldimununisvinainuisasig iy 14y
saoud, tarsvlulasian,  1r30eUsuB N, AT eaTnd el d AT udy iwsagdn
Lulasnoulvsataasitaivnzandonslinuniugumaisysems wu

- InleTuazszuuilafauimian

- syuuiildisrmgnndiimslianlaiasinsvaes

- ansilialandudoution trwandafiananafionsaiintulalunisdeisas
- fauandRduudmitounuaalasamedddaldine

- FgansrezIa NS sEuule

P a ¢ v o ot ' al

lulasneulnsalaeiiinasdde narenssga uaznateluosmioiu Jaudaziuadfavd
£/ o d 1 as o o V as 2 1

Taseafrenmeluiazainuaiuisalunisyiaunusndrsiuvinlidenldiuauldegianunay
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2.4 USB (Universal Serial Bus)

' 5 . = i - 1 |
USB 811310 Universal Serial Bus Aia wasy nSovaan19lunisiiousasyiing
a & @ ol | o a ¢ , ¢ o
ABNWILABINURUNTAIDUY LU LATDIANN (Printer) 11d (Mouse) uifufium (Keyboard)
Y aa ¢ o s ¢ 5 P o

NABIAINDA ANITVINULALUNULER LasNISA (Air card) Tudu (Modem) LAS®IALAY
(Scanner) wmmqq iwmaﬂﬂmu,awmsaquaLﬂia@'«aﬂiauﬂwmmwﬂwm el USB
port ﬂamaemamiaamﬁmmaﬂauwamaswwﬂmmauaﬂmammwamuaﬂmwmm
uaum‘maﬂ

Yofvaswain USB

- \u Hot Plug uag Plug & Play ports nuiisannsanenaunsaludldeuldvui Tl
oA aadadlug

- ausastevigunsaimeuenlific 127 Suderesfameiniineies

- ausonewIgUnsalaielmiliunuyneiin Ineladfesfuunsreylsue masn USB wae

- anansadelnligunsaiaunn 5V (USB 2.0) upz 10V (USB 3.0) Wiugunsaiinegle 1513
annsavsIilnvan ivlulasunuldniau USB Port vanasesmaninimnosly

- Yesilvunaanny it nanmsidevianesavsofingu

- seaf UM Tasdy ki uaadaldne 5 wns

- gnsanmuaniumisLe A savesaUnsalieglilaesnTusA

2.5 n1sdeasHIuneSAaYnIY

m‘aaaamwuwmmauﬂmuaa 2 ‘lJ'iuLﬂ'Vlﬂ@ waimaamiaumu MSSP Laznosm
aam'ﬁauﬂm UART lngwesa UART ﬁ]vumiaamwauamuqummimu RS-232 fg
AULS) 9600 bits/second msﬂuwmawauaaummsvﬂau‘lﬂmuum start muma‘uaua
8 Um mﬂuumumﬂ‘um parity uazgavenodn stop Imﬂmsaamwamauwummu
mmmﬂmmaﬂ (LSB) ﬁ]umﬂma@ﬂlﬂmuwmﬂ LLavwauaumwmmmaaam (MSB) 2zgn
denaniduingavine

UART 8831131031 Universal Asynchronous Receiver Transmitter #svsngi
EJUﬂizﬁﬁﬁ’mﬁﬂﬁ%LLavﬁq%’amaLLuuax%aIﬂiﬁaﬁuLaﬁ ﬁww%’umﬁaansaqmuuu
ﬂ@ﬂJW’JLWEﬁLLﬁ’J UART ﬂEJ‘D’]Lﬂu‘lﬂ’ﬂﬁ]a"lﬂEU’U’eNﬂ’}‘JﬁEIﬁ'ﬁLLUUEJuﬂill

wtifindnues UART ﬂam‘mmwLuJadwama‘wa&ﬂ,u‘suLLuwmumnﬂammLmaﬂwagj
'LusULLwauﬂ‘immUavmimuaLLaaaaaaﬂlﬂLLavmwumLLUaaammmaunsmeau
almsiaiitloudunda UART Thdunuuruuneufiszdadnaeufiumed dsuonsn UART

vﬁwauaiﬂmaaummamm aqmmﬁmeauaaufﬂuﬂamml,maiws’mmﬂ WU B3

mmm’iumssuaa*uam (Uamim) iULLUUﬂﬁawaua AaRANaA T AT USEIaNNS
mawaﬂ‘uama (wamﬂﬁmwwm L‘N'iwuama IE]L’;E]‘SS‘L!) Judu
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UART illusztiumadentesdinunuasifuitaiyandoyaazgndseanan vnd
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eI TXD e UART (Tugraulumennudiftvuaailiarmidyaiuidaie
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[

a1 g ¢ P YY) a v .d 1Al v
aaﬂlﬂ%ummu@uﬂmawua VAN RXD asivuniinasnsivaaunddy yrudannlv

& a

ﬁmmﬁuﬁmﬁ'umdaé’mfuum%'aga%gﬂdqaaﬂlﬂwﬁalumﬂul,wiam%y’a duiidunisasdeyyu
maderlumsdedyryiumg nasfesdnienasiuniieafuilyansaiunsdauasiy
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19200, 115200 LLazﬁuq iawnsadonlpamholsadanadasiudidnefulaensaarld
Msfnsauuy UART vildlassedng ndedoya TXD anmieussfiawadimidluganiu
dyeyudaya RXO 'uaawmﬂﬂ'ﬁxLﬁamaﬁaamaxﬁwﬂ'rsca'a‘m%’u/eia‘il’agaaé’uﬁ’uﬁﬁﬂmué’a
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99 UART azdadndu oV (1) uaz 3.3V na 5V (z9)
i&:U‘UL%aaf[mﬁ'lfiﬂ,uQmamﬂismﬁwa1w%am'sm’aﬁﬂaé’mmwmﬁanuwﬂﬁhmwm
fnd 3.3V vieulus 5V azlivilinsionudululesiunndndinesgudseydsnmsd
e salddtygrnnnsgIu UART mv'}"m1'sLLUaaﬂ"lmmfiwﬁnaﬂﬁ@qﬁw%amﬁ'auﬁwm
é‘i’muﬂuJ’1mﬁaﬁﬂﬁﬂﬁmaU%‘uﬁ':yzymﬁmmL%aﬁalﬁuﬂﬂ%uﬁqLﬂmd'mﬁmgﬁawaémaqmmaa
i uavres NETMF thunileuiufio COM wasimnaavdduisuduil oMt Tuszuu
ouRumafarlilil COMO Sufforaziliidamuduaudnteslunsifoulusunsuie
WeuAsanasn CoM luillunesn UART vumihousznanaiilosandilumheUsyananay
ldwmneiavdrdududuil UARTO il UART1 Sensifisuifiesiigniiie COMI wihiiu UARTO

waz COM2 iU UART 1Ldudu
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UNN 3
N1999NLUUITHALNITNINIU

3.1 1AsnAuAUla%in

AENURLATAN BNV

wdesinmnusilafinszuuiineaiildeanuuudy millisnmsinzuanmaiion
LCD unzdnaauazgnasity Bluetooth iNeshaniilgluysznanansiaaeunnuinunfives
fuae infevinanudiladiniifinislivdnnisues Osdllometric msvihsuvessyuufe seuu
wifiwmanuiumeluinligadu sudirnusunelufiganianaduladalududon vy
Théudenfuasaudasliannsalvannluly indussuuaydes gandmuiumeludas
Ma1509599daURIAITLAY systolic lay A1ANUSU diastotic 1¢

Pressure
Sensor

U7 3.1 uanaufenlaunsumsihauvenniesinmnusuladnszuuiinea
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o at a/ o A at at = - - = r
A1MIUKNINTVNIUYRUATOITRAUAULARRSEUUATRDE du150aSulesanannis
auluwsazaiue s 16sai
a @ v o o = s @ o & p ¥ oa v °
LATRIIAAIUAUTDDNLUUNY WHalasunisdaaininsdmiisletelisudunisyineu
& o & d Ql s ol 5
lulasmaulvnsiaed azlunrvunsinuresuawmesifiefiuannuiunieludn anduy
<] & at 1., P! s a " o 1
WugosmuRUITad A llUS1995 181819y Way1935 Band-pass Filter Liiodaly
& @ = & a v ¢ 1 daw [
falulasroulvsiaesiilszaiana WolulasroulysiaesUssananaSouses axlviaiisale
DONUILAAINIINTIIDLDATA

3.1.1 Pressure Sensor Wa¥ Instrument Amplifier

Pressure sensor Tl4ifa MPX2050 mmwmwluﬂﬁLLUaammmmuMaa'LusU
UDILTIAY mmmmaan‘l‘a MPX2050 Luaamﬂﬁmaamﬂﬂmmmmuwaa"lumasvwm 0-
240 mmHg 4 MPXZOSO uumm'immﬂ’nmulf?}‘[.umaivmw 0-375 mmHg lagan
AuaNTRYDI MPX2050 v wanIAsgu

L SR VEmT(EmY . 2o W Y
40 b~ Vg=10Vde - . -
35— ‘fﬁs: 25C | //’fj {
= 0 MPX2050 TYP et st _ |
K P1> P2 % Pl SPAN
- P 1 1. wom I A 11 Ny
E 2% vl RANGE
5 20+ MAX.\ TII /,/ SRS S (TYP}
E 16 ‘ \)‘I/{ 3‘
Bn 27T N %
e MIN
AW A | N Mg
-5 L OFFSET
kPa . 0 125 25 375 50 (TYP)
PSI 1.8 38 5.4 725

A at [ i a . .
JUN 3.2 nsmpudniussendng Output voltage U Differential input pressure

Al U v A =l [ =% o ) 2/ =l
WB99INATINUNDBNAIN Pressure sensor Huuradnuindedndusoedinisvene
Fayeyrau Tagld Instrument amplifier #151a13150U3Us T vene e nALE LS

49.4KQ
R, = —— 3.1
G =] {3.1)
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gﬂﬁ 3.3 2993%878WaAN (Differential Amplifier)

ﬂummmaaﬂa'm Pressure sensor HAIUSZLIN 0-25 mV 'U’J\‘iLL‘Nmuﬂ"NwaH
Usguu 0-5'V muu 90390nk UYL Instrument amplifier 18n319818U52L04 200 1910

3.1.2 Band pass Filter

dudunsasnsosnnudiliunaneazysenoumeaeas3 stage Avandinsesndnud
geru (HPF), dauinsaemanufinan 1y (LPF), wWasweie (Amplifier) 1513gfmunnnudiim
sawlriogluyig 0.8Hz - 38Hz Tumsmusmanuddveanisiazldans

We == =21f; (3.2)

3.1.2.1 1995NT0IANUGNHIY

AGND

R10 RI1 R12
M 15M ok
& £ i O Lwess
voirt ——{f——4— E> _
104 104 6 B —pe. VHPI
AGND r
L
K
sV
ks L L9
M 200K 200K

5U713.4 High-Pass-Filter

U



C4+C5

R+ Ry + Ry =——— (3.3
10T R11 T Rz = e o )
il
Ris + Rig + Ri7 =
15 16 177 (Ri0+R114R12)CaC50?2

Tumsesnuuuilawefazeanuuulilianudmaneeegh 0.8 Hz warflAdns
NSVL8BEN 2 1

3.1.2.2 W50 8d0

— VMAG
VHPI

AGND

i

§UN 3.5 Amplifier
3.1.2.3 19950589ANUAR B

R25

ACS
I"'('” 100
l 47ul
AGND

R20 R21 R22 5 13 —— VP
VMAG AV AN

~WW Wi “"‘:‘r - + LB
SOK L1 Sk ! o |t

104
AGND
AGND

)

U 3.6 Low-Pass Filter
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X
Rog + Ry = —22 35
20 21 = i (3.5)
1
By = (3.6)
(R20+R21)R22C7Cg

L

Tumseanuuuiiawefazeanuuulifinnuiigeimeaviey 38 Hz uasiinidns)
N15UL180E7 2 1911

3.1.3 AC Coupling Stage

ftyey1au Output fi@enan Band-pass Filter Tuazdin1sunia (Swing) GRFEARRRGY
-2.5V auils +2.5V Fseonuuulill offset = 2.5V ielideuinisunisegsening 0-5 v
wededyaalililasaoulnaaesifieysyuranasisly

3V

ComparatorA
LMNB5SSAM'NCPB

20K

UM 3.7 WaRII99SAC Coupling Stage

3
Y]
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3.1.4 Adaptive Comparator

R29
MAA U3 50k
{/NOPB 6 LM311D
i
100k 7
-|—
—=~C11 y
GND 10u
U 3.8 2335 Adaptive Comparator
JuasiimihilunmsSeudieunsuvasdasiu deudiglulasaeulnsaans

o =

erwlilulasreulnsaaeiansnsousniszmanueve sl ndliannsSeudieu
wsatuandu Logic Low %38 Logic High l6fgedu

3.1.5 @7u Microcontroller

=
@ rawd

i

b) o
14

TR fém ;

— . o pat =N
= 2 Ad KL B be - .
T i o T e | Bies e
e e e Triehs 3
. TRANAILRAIT [ “,:i 2
ma — =
&2
I.g
a3
b= TS 3

g‘iJ'ﬁ' 3.9 2933 Microcontroller
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14 Microcontroller wuu PIC we¥ 18F4550 Tumsduimanusulaiin Tng
é‘i’m;gmﬁlﬁmma%%ﬁngﬁm rRA1 Fadudnyaniooadladlay Tnefinsdeaind 39 MCLR
\DuedndildSunisduarmnusiu lneAnauugagalun Famnefemanudiuads oy
anldlunisdnnaranududalndn (Systolic blood pressure) wazamudulauealaan
(Diastolic blood pressure) IngAnnusudaladnazdiaviafu 0.50 wiwesrmmusuaie
wazAmusulauealndnazdaviniu 0.70 vesArnuiuRde

3.1.5.1 WNURINISYINIULaLATaTinanusulais

=)

Motor ON

Solenoid Value ON

Pressure

220 mmHg

Off Motor

On Solenoid Value
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Detect Peak

Find Pressure Value

Analysis Data

SP Value

DP Value

Send USB

l
)
|

END

d a o dl s e
EUW 3.10 HNURNINITIUYDILATDIIAAIUAU

Lﬁaﬂmﬂm Lﬂ%‘aﬁmmmﬁu%ﬁﬂmsﬁmuL%’wliﬂuCuff funouiiuowmesuarleduesd
'J’]ﬁ']'ﬂu’é]ﬁﬂﬂﬁﬂ’m“ ON uflaszduanusudl 220 mmHg wamasma&ﬂ,uamuv OFF %8930
uulm‘[ﬂiﬂau‘imgaaﬁviummﬂ Pressure Sensor Lay mmsuuwﬂﬂﬂuﬂj’mauawmaqmi
LLauuwmamaﬁimqu']ﬂwaqLﬂ‘mvmwammmmmﬂawmavLLammamwmaa LCD
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=
umn 4
HAN1INAaaY

4.1 N15INAUAULANAR

4.1.181dutunnsmaans

1.1 vhiluausefiuanevioauyes cuff fulwuLasunaTaeLRusoLEY
vioauvosAw

1.2 918U596U970 Power Supply liiua99s

1.3 1" DVM (Digital Volt Meter) ﬁg@ﬂwui’mﬁmaﬁulwmai'ﬂfhmnﬁwmﬁaaﬂmn
Instrument Amplifier

1.4 vinanusuliiy cuff Tagduaudn s whheiummasuiing inauduuas
sruAusslnnsafldaAtmes Tuiinaadlunised 4.1

1.5 11 Oscilloscope Jadyanapedafianfioany1ain Band-Pass Filter

@ e 1 ) i = Y] 1
M5 4.1 ANUANAUSTENINN SN UTI8DATININStrument Amplifier fina1afieneg

AMUAUEDA (Pressure) mmHg wssauiialdaanuieen (Voltage)Volt
20 0.22
40 0.43
60 0.64
80 0.82
100 1.01
120 1.20
140 1.39
160 L5%
180 LA
200 1.94
220 2,13
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4.1.2 Y0y 1000a8Laniini1u9as Band-Pass Filter

DSO-X 20028, MY52167131: Wed Nov 1923:61:30 2014
‘ 35.00: 7.000s/ Stop Roll

Agilent

Acquisition
Normal
1.00kSal

Channels
1.00:1

Measurements
Max(1)

Max \ |

|| Freaf2)

Measurement Menu
Source Add Settings Clear Mess
y i it Measurement = E 5

foll
Agilent

Apquisition
Nor mal
10.0kSa/

Channels
1.00:1

Measurements
| Max(1)
] 1.12v
|| Max(2)

Add Settings Clear Meas
Measurement - -

E‘Uﬁ 4.2 Oscillometric signal(Channel2) uag Pulse signal(Channell)
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nsuAnIANNANRURszuiAnNAURTRlA(MMHE) AU Anudusrsdiidainisia(mmHg)

300

250

200

73n (mmHg)

150

a af v

AUTIAUDIBIN ABan

»

100

a

50

0 .4 ‘ l 1 ( :
0.00 50.00 100.00 150.00 200.00 250.00 300.00

o o

Ausaauiinla (mmHg)

- o W | v Ao vy 9 v ¥ a dw @
JUN 4.3 nsmlpnaduiusseninanuduiiialiimmHgiumususndwdenisin
(mmHg)

- 1o
4.1.3 nMsnaavuiednnANLiNg1vaaUnsel

A58 4.2 MsiTeuiiguauusiughwasgunsal

Aufl m'%'aaﬁﬂizﬁwﬁ(mmHg) 1A383 Ornron(mmHe) AUAAIALAGZD1(%)
SYS DYS SYe DYS JB DYS
1 109 69 T8 72 3:5398 4.1667
2 123 8 120 84 2.5000 7.1429
3 112 71 110 67 1.8182 5.9701
4 92 65 97 69 5.1546 57971
5 106 70 101 78 4.9505 10.2564
6 101 67 94 65 7.4468 3.0769
i 130 83 7.0 94 2.3622 117021
8 90 58 96 63 6.2500 1.8365
g 116 73 122 86 4.9180 15:116%
10 98 68 107 7l 8.4112 4.2254
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4,1.4 N15YNaa9a9IU USB

Wavinsinainusulafiaual agldaimnududalnanuasailawealadn Seuang

KNUntRaueadAsgy

JUT 4.4 meudulafiadidnle

Nt Microcentroller 9gvhmsastoyamimusufiinlaniu USB 1niuavidg

Raspberry pi iitedaiuaililugrudoya

# Operawons Triggers

| 7ic

Browse  » Swuclure

= SOL Search

# Showing rows 0 - 2 ( 3total, Query 100k 0.0007 set

SELECT
FROM thi_users
LIMITO 30
Profiling fintine] [ Edit ) [ Expla
Show: Startrow K Hea eve ows

2y None v
—T— * userlD name email userName passWord ip created Sys Dys

Edn B Delet Amm amp_5._J Mybrave : 100 )

# o Delete Thana Som ai Tr
3 Delel r
All With se/ected Change & Delete ., Expont

§UT 4.5 ideder tinlalufulifigiudoya
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o
unl 5
dyduaziansalnanisnaaag

dsd

1. Whlanannsinanusulaiie s luliiAaanuiewats wu arsdelvavieluvne e 1o
MSUTUVENYIINITIR MsIaldmIsIalundunsoSaurniiuly Wuduy

2. aNT0as TN TUTBUEUN T InAIUS IR UL e2 Sensor MPX2050 Ll
al 1 s = A o _ 1 U s = ‘4 b 1 1/
Aueanusulaitsieihldlinneidelunismamuiladnfidosnsaeluls

A o ) a v & ! | W | A o
3. Wiatnrmamsulaiinleiu iasesanuisndidayasennaunie USB ietheluAulily
s1utoya

o ¢ o w Y a o v [ Y] & al
4, a']lﬂ'iﬂaiqﬁa‘ﬂﬂ?ﬂil:ﬂ'i@ﬂ'}ﬂﬂqﬂ?']ﬂﬂuj;aﬂW‘Vla"lll"]'iiﬂﬂNWULE]\T“LWWUWUMﬁaﬁGWUVIm'N‘]

5. WlasguunIsinnnusuEes 835 Oscillometric

A9150INANISVNADY

1. 9INN1SNARBIINAINGIUAIEY Blood Pressure Measurement (BPM) nsanilaainnng

& = = ol ) = a v
vaaed  tullanueainedeudaiSeuifisutunsmnimeul e1adinainnsiadu (Cuff)
alﬂL!U 1 = ° L o I al = (=3 o L4 | o a a = aa |
Plduduiuly vliauivdesesnunfiuseiugsiwildnsmludsiidenisulvaisunftian
FANINTINNNNG B4

1 o & a/ 5 i d 2/ 1 d] a
2. ANAUNAY Systolic AU Diastolic M1lnannsnaasslidiaamadauluarnaudugss
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1. Electronic Component’s Datasheet Search (aaulatl). (2546). Audiuain :
www.alldatasheert.com [20 §unay 2557]
2. Portable Digital Blood Pressure Monitor (eaulat). (2548). upuan :
http://people.ece.cornell.edu/land/courses/eced 760/FinalProjects/s2005/ww56 _
ws62/Final%20Project%20Web/index.html [8 uns1Au 2558]

3. 50 kPa On-Chip Temperature Compensated and Calibrated Silicon Pressure
Sensors (@aula). (2551). AUALIN :
http://www.freescale.com/files/sensors/doc/data_sheet/MPX2050.pdf

4. ARM Blood Pressure Monitor (eaula). (2554), &ufuain :
http://www.samsung.com/global/business/semiconductor/file/product/S3P8245
ARM_Bloed_Pressure _Monitor- AN REVQ00-0.pdf

5. MyInANUiulada (eaulail). AuAuain ;
http://www.siamhealth.net/public_html/Disease/heart_disease/Hypertension/mea
sure.htm
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MICROCHIP PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

— == — o= s

Universal Serial Bus Features: Peripheral Highlights:
« USB V2.0 Compliant = High-Current Sink/Source: 25 mA/25 mA
+ Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s) + Three External Interrupts
= Supports Control, Interrupt, Isochronous and Bulk * Four Timer modules (Timer0 to Timer3)

Transfers = Up to 2 Capture/Compare/PWM (CCP) modules:
+ Supports up to 32 Endpoints (16 bidirectional) - Capture is 16-bit, max. resolution 5.2 ns (Tcy/16)
* 1 Kbyte Dual Access RAM for USB - Compare is 16-bit, max. resolution 83.3 ns (Tcy)
« On-Chip USB Transceiver with On-Chip Voltage - PWM output: PWM resolution is 1 to 10-bit

Regulator « Enhanced Capture/Compare/PWM (ECCP) module:
* Interface for Off-Chip USB Transceiver - Multiple output modes
+ Streaming Parallel Port (SPP) for USB streaming - Selectable polarity

transfers (40/44-pin devices only) - Programmable dead time

- Auto-shutdown and auto-restart

Power-Managed Modes: « Enhanced USART module:
« Run: CPU on, Peripherals on - LIN bus support
« Idle: CPU off, Peripherals on « Master Synchronous Serial Port (MSSP) module
+ Sleep: CPU off, Peripherals off Supporting 3-Wire SPI (all 4 modes) and I2C™
« Idle mode Currents Down to 5.8 pA Typical Master and Slave modes
+ Sleep mode Currents Down to 0.1 pA Typical « 10-Bit, Up to 13-Channel Analog-to-Digital Converter
« Timer1 Oscillator: 1.1 pA Typical, 32 kHz, 2V (A/D) module with Programmable Acquisition Time
« Watchdog Timer: 2.1 pA Typical + Dual Analog Comparatars with Input Multiplexing

« Two-Speed Oscillator Start-u A N
d y Special Microcontroller Features:

Flexible Oscillator Structure: + C Compiler Optimized Architecture with Optional
+ Four Crystal modes, including High-Precision PLL Extended Instruction Set
for USB = 100,000 Erase/Write Cycle Enhanced Flash
+ Two External Clock modes, Up to 48 MHz Program Memory Typical
+ Internal Oscillator Block: » 1,000,000 Erase/Write Cycle Data EEPROM
- 8 user-selectable frequencies, from 31 kHz Memory Typical
to 8 MHz « Flash/Data EEPROM Retention: > 40 Years
- User-tunable to compensate for frequency drift * Self-Programmable under Software Control
+ Secondary Oscillator using Timer1 @ 32 kHz * Priority Levels for Interrupts
+ Dual Oscillator Options allow Microcontroller and * 8x 8 Single-Cycle Hardware Multiplier
USB module to Run at Different Clock Speeds « Extended Watchdog Timer (WDT):
+ Fail-Safe Clock Monitor: - Programmable period from 41 ms to 131s
- Allows for safe shutdown if any clock stops + Programmable Code Protection

» Single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via Two Pins

« In-Circuit Debug (ICD) via Two Pins

+ Optional Dedicated ICD/ICSP Port (44-pin, TQFP

package only)
= Wide Operating Voltage Range (2.0V to 5.5V)
Program Memory Data Memory MSSP - E
B ) 10-Bit |CCPIECCP % | B | Timers
evice | Flash |# Single-Word | SRAM |EEPROM| 10 SPP Master| @ | & Bi
AD (ch)| (PWM) spi M 8 | £ |8M6-Bit
(bytes)| Instructions | (bytes)| (bytes) cC™ | 8
PIC18F2455 | 24K 12288 2048 256 24 10 2/0 No Y Y 1 2 1/3
PIC18F2550 [ 32K 16384 2048 256 24 10 2/0 No Y ¥ 1 2 1/3
PIC18F4455 | 24K 12288 2048 256 35 13 1M Yes o4 Y 1 2 1/3
PIC18F4550 | 32K 16384 2048 256 35 13 11 Yes Y Y 1 2 1/3

© 2009 Microchip Technology Inc. DS39632E-page 1



PIC18
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Pin Diagrams (Continued)
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Note 1:  RB3 is the alternate pin for CCP2 multiplexing.
2: Special ICPORT features available in select circumstances. See Section 25.9 “Special ICPORT Features (44-Pin TQFP
Package Only)” for more information.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS
. Pin Number Pin |Buffer L
Pin Name T T Description
PDIP | QFN |TQFP | 'YP€ | Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).

MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

Vpp P Programming voltage input.

RE3 | ST Digital input.

OSC1/CLKI 13 32 30 Oscillator crystal or external clock input.

0ScC1 I |Analog| Oscillator crystal input or external clock source input.

CLKI I |Analog| External clock source input. Always associated with
pin function OSC1. (See OSC2/CLKQ pin.)

OSC2/CLKO/RAB 14 33 31 Oscillator erystal or clock output.

0Sc2 0 — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO 0 - - In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

RAB HO- o £L General purpose |/O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST
O

Note 1:

Output

= Schmitt Trigger input with CMOS levels |

P

= Input
= Power

Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3:

These pins are No Cannect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

DS39632E-page 16
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name TPm E.!ruffer Description
PDIP | QFN | TQFP | 'YPe | lype
PORTA is a bidirectional /O port.
RAQ/ANO 2 19 19
RAO /0 | TTL Digital I/O.
ANO I [Analog| Analoginput Q.
RA1/ANA1 3 20 20
RA1 /O | TTL Digital I/O.
AN1 | |Analog| Analoginput 1.
RA2/AN2NREF-/ 4 21 21
CVREF
RA2 /o | TTL Digital I/O.
AN2 I |Analog| Analog input 2.
VREF- | |Analog| ~A/D reference voltage (low) input.
CVREF O |Analog| Analog comparator reference output.
RA3/AN3/NREF+ 5 22 22
RA3 IO | TTL Digital 1/0.
AN3 I |Analog| Analog input 3.
VREF+ I |Analog| A/D reference voltage (high) input.
RA4/TOCKI/C10UT/ 6 23 28
RCV
RA4 110 A Digital I/O.
TOCKI | ST Timer0 external clock input.
C10uUT 0 — Comparator 1 output.
RCV | L External USB transceiver RCV input.
RA5/AN4/SS/ S INYEL
HLVDIN/C20UT
RAS 110 SlE Digital 1/0.
AN4 I |Analog| Analog input 4.
SS | TTL SPI slave select input.
HLVDIN I |Analog| High/Low-Voltage Detect input.
C20UT 0 — Comparator 2 output.
RAB —- — — — — See the OSC2/CLKO/RAG pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST
O = OQutput
Note 1:

= Schmitt Trigger input with CMOS levels |
P

Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

= Input
= Power

2: Default assignment for CCP2 when CCP2MX Configuration bit is set.
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

L e e e e e i e e s
® 20089 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)
l .
Pin Name i Fin | BUR6 Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/AN12/INTO/ a3 9 8
FLTO/SDI/SDA

RBO /O | TTL Digital /0.

AN12 | |Analog| Analoginput 12.

INTO | ST External interrupt 0.

FLTO | ST Enhanced PWM Fault input (ECCP1 module).

SDI | ST SPI data in.

SDA 1/Q e I2C™ data 1/0.
RB1/AN10/INT1/SCK/ | 34 10 9
SCL

RB1 IO [ TTL Digital I/O.

AN10 I |Analog| Analoginput 10.

INT1 | ST External interrupt 1.

SCK 110 ST Synchronous serial clock input/output for SPI mode.

SCL /O ST Synchronous serial clock inputfoutput for 1°C mode.
RB2/ANS/INT2/VMO g5 1 10

RB2 1o | TTL Digital I/O.

ANS I [Analog| Analog input 8.

INT2 | ST External interrupt 2.

VMO (0] — External USB transceiver VMO output.
RB3/AN9/CCP2/VPQ 36 12 -+

RB3 1/Q I/ TS Digital I/O.

AN9 |~ |Analog| Analog input 9.

ccp2t IO ST Capture 2 input/Compare 2 output/P\WM2 output.

VPO 0] i External USB transceiver VPO output.
RB4/AN11/KBIO/CSSPP| 37 14 14

RB4 /0 | TTL Digital I/O.

AN11 I |Analog| Analoginput 11.

KBIO | TTL Interrupt-on-change pin.

CSSPP 0] — SPP chip select control output.
RBS/KBI1/PGM 38 15 15

RB5 1O | TTL Digital I/0.

KBI1 | TTL Interrupt-on-change pin.

PGM fe} ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/IPGC 39 16 16

RB6 Vo | TTL Digital I/O.

KBI2 | T Interrupt-on-change pin.

PGC 110 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 40 17 17

RB7 /0 | TTL Digital I/0.

KBI3 | TTL Interrupt-on-change pin.

PGD 110 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMQOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.
3:  These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

e
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

: Pin Number Pin |Buffer -
Pin Name Description
PDIP | QFN | TQFP | TyPe | Type
PORTC is a bidirectional IO port.

RCO/T10SO/T13CKI 15 34 32

RCO /0 ST Digital I/0.

T10S0O o] —_ Timer1 oscillator output.

T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10Sl/CCP2/ 16 35 35
UCE

RC1 11O ST Digital I/O.

T108I I [CMOS| Timer1 oscillator input.

ccp2@ o | ST Capture 2 input/Compare 2 output/PWM2 output.

UOE e} — External USB transceiver OE output.
RC2/CCP1/P1A 17 36 36

RC2 110 ST Digital I/0.

CCP1 /O ST Capture 1 input/Compare 1 output/PWM1 output.

P1A 0 TTL Enhanced CCP1 PWM output, channel A.
RC4/D-VM 23 42 42

RC4 I TTL Digital input.

D- /0 — USB differential minus line (input/output).

VM I TTL External USB transceiver VM input.
RC5/D+/VP 24 43 43

RC5 | TTL Digital input.

D+ l{e] — USB differential plus line (input/output).

VP | TTL External USB transceiver VP input.
RCB/TX/CK 25 44 44

RC6 110 ST Digital I/O.

TX ) — EUSART asynchronous transmit.

CK 110 ST EUSART synchronous clock (see RX/DT).
RC7/RX/DT/SDO 26 1 1

RC7 /o | ST Digital I/O.

RX | ol EUSART asynchronous receive.

DT I/0 ST EUSART synchronous data (see TX/CK).

SDO 0 — SPI data out.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

d e e e e e e et s e i e e s T — - ]
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number "
Pin Name TPm BTuffer Description
PDIP | QFN | TQFP | 'YPe | Type
PORTD is a bidirectional I/O port or a Streaming
Parallel Port (SPP). These pins have TTL input buffers
when the SPP module is enabled.
RDO/SPPO 19 38 38
RDO 110 ST Digital I/0.
SPPO /O | TTL Streaming Parallel Port data.
RD1/SPP1 20 39 39
RD1 11O ST Digital I/0.
SPP1 /0 | TTL Streaming Parallel Port data.
RD2/SPP2 21 40 40
RD2 le] ST Digital I/0.
SPP2 1O | TTL Streaming Parallel Port data.
RD3/SPP3 22 41 41
RD3 /0 ST Digital I/O.
SPP3 HO— =L Streaming Parallel Port data.
RD4/SPP4 27 2 P
RD4 110 ST Digital I/O.
SPP4 VOBl Streaming Parallel Port data.
RD5/SPP5/P1B 28 3 3
RD5 /0 ST Digital I/O.
SPP5 /O | TTL Streaming Parallel Port data.
P1B Q — Enhanced CCP1 PWM output, channel B.
RD6/SPP6/P1C 29 4 4
RD& 11O ST Digital I/0.
SPP6 110 | TTL Streaming Parallel Port data.
P1C 0 - Enhanced CCP1 PWM output, channel C.
RD7/SPP7/P1D 30 5 8
RD7 110 ST Digital /0.
SPP7 o | TTL Streaming Parallel Port data.
P1D 0] - Enhanced CCP1 PWM output, channel D.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

“

DS39632E-page 20 © 2009 Microchip Technology Inc.



PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number Pin |Buffer
Pin Name T T Description
PDIP | QFN | TQFP | 'YP€ | Type
PORTE is a bidirectional I/O port.
REOQO/ANS/CK1SPP 8 25 25
REO /0 ST Digital I/O.
‘AN5 | |Analog| Analog input 5.
CK1SPP 0 - SPP clock 1 output.
RE1/AN6/CK2SPP 9 26 26
RE1 I/10 ST Digital I/0.
ANB I |Analog| Analog input 6.
CK2SPP 0 — SPP clock 2 output.
RE2/AN7/OESPP 10 27 27
RE2 110 ST Digital I/O.
AN7 | |Analog| Analoginput 7.
OESPP 0 e SPP output enable output.
RE3 - — —_ — — |See MCLR/VPP/RE3 pin.
Vss 12 31| E30) 4=6,-29, - \R — | Ground reference for logic and I/O pins.
31
VDD 11,32( 7,8, | 7,28 P — | Positive supply for logic and /O pins.
28,29
VusB 18 37 37 P — |Internal USB 3.3V valtage regulator output, positive
supply for the USB transceiver.
NC/ICCKNCPGCH) — = 12 No Connect or dedicated ICD/ICSP™ port clock.
ICCK 110 ST In-Circuit Debugger clock.
ICPGC 11O ST ICSP programming clock.
NC/ACDT/ICPGDW g M43 No Connect or dedicated ICD/ICSP port clock.
ICDT 110 ST In-Circuit Debugger data.
ICPGD 110 ST ICSP programming data.
NC/CRST/ICVPP®) — o= 133 No Connect or dedicated ICD/ICSP port Reset.
ICRST I — Master Clear (Reset) input.
ICVPpP B —_ Programming voltage input.
NC/ICPORTS®) &7 N — 34 P — |No Connect or 28-pin device emulation.
ICPORTS Enable 28-pin device emulation when connected
to Vss.
NC — 13 - — — |No Connect.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O  =Output B = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

m
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Freescale Semiconductor

50 kPa On-Chip Temperature
Compensated and Calibrated
Silicon Pressure Sensors

The MPX2050 series devices are silicon piezoresistive pressure sensors
providing a highly accurate and linear voltage output, directly proportional to the
applied pressure. The sensor is a single, monolithic silicon diaphragm with the

strain gauge and a thin-film resistor network integrated on-chip. The chip is laser

trimmed for precise span and offset calibration and temperature compensation.

Features

+ Temperature Compensated Over 0°C to +85°C
* Unigue Silicon Shear Stress Strain Gauge

» Easy to Use Chip Carrier Package Options

» Ratiometric to Supply Voltage
+ Differential and Gauge Options
+ x0.25% Linearity

MPX2050
Rev 9, 10/2008

MPX2050
Series

0 to 50 kPa (0 to 7.25 psi)
40 mV Full Scale Span
(Typical)

Application Examples

« Pump/Motor Controllers

+ Robotics

+ Level Indicators

+ Medical Diagnostics
+ Pressure Switching
+ Non-Invasive Blood Pressure

ORDERING INFORMATION

. Package Case # of Ports Pressure Type . .
Devics Hama Options No. None [ Single | Dual Gauge [ Differential | Absolute Pevice Mandig
Unibody Package (MPX2050 Series)

MPX2050D Tray 344 . . MPX2050D
MPX2050GP Tray 344B . . MPX2050GP
MPX2050DP Tray 344C . . MPX2050DP
MPX2050GSX Tray 344F . . MPX2050D
PACKAGES
Q
# Q
MPX2050D MPX2050GP MPX2050DP MPX2050GSX

CASE 344-15

CASE 344B-01

© Freescale Semiconductor, Inc., 2002, 2008. All rights reserved.

CASE 344C-01

CASE 344F-01

o&-?}“n

Z “freescale

semiconductor



bberating Characteristics

Table 1. Operating Characteristics
(Vg =10 Vdc, Ta = 25°C unless otherwise noted, P1 > P2)

Offset Stability(?)

Characteristics Symbol Min Typ Max Unit
Pressure Range(") Pop 0 - 50 kPa
Supply Voltage'? Vs — 10 16 Vdc
Supply Current Il —_ 6.0 — mAdc
Full Scale Span‘®) Vess 38.5 40 415 mv
Offset Vst -1.0 - 1.0 mv
Sensitivity AVIAP - 0.8 —_ mV/kPa
Linearity® — -0.25 — 0.25 %VEss
Pressure Hysteresis®) (0 to 50 kPa) - = +0.1 - %Vrss
Temperature Hysteresis(®) (-40°C to +125°C) e - =0.5 . %VFss
Temperature Effect on Full Scale Span‘® TEVess =*0 % 1.0 %VFss
Temperature Effect on Offset(®) TCVoit 1.0 - 1.0 mv
Input Impedance Gin 1000 | - 2500 Q
Qutput Impedance Zh 1400 - 3000
Response Time® (10% to 90%) g i 1.0 = ms
Warm-Up i el 20 —_ ms

- — =05 — %VEss

1.
2.

1.0 kPa (kiloPascal) equals 0.145 psi.

Device is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce additional
error due to device self-heating.

. Full Scale Span (Vggg) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the

minimum rated pressure.

. Offset (Vo) is defined as the output voltage at the minimum rated pressure.

Accuracy (error budget) consists of the following:

Linearity:Output deviation from a straight line relationship with pressure, using end point method, over the specified pressure range.

Temperature Hysteresis:Output deviation at any temperature within the operating temperature range, after the temperature is cycled to and
from the minimum or maximum operating temperature points, with zero differential pressure applied.

Pressure Hysteresis:Output deviation at any pressure within the specified range, when this pressure is cycled to and from the minimum or
maximum rated pressure, at 25°C.

TcSpan:Output deviation at full rated pressure over the temperature range of 0 to 85°C, relative to 25°C.

TcOffset:Output deviation with minimum rated pressure applied, over the temperature range of 0 to 85°C, relative to 25°C.

Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to a

specified step change in pressure.

Offset stability is the product's output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.

MPX2050

Sensors
Freescale Semiconductor 3




Maximum Ratings

Table 2. Maximum Ratings("

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Py 200 kPa
Storage Temperature Tetg -40 to +125 °C
Operating Temperature Ta -40 to +125 °C
1. Exposure beyond the specified limits may cause permanent damage or degradation to the device.
LINEARITY
Linearity refers to how well a transducer's output follows T T
the equation: Vg = Vi + sensitivity x P over the operating weagt Squares Fit
pressure range. There are two basic methods for calculating I
nonlinearity: (1) end point straight line fit (see Figure 2) or (2) Exaggerated S
a least squares best line fit. While a least squares fit gives the /| P egonmanzs
“best case” linearity error (lower numerical value), the g Curve ) ‘o . Straight Line
calculations required are burdensome. % s qu:fsél Deviation
Conversely, an end point fit will give the “worst case” error = ,,' Deviation,
(often more desirable in error budget calculations) and the 5 i !
calculations are more straightforward for the user. Motorola's 3 | I
specified pressure sensor linearities are based on the end % ,J:-nd Point |
point straight line method measured at the midrange ] Straight Line Fit |
pressure. | |
I |
I I
Offset | I
0 50 oo
Pressure (% Fullscale)
Figure 2. Linearity Specification Comparison
MPX2050

Sensors
Freescale Semiconductor




oh'-”c'r'iip Temperature Comp.e.nsation and Calibration

Figure 3 shows the minimum, maximum and typical output
characteristics of the MPX2050 series at 25°C. The output is

The effects of temperature on Full-Scale Span and Offset
are very small and are shown under Operating

directly proportional to the differential pressure and is Characteristics.
essentially a straight line.
40— Vg=10Vde ]
35}— Ta=25°C P
— MPX2050 Pp~7d
o 30 P1> P2 ""TYP
k=) L~
> ; A
25 Span
E MAX L~
Z 20 Pl Range
in ) / 4
B s \), (Typ)
(@] 10 ///
= MIN
5
0
-5 t Offset
kPa 0 12.5 25 375 50 (Typ)
PSI 1.8 3.6 5.4 7.25
Figure 3. Output versus Pressure Differential
Silicone Stainless Steel
Die Coat Die Metal Cover
\ N Epoxy
Wire Bond Case
g /' ]
Lead Frame W RHvDie
Bond

P2

Figure 4. Cross-Sectional Diagram (not to scale)

Figure 4 illustrates the differential or gauge configuration
in the basic chip carrier (Case 344). A silicone gelisolates the
die surface and wire bonds from the environment, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX2050 series pressure sensor operating
characteristics and internal reliability and qualification tests
are based aon use of dry air as the pressure media. Media
other than dry air may have adverse effects on sensor
performance and long term reliability. Contact the factory for
information regarding media compatibility in your application.

MPX2050

Sensors
Freescale Semiconductor
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®

NES555
SA555 - SE555

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

= LOW TURN OFF TIME

» MAXIMUM OPERATING
GREATER THAN 500kHz

= TIMING FROM MICROSECONDS TO HOURS

» OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

= HIGH OUTPUT CURRENT CAN SOURCE OR
SINK 200mA

= ADJUSTABLE DUTY CYCLE

= TTL COMPATIBLE

= TEMPERATURE STABILITY OF 0.005%
PER°C

FREQUENCY

DESCRIPTION

The NE5S55 monolithic timing circuitis a highly stable
controller capable of producing accuratetime delays
or oscillation. In the time delay mode of operation,
the time is precisely controlled by one external re-
sistor and capacitor. Fora stable operation asan os-
cillator, the free running frequency and the duty cy-

;e

N D
DIP8 S08
(Plastic Package) (Plastic Micropackage)

cle are both accurately controlled with fwo external ORP_ER CODES - y 3
resistors and one capacitor. The circuit may be trig- Part Temperature Package
gered and reset on falling waveforms, and the out- Number Range N D
put structure can source or sink up to 200mA. The NE5 0°C. 70°C . .
NES555 is available in plastic and ceramic minidip SAS:: —40°é 108 . .
package and in a 8-lead micropackage and in metal [ Aoy
can package version. SESS5 =55 CoNg G : '
PIN CONNECTIONS (top view)
[]+ 8] 1 - GND
2 - Trigger
3 - Qutput
E 2 7 :l 4 - Reset
5 - Control voltage
6 - Threshold
E 3 6 :l 7 - Discharge
8 - Vee
] 5]

July 1998
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NE555/SA555/SE555

OPERATING CONDITIONS
Symbol Parameter SE555 NE555 - SA555 Unit
Vee Supply Voltage 4.5t0 18 45 to 18 \
Vin, Virig, Ve, Vieset | Maximum Input Voltage Vee Vee Vv
ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vcc = +5V to +15V (unless otherwise specified)
NE -
Symbol Parameter - i Unit
Min. Typ. Max. Min, Typ. Max.
lee Supply Current (R_ =) (- note 1) mA
Low State Vee = +5V 3 5 3 6
Ve = +15V 10 12 10 15
High State Vee = 5V 2 2
Timing Error (monostable)
(Ra = 2k to 100k, C = 0,1uF)
Initial Accuracy - (note 2) 0.5 Z 1 3 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voltage 0.05 02 0.1 0.5 %/
Timing Error (astable)
(Ra, Re = 1k€2 to 100k€2, C = 0.1uF,
Vee = +15Y)
Initial Accuracy - (note 2) D 225 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 03 %l
Veo Control Voltage level i
Vec = +15V 96 10 10.4 9 10 g |
Vee = #5V 2.9 3.33 3.8 2.6 3.33 4
Vin Threshold Voltage \
Vec = +15V 94 10 10.6 8.8 10 142
Vee = +5V 27 333 4 2.4 3.33 4.2
lth Threshold Current - (note 3) 0.1 0.25 Q.1 0.25 uA
Virig Trigger Voltage \
Vee = +158V 4.8 2 52 4.5 5 5.6
Ve = +5V 1.45 167 1.9 »T | 187 2.2
lirig Trigger Current (Virg = 0V) 0.5 0.9 0.5 2.0 HA
Vieset | Reset Voltage - (note 4) 0.4 0.7 1 0.4 0.7 1 vV
lraset Reset Current mA
Vieset = #0.4V 0.1 04 0.1 0.4
Vresgl = OV 0.4 1 0.4 1.9
Vol Low Level Qutput Voltage \
Vee = +15V, loging = 10mA 0.1~ Y5 01 | 025
lO(Slnh) = 50mA 0.4 0.5 0.4 0.75
loinkg = 100mA 2 22 2 25
logink) = 200mA 26 2.5
Vee = +5V,  logsink) = 8mA 0.1 0.25 0.3 0.4
logsink) = SMA 0.05 0.2 0.25 0.35
Vo High Level Output Voltage i
Vee = +15V,  losource) = 200mA 1235 12,5
|O(source] = 100mA 13 13.3 12.75 13.3
Ve = +5V, !O(snurce) = 100mA 3 3.3 275 3.3
Notes : 1. Supply current when output is high is typically 1mA less.

é']

2. Tested at Voo = +5V and Ve = +15V.
. This will determine the maximum value of Ra + Re for +15V operation the max total is R = 20M% and for 5V operation

the max total R = 3.5MQ.
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NE555/SA555/SE555

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter SEa0% L Unit
Min. Typ. Max. Min. Typ. Max.
laisorry | Discharge Pin Leakage Current 20 100 20 100 nA
(output high) (Vais = 10V)
Vaisisaty | Discharge pin Saturation Voltage mv
(output low) - (note 5)
Vee = +15V, Igis = 15mA 180 480 180 480
Ve = +5V, ldis = 4.5mA 80 200 80 200
tr Output Rise Time 100 200 100 300 ns
tf Output Fall Time 100 200 100 300
tofs Turn off Time - (note 6) (Vreset = Vec) 0.5 05 | us

Notes :

5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will notbe exceeded.

6. Time mesaured from a positive going input pulse from 0 to 0.8x Ve into the thresheld to the drop from high to low of the

output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for
Trigering
B-5415
w T
(nsl = | li f
/4
[}
150 t
[r1]
55 4 |
100
L1
AT
™ /',,-1-
= ey ol VLS
LT
1]
15 — 70°C
; L s«
[ L 0z 03 ¥p (V)
Figure 3 : Delay Time versus Temperature
G-5026
T T NN
O
105
L0
1005 :
1000 i ——-..__.___
o :
0951 -
e i |
=50 -25 o 5 S0 75 Tamb (*C}
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Figure 2 : - Supply Current versus Supply Voltage
9-548
lg |
(mAl
125°C ¥ pcor
. 25°%]
L]
L]
7
(]
3 10 15 Vsi'ﬂ
Figure 4 : Low Output Voltage versus Output
Sink Current
v T ,
VY| Vg=S¥
- e
| //—-
-ss-c] e fesec]
F /A
1
ol /’
0.01
1 H 5 W g (mA)
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NE555/SA555/SE555

APPLICATION INFORMATION

MONOSTABLE OPERATION

In the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the external capaci-
tor is initially held discharged by a transistorinside
the timer.

Figure 10

Triggar

Qutput

The circuit triggers on a negative-going input signal
when the level reaches 1/3 Vcc: Once triggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
terval. The duration of the output HIGH stateis given
by t=1.1 R1C4 and is easily determined by

figure 12.

Notice that since the charge rate and the threshold
level of the comparator are both directly proportional
to supply voltage, the timing interval is independent
of supply. Applying a negative pulse simultaneously
to the reset terminal (pin 4) and the trigger terminal
(pin 2) during the timing cycle discharges the exter-
nal capacitorand causes the cycle to start over. The
timing cycle now starts on the positive edge of the
reset pulse. During the time the reset pulse in ap-
plied, the output is driven to its LOW state.

When a negative trigger pulse is applied topin 2, the
flip-flop is set, releasing the short circuit across the
extemal capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constantt =R1C1. When the volt-
age across the capacitor equals 2/3 V., the compa-
ratorresets the flip-flop which thendischarge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the actual waveforms generatedin
this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

6/10

Figure 11
t=0.1ms /div
INPUT = 2.0V/div

QUTPUT VOLTAGE = 5.0V/div

-

CAPACITOR VOLTAGE = 2.0V/div
R1'= 9.1k}, C1 = 0.01uF, RL= 1kQ

Figure 12

(nF)
10

Q, 4
o
1.0 ,\’/\A/
. ,Q'
57
Y kY,

ASTABLE OPERATION

When the circuit is connected as shown in figure 13
(pin 2and 6 connected)it triggers itself and free runs
as a multivibrator. The external capacitor charges
through R1 and Rz and discharges through Rz only.
Thus the duty cycle may be precisely set by the ratio
of these two resistors.

In the astable mode of operation, C1 charges and
discharges between 1/3 Ve and 2/3 Vce. Asin the
triggered mode, the charge and discharge times and
therefore frequency are independentof the supply
voltage.
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KYI LM111-LM211-LM311

Voltage comparator with strobe

Features
B Maximum input current: 150nA ! M
B Maximum offset current: 20nA ‘
m Differential input voltage range: +30V DIT’B
m Power consumption:135mW at £15V (Plastic package)
m Supply voltage: +5V to +15V \
m Output current; 50mA w
Description 4
P SO-8
The LM111, LM211, LM311 are voltage (Plastic micropackage)

comparators that have low input currents.

They are also designed to operate over a wide Pin connections (top view)

range of supply voltages: from standard 15V
operational amplifier supplies down to the single Ground 1 [] 8 Vgoh

+5V supply used for IC lagic. Non-inverting input 2 [} 117 Output

Their output is compatible with RTL-DTL and TTL Inverting input-3 [] 16 Strobe/Balance

as well as MOS circuits and can switch voltages

up to +50V at output currents as high as 50mA. Yoo 4 5 Balance
Order codes
Part number Temmgaure Package Packing Marking
range
LM211N DIP8 Tube LM211N
-40°C, +105°C
LM211D/DT S0-8 Tube or tape & reel 211
LM311N DIP8 Tube LM311
0°C, +70°C

LM311D/DT SO-8 Tube or Tape & reel 311
September 2006 Rev 4 1714

www st.com




LM111-LM211-LM311 Electrical characteristics

3 Electrical characteristics

Table 3. Vee' = #15V, T, = +25°C (unless otherwise specified)

LM111 - LM211 LM311
Symbol Parameter Conditions Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Rg < 50k€2
Vio |Inputoffset voltage () Tamp = +25°C 07 | 3 2 |75 mv
Tmin £ Tamb < Trax 4 10
) N Tamb = +25°C 4 10 6 50
lio Input offset current T i ST 20 70 | NA
i (1) Tamb =+25°C 60 100 100 250
lin Input bias current T in < Tarm S Th 150 300 nA
Ayd Large signal voltage gain 40 | 200 40 | 200 VimV
(e Positive 5:1 6 g1 | 7.5
lee” Supply cugeps Negative 41 5 4.1 5 RS
v Input common mode -14.5 (+13.8| +13 [-14.5(+13.8| +13 v
icm | yoltage range TN /4 14.7 -14.7
Tamb =+25°C, I = 50mA,
v, <-5mV fRizes
Tamb =+25°C, IO =50mA,
Vi <-10mV ¢s MY
VoL |Low level output voltage Tmin+5 Tamb < Tmax \%
VCC > +4.5V, VCC": 0 0.23 0.4
lo = 8mA, Vi <-6m
Trmin < Tamb STmax
VCC+ > +4.5V, VCC. =0 0.23 04
lo =8mA, V; < -10mV
Tamb =+25°C
Viz +5mV, Vg = +35V e 10 A
y Tamb =+25°C
lon High level output current Viz +10mV, Vg = +35V 0.2 50 nA
Tmin = Tamb = Tmax
Vi > +5mV, Vg = +35V s T HA
lstrobe | Strobe current 3 3 mA
tre Response time 2) 200 200 ns

1. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single +5V supply up to
+15V supplies. The offset voltages and offset currents given are the maximum values required to drive the output down to
+1V or up to +14V with a 1mA load current. Thus, these parameters define an error band and take into account the worst-
case of voltage gain and input impedance.

2. The response time specified is for a 100mV input step with 5mV overdrive.
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®

LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

INTERNALLY FREQUENCY COMPENSATED
LARGE DC VOLTAGE GAIN: 100dB

WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated)

VERY LOW SUPPLY CURRENT/OP (500uA)
ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE

LOW INPUT BIAS CURRENT: 20nA
(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA
INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE POWER SUPPLY VOLTAGE
LARGE OUTPUT VOLTAGE SWING 0V TO
(Vcc - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The low power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and all the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the required interface electron-
ics without requiring any additional power supply.
Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from
only a single power supply voltage.

PIN CONNECTIONS (top view)

*

N
DIP8

D&Ss

*

P

(Plastic Package)

e »

S08 & miniSO8
(Plastic Micropackage)

TSSOP8
(Thin Shrink Small Outline Package)

ORDER CODE
Part Temperature Package
Number Range N s o P
LM158,A -55:C; +125°C . . ®
LM258,A -40°C, +105°C . . .
LM358,A 0°C.&r0°C . . . .

Example : LM258N

N = Dual in Line Package (D

D = Small Qutline Package{ Q)

S = Small Qutline Package (miniSO) onl¥

P = Thin Shrink Small Outline Package (
&Reel (PT)

IF'&
S0) - also available in Tape & Reel (DT,

available in Tape & Reel (DT)
SSOP) - only available in Tape

% [ st []8
2 [H: ,—:|7
3 [t Hlse
4[] s

1 - Output 1

2 - Inverting input

3 - Non-inverting input
4 ood VCC-

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

B F VCC+

July 2003

112




LM158,A-LM258,A-LM358,A

ELECTRICAL CHARACTERISTICS
V' = +8V, Vo™= Ground, V= 1.4V, T, = +25°C (unless otherwise specified)

Symbol

Parameter

LM158A-LM258A
LM358A

LM158-LM258

LM358 Unit

Min.

Typ.

Max. Min. | Typ. Max.

Input Offset Voltage - note )
Tamp = +25°C
LM158, LM258
LM158A
Tmin < Tamb < Trax
LM158, LM258

mvV

Input Offset Current
Tamp = +25°C
Trin < Tamp < Tmax

10 2 30 nA
30 40

Input Bias Current - note )

Tamb = +25°C
Trnin b Tamb S Tmax

20

50 20
100

150 nA
200

Large Signal Voltage Gain
Voo = +15V, R = 2kQ, V, = 1.4V o 11.4V
Tamp = +25°C
Tmin 5 Tamb S Tmax

50
25

100

50 | 100 Vimy

SVR

Supply Voltage Rejection Ratio (Rg < 10kQ)
Ve =5V to 30V
Tamp ==+25°C
Trin Tamb < Trax

65
65

100

65| 100 L

65

Supply Current, all Amp, no load
Tmin STamb S Tmax

Tmin s Tamb = Trnax

Vg = +5V
VCC = +30V

0.7

1.2 0.7 12 mA

Input Common Mode Voltage Range
Voo = 430V - note 3
Tamp = +25°C
Trin € Tamh = Trnax

g -15 vV
Vee' -2

VCC+ -1.5 0
Vect-2| O

CMR

Common Mode Rejection Ratio (Rg < 10k<2)
Tamp = +25°C
Tmin = Tamb S Tmax

70
60

85

70 85 dB

Isource

Output Current Source
Veg = +15V, Vg = 42V, Vig= +1V

20

40

60 20 | 40 60 A

Isink

Output Sink Current (Viq = -1V)
Vg = +15V, V, = +2V
VCC = +15V, VO = +0.2V

20
50

10 | 20 mA
12 | 50 WA

Vopp

Output Voltage Swing (R = 2kQ)
Tamp = +25°C
TmJn = Tamb 3 Trnax

VCC+ -1.5 0
Veet-2| 0

Vo' 1.5
Voo 2

4
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LM158,A-LM258,A-LM358,A

LM158A-LM258A LM158-LM258
Symbol Parameter LM336A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Output Voltage (V™ = 30V)
T = +25°C Ry = 2k
v amb = *25 L= ail 26 | 27 26 | 27
OH Tmin < Tamb < Tmax 26 26 v
Tamp = ¥25°C Ry = 10kQ 27 | 28 27 | 28
Trin < Tamb = Trax 27 27
Low Level Output Voltage (R = 10k<2)
VoL Ty = *25°C 5 20 5 20 mv
Tmin s Tarnb = Tmax 20 20
Slew Rate
SR Ve = 15V, Vi = 0.5 to 8V, R| = 2kQ, Vius
C_ = 100pF, unity Gain 03 | 06 03 | 0.6
Gain Bandwidth Product
GBP Ve = 30V, f =100kHz,V,, = 10mV, R, = 2k, MHz
C_ = 100pF 0.% (P’ 0.7 | 1.1
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R = 2kQ, V, = 2Vpp, %
C_ = 100pF, Vo= 2Vpp 0.02 0.02
o Equivalent Input Noise Voltage nV
n f = 1kHz, R = 1009, Vo = 30V 55 55 Jhz
DVi, |Input Offset Voltage Drift 7 15 7 30 uv/ec
Dlji,  |Input Offset Current Drift 10 200 10 300 pA/°C
\._./V.., |Channel Separation - note
01702 | ™ 1kHz < t £ 20kHZ 120 120 i

Vo =14V, Rg=0Q, 5V < Vet <30V, 02 Vi<Vt - 1.5V

The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the output so no loading change
exists on the input lines.

The input common-mode voltage of ejther 'th signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the
common-mode voltage range Is V™ - 1.5V, but either or both inputs can go to +32V without damage.

Due to the proximity of external components insure that coupling is not originating via stray capacitance between these external parts. This typically
can be detected as this type of capacitance increases at higher frequences.

OPEN LOOP FREQUENCY RESPONSE (NOTE 3) LARGE SIGNAL FREQUENCY RESPONSE
140 20
120 =
o o
% 100 N 218
z O
g w0 \ = g
Ve =30V &
% 60 \ -55%?‘<Tanb< +125°C E 10
< h \ =1
g a0 =
N =]
> o 5
2U-VCC =+10to+ 15V & \‘
-55°C { Tamb € +125°C x
o1 1 | N 0 =
1.0 10 100 1k 10k 100k 1M 10M 1k 10k 100k M
FREQUENCY (Hz) FREQUENCY (Hz)

412
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BURR - BROWN®

INA128
INA129

Precision, Low Power

INSTRUMENTATION AMPLIFIERS

FEATURES DESCRIPTION

@® LOW OFFSET VOLTAGE: 50V max ‘The INA128 and INAI29 are low power, general
® LOW DRIFT: 0.5UV/°C max purpose instrumentation amplifiers offering excellent
@ LOW INPUT BIAS CURRENT: 5nA max E‘l‘ccuracy. Their .versat‘ile 3~Qp anrlp desi.gn a1.1d s.mal‘l
. size make them ideal for a wide range of applications.
® HIGH CMR: 120dB min Current-feedback input circuitry provides wide band-
® INPUTS PROTECTED TO 40V width even at high gain (200kHz at G = 100).
® WIDE SUPPLY RANGE: 12.25 to +18V A single external resistor sets any gain from | to
® LOW QUIESCENT CURRENT: 700uA 10,000. INAI28 provides an industry standard gain
equation; INA129’s gain equation is compatible with

@® 8-PIN PLASTIC DIP, SO-8 the AD620.

The INA128/INA129 is laser trimmed for very low

A P P LICAT'O NS offset voltage (SOUV), drift (0.5uV/°C) and high com-

mon-mode rejection (120dB at G = 100). It operates

® BRIDGE/AMPLIFIER with power supplies as low as #2.25V, and quiescent
® THERMOCOUPLE AMPLIFIER current is only 700pA—ideal for battery operated
® RTD SENSOR AMPLIFIER systems. Internal input protection can withstand up to

+40V without damage.

The INA128/INA129 is available in 8-pin plastic
DIP, and SO-8 surface-mount packages, specified for
the ~=40°C to +85°C temperature range. The INA128
is also available in dual configuration, the INA2128.

® MEDICAL INSTRUMENTATION
® DATA ACQUISITION

v+
T
INA128:
INA128, INA129 s 50kQ
Ve 2| |Over-Voltage G=1+ ——
€ Protection 8
INA129:
1 - 144940
25KQ() B1=SR
6
Rg ———o0 v,
] 25K
O Ref
& 3| |Over-Voltage
o o

NOTE: (1) INA129: 24.7kQ ‘L‘;

International Airport Industrial Park + Mailing Address: PO Box 11400, Tucson, AZ 85734 « Street Address: 6730 S. Tucson Bivd., Tucson, AZ 85706 + Tel: {520) 746-1111 » Twx: 910-952-1111
Internet: http:/iwww.burr-brown.com/ « FAXLine: (800) 548-6133 (US/Canada Only) + Cable: BBRCORP + Telex; 066-6491 « FAX: (520) 889-1510 « Immediate Product Info: (800) 5486132

©1995 Burr-Brown Corporation PDS-1296C Printed in U.S.A. October, 1996



SPECIFICATIONS

At Ty = +25°C, Vg = 15V, R| = 10kQ, unless otherwise noted.

INA128P, U INA128PA, UA
INA129P, U INA129PA, UA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTI
Initial Ta =+25°C +10+100/G  |+50 £500/G 25 £100/G  +125 +1000/G v
vs Temperature Ta= T to Tyax 0.2+ 2/G |+0.5+20/G +0.2+ 5/G +1 £ 20/G uv/°C
vs Power Supply Vg =42.25V to £18V +0.2 £20/G | £1 £100/G * +2 +200/G uvIv
Long-Term Stability +0.1 £3/G * uv/mo
Impedance, Differential 10101 2 * Q|| pF
Common-Mode 10119 * Q|| pF
Common-Mode Voltage Range(! Vg =0V (V+) -2 (V+)—-14 * * \
(V=}+2 | (V=)+17 * * %
Safe Input Voltage +40 * 3
Common-Mode Rejection Vem = 13V, ARg = 1kQ
G=1 80 86 73 * dB
G=10 100 106 93 * dB
G=100 120 125 110 * dB
G=1000 120 130 110 % dB
BIAS CURRENT +2 15 * +10 nA
vs Temperature +30 * pA/°fC
Offset Current 3 +5 * *10 nA
vs Temperature +30 * pA/PC
NOISE VOLTAGE, RTI G =1000, Rg = 02 .
f=10Hz 10 * nVAHz
f=100Hz 8 * nvAHz
f=1kHz 8 % nVAiNHz
fg = 0.1Hz to 10Hz 0.2 * uVp-p
Noise Current a
f=10Hz 0.9 * pA/NHz
f=1kHz 03 * pA/Hz
fg = 0.1Hz to 10Hz 30 * pAp-p
GAIN
Gain Equation, INA128 1+ (BOK(YRg) * VNV
INA129 1+ (49.4kVRg) * VIV
Range of Gain 1 10000 * * VN
Gain Error G=1 +0.01 +0.024 * +0.1 %
G=10 +0.02 0.4 * +0.5 %
G=100 +0.05 +0.5 * +0.7 %
G=1000 +0.5 +1 * +2 %
Gain vs Temperature(? G=1 1 +10 * * ppm/iC
50kQ (or 49.4k2) Resistance(@ 3 328 +100 * * ppm/°C
Nonlinearity Vo = £13.8V, G=1 +0.0001 +0.001 * +0.002 % of FSR
G=10 +0.0003 +0.002 * +0.004 % of FSR
G=100 +0.0005 +0.002 ¥* +0.004 % of FSR
G=1000 +0.001 (Note 4) * ¥ % of FSR
OUTPUT
Voltage: Positive Ry = 10kQ (V+)= 141 (V+)-0.9 * * \
Negative R, = 10k€) (V-)+ 14| (V=) +0.8 % * v
Load Capacitance Stability 1000 * pF
Short-Circuit Current +6/-15 * mA
FREQUENCY RESPONSE
Bandwidth, -3dB G=1 1.3 * MHz
G=10 700 * kHz
G=100 200 * kHz
G=1000 20 * kHz
Slew Rate Vo =£10V, G=10 4 * Vius
Settling Time, 0.01% G=1 Z * us
G=10 7 * us
G=100 9 * us
G=1000 80 * us
Overload Recovery 50% Overdrive 4 * us
POWER SUPPLY
Voltage Range +2.25 +15 +18 % * * '
Current, Total V=0V +700 +750 * * HA
TEMPERATURE RANGE
Specification -40 85 * * i ¢
Operating -40 125 ¥ * °C
I 8-Pin Dip 80 * “CIwW
S0-8 SOIC 150 * °Ciw
* Specification same as INA128P, U or INA129P, U.

NOTE: (1) Input common-mode range varies with output voltage—see typical curves. (2) Guaranteed by wafer test. (3) Temperature coefficient of the 50k<2 (or 49.4ke2)
term in the gain equation. (4) Nonlinearity measurements in G = 1000 are dominated by noise. Typical nonlinearity is +0.001%.




PIN CONFIGURATION
8-Pin DIP and SO-8
Top View
/
Rg| 1 8 |Rg

Vil 2 7 v+
Vil 3 6 Vo
<]

V-

ABSOLUTE MAXIMUM RATINGS

.. 118V
40V
... Continuous
.. —40°C to +125°C
—40°Cto +125°C

Supply Voltage ..o
Analog Input Voltage Range ..........
Output Short-Circuit (to ground) ..
Operating Temperature ..
Storage Temperature ..
Junction Temperature —
Lead Temperature (soldering, 10S) . ..cv iiivuiiiri ot v oo

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with ap-
propriate precautions. Failure to observe proper handling and
installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

ORDERING INFORMATION

PACKAGE

DRAWING | TEMPERATURE
PRODUCT PACKAGE NUMBER( RANGE
INA128PA 8-Pin Plastic DIP 006 ~40°C to +85°C
INA128P 8-Pin Plastic DIP 006 —40°C to +85°C
INA128UA 80-8 Surface-Mount 182 —40°C to +85°C
INA128U SO-8 Surface-Mount 182 —40°C to +85°C
INAT29PA 8-Pin Plastic DIP 006 -40°C to +85°C
INA128P 8-Pin Plastic DIP 006 -40°C to +85°C
INA129UA S0-8 Surface-Mount 182 -40°C to +85°C
INA120U S0-8 Surface-Mount 182 -40°C to +85°C

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown 1C Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibllity for inaccuracies or omissions. BURR-BROWN assumes no responsibility
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change without nofice. No patent rights or
licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN product for use in life support

devices andfor systems.



APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA128/INA129. Applications with noisy or high
impedance power supplies may require decoupling capaci-
tors close to the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 8€2 in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN
Gain is set by connecting a single external resistor, R,
connected between pins 1 and 8:

INA128: (1)
G 4 30k
G
INA129: (2)
G =14 B.4kQ
RG

Commonly used gains and resistor values are shown in
Figure 1.
The 50k term in Equation 1 (49.4kQ in Equation 2) comes

from the sum of the two internal feedback resistors of A| and
A,. These on-chip metal film resistors are laser trimmed to

accurate absolute values. The accuracy and temperature
coefficient of these internal resistors are included in the gain
accuracy and drift specifications of the INA128/INA129.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current, the INA128/INA129
achieves wide bandwidth, even at high gain. This is due to
the current-feedback topology of the input stage circuitry.
Settling time also remains excellent at high gain.

NOISE PERFORMANCE

The INA128/INA129 provides very low noise in most appli-
cations. Low frequency noise is approximately 0.2uVp-p
measured from 0.1 to 10Hz (G = 100). This provides
dramatically improved noise when compared to state-of-the-
art chopper-stabilized amplifiers.

NC: No Connection.

V4
0.1pF
INA128: INA129: l
C Ti —
G =1+ 50k PR
G Rg INA128, INA129
— . 2| |Qver-Voltage
Vo
INA128 INA129
DESIRED Rg NEAREST | Rg NEAREST 1
GAIN (Vi) | () | 1% Rg (©) | () 1% Rg (€) 25kQ1) Vo =G (V= Vi)
1 NC NC NC NC 6
2 50.00k 49.9k 49 4k 49,9k Re
5 12.50k 12.4k 12.35k 12.4k 3 *
10 5.556k 5.62k 5489 5.49 25kQ(1 Load Vg
20 2.632k 2.61k 2600 261k _
50 1.02k 1.02k 1008 1k 5
100 505.1 511 499 499 V‘r 3 Ref
200 2513 249 248 249 IN Protection =
500 100.2 100 99 100
1000 50.05 499 495 49.9 4
0.1yF
2000 25.01 24.9 247 24.9
5000 10.00 10 2.88 976 NOTE: (1) INA129: 24 .7k {—J
10000 5.001 4.99 4.94 4,87 —

Also drawn in simplified form:

e
VIN

Re % INA128 Vo

Vg O———¢

Ref

FIGURE 1. Basic Connections.



R = 5.6k02

2.8k
+ G=10

INA128

Ref

390k

NOTE: Due to the INA128's current-feedback
topology, Vg is approximately 0.7V less than
the comman-mode input voltage. This DC offset
in this guard potential is satisfactory for many
guarding applications.

10kQ

FIGURE 4. ECG Amplifier With Right-Leg Drive,

V+
+8v 10.0v 6 j’
REF102 [3
R, R,
INA128 Vo _@ J_4
2.5V + AV ’E—_- Pt100
1 K<_\/ \ g v
B . R INA128
w? —v G
R3 g Ref
FIGURE 5. Bridge Amplifier. 100€ = Pt100 at 0°C 1 |
SEEBECK
e e ISA COEFFICIENT
= TYPE | MATERIAL (uvr°c) Ry, R,
Vin Rs | INA128 E + Chromel 58.5 66.5kQ2
* - Constantan
] J + [ron 502 76.8k02
— Constantan
K + Chromel 39.4 97 .6k
= Alumel
J + Copper 38.0 102k
- Constantan
FIGURE 7. Thermocouple Amplifier With RTD Cold-
= Junction Compensation.

FIGURE 6. AC-Coupled Instrumentation Amplifier.

O—
Vin Rs | INA128 '
A
0—_._
i
Load

Ay Ig Error

OPA177 | +1.5nA
OPA131 | +50pA
OPAGO2 | +1pA

oPA128 | +751A

FIGURE 8. Differential Voltage to Current Converter,




i 2SCRS33P

| SAMICONDUE TR

NPN 3.0A 50V Middle Power Transistor Data Sheet
@Outline
Parameter Value MPT3
VCEO 50V Base
IC 30A Collector 4
Emitter
2SCR533P
®Features (SC-62)
1) Suitable for Middle Power Driver <SOT-89>
2) Complementary PNP Types : 2SAR533P
3) Low Vcesat
VCE(Sai)=O-35V Max. (|C/|B=1A/50mA)
4) Lead Free/RoHS Compliant.
®lnner circuit  gjector
®Applications
Motor driver , LED driver
Base
Power supply
Emitter
®Packaging specifications
Package - i ) Basic
Part No. Package size RO iae | TApEN ordering | Marking
code (mm) (mm) .
(mm) unit (pcs)
2SCR533P MPT3 4540 T100 180 12 1,000 NM
®Absolute maximum ratings (Ta = 25°C)
Parameter Symbol Values Unit
Collector-base voltage Vero 50 \
Collector-emitter voltage Veeo 50 Vv
Emitter-base voltage Vego 6 \4
D I 3.0 A
Collector current . C.1
Pulsed lcp 6.0 A
o 0.5 W
P d t CR53 P -
ower dissipation 2S 3P D 207 W
Junction temperature T; 150 °C
Range of storage temperature Tstg -55 to +150 °C

"1 Pw=10ms , single pulse *2 Each terminal mounted on a reference land
*3 Mounted on a ceramic board (40x40x0.7mm)

www.rohm.com

© 2014 ROHM Co., Ltd. All rights reserved.
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2SCR533P

Data Sheet

®Electrical characteristics(Ta = 25°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Collector-emitter _
breakdown voltage BVges | g™ A 50 : i v
Collector-base _
breakdown voltage BVego [ lc=100pA =Y - - v
Emitter-base _
breakdown voltage BVego | le= 100pA 8 ) - W
Collector cut-off current lceo Vg = 50V - = 1 LA
Emitter cut-off current leeo  |Ver=4V . . 1 HA
Collector-emitter .
saturation voltage Vegay | |lc= 1A, lg=50mA - 0.13 | 035 Vv
DC current gain hee Vee=3V, lg=50mA 180 - 450 -

" Vee = 10V, Iz = -500mA
Transition frequency fr F=100MH, - 320 - MHz
. V&L AT
Output capacitance Cob SR - 13 - pF
i 2 '2 f b
Turn-on time tai l=1.5A 50 ns
I51=150mA
4 3 B1
Storage time ttg loy= ~150mA - 450 - ns
Fall time 8 Uee | 80 | ns
*1 Pulsed
*2 See switching time test circuit
®Switching time test circuit
Ry=6.80

Vin

JL

— fe— Pw = 508
Pw DUTY CYCLE < 1%
<
BASE CURENT WAVEFORM ;
B2
_____ L
i B |
COLLECTOR CURRENT
WAVEFORM
L .

www.rohm.com

© 2014 ROHM Co., Ltd. All rights reserved.
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TRDIER FH A S R A & SHENZHEN AV-DISPLAY CO..LTD
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1.1.
1.2,
1.3.
1.4.
14,
1.6.
1.:7;

1.8.
1.9.

Format

LCD mode
Viewing direction
Driving scheme

Power supply voltage (Vpp)
LCD driving voltage(Vop)

Operation temp
Storage temp
Backlight color

1. FUNCTIONS & FEATURES

: 16x2 characters
: STN / Positive Transflective Mode / Grey
16 o'clock

:1/16 Duty , 1/5 Bias
: 5.0V

142V

:-20~70°C
:-30~80°C

1 Y-G

2. MECHANICAL SPECIFICATIONS

: 80.0mm(L)*36.0mm(W)*14.5(H) max mm

LCD Panel ‘

2.1. Module size
2.2. Viewing area :62.2mm(L)* 1 7.9mm(W)
2.3. Character pitch :3.55mm(L)*5.95mm(W)
2.4, Character size +2.95mm(L)*5.55mm(W)
2.5. Dot pitch : 0.55mm(L)*0.65mm(W)
2.6. Dot size : 0.60mm(L)*0.70mm(W)
2.7. Weight : Approx.
3. BLOCK DIAGRAM

VSS _ comls

VoD ~———= %

Vi | contRoL

RS LS|

SPLCT80

L segB0

RW —

DB0-DB7 {——>

LEDA 1

LEDK )

. Backligh
~  Backlight

Figurel. Block diagram

LCD
MODULE

VDD(+5.0V)

Vo
i; VR(0~20K)
VSS(0oV)

LEDA(+5.0V)
LEDK(0V)
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o >E>:x[]”ﬂ%{: SHENZHEN AV-DISPLAY CO., LTD
S. PIN DESCRIPTION

No. Symbol Function
-2 VDD Power supply for Logic(+5V)
o VSS GND(0V)

3 VO Power supply for LCD drive

4 RS Register selection (H: Data register, L: Instruction register)
3 R/W Read/write selection (H: Read, L: Write)

6 E Enable signal for LCM

7~14 | DB0O~DB7 | Data Bus line
A LEDA Power supply for Backlight(+5V)
K LEDK Power supply for Backlight(0V)

6. MAXIMUM ABSOLUTE LIMIT

Maximum Ahsolute Power Ratings

Characteristic Symbol Unit Value
Power Supply Voltage VYoo v -0.3t0 +7.0
Operating Voltage Vieo v Vpp15.0 to Vpp+0.3
Input Voltage Vi V 0.3 toVppt 0.3

NOTE: Voltage greater than above may damage the circuit.
VDD >V1>V2>V3>V4>V5

Temperature Characteristics

Characteristic Symbol Unit Value
Operating Ternperature Topr °©G -30 to +85
Storage Temperature Tsta “G -55 10 +125
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7. ELECTRICAL CHARACTERISTICS

7.1 DC CHARACTERISTICS
(VDD = 4.5V ~ 5.5V, Ta=-30C ~ +857C)

Characteristic Symbol Condition Min Typ Max Unit
Operating Voltage Voo - 4.5 - 5.5 vV
Operating Current Iro Internal oscillation or = 0.35 0.6 mA

external clock (Vpp = 5.0V,
fosc = 270kHz)

Input Voltage (1) Vi - 2.2 - Voo V

{except OSCH1) Vi - 0.3 - 0.6

Input Voltage (2) Vi - V1.0 - Voo v

(OSC1) Vi - 0.2 - 1.0

Output Voltage (1) Vort | oy = -0.208mA 24 - - V

(DBO to DB7) Vopr [ 1oL =1.2mA - 0.4

Output Voltage (2) Vorp | lg= ~40uA AN O A\ Y

{except DBO to DB7) Vore | o= 40uA - - 0.1pp

Voltage Drop Vdeam 1o = 0. TmA - - 1 v
Vdeea - - 1

Input Leakage Current ke |Vin=0Vto Vg -1 — 1 UA

Input Low Current Iy Vi = OV, Ypp = 5V (pull up) ~50 -125 ~250

Internal Clock fasc | Rf = 91k 4 2% (Vg = 5V) 190 270 350 kHz

{external Rf)

External Clock fosc - 125 270 350 kHz
duty 45 50 85 %
trotr ) = 0.2 uA

LCD Driving Voltage Vico | Vpo-V8(1/5, 1/4 bias) 3.0 - 13.0 v
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7.2 AC Characteristics
(VDD = 4.5V ~ 5.5V, Ta=-30 C~ +857C)

Mode Characteristics Symbol Min Typ Max Unit
E Cyele Time ez 500 - -
E Rise /Fall Time r. If - - 20
E Pulse Width {High, Low) twy 230 - -
Write Mode o -
B RAW and RS Setup Time tsu 40 - - ns
ireferto Figure-6) : = = -
RAY and RS Hold Time 1 10 - -
Data Setup Time tsuz HO
Data Hold Time tH2 10 - -
E Cycle Time Ic 500 - -
E Rise / Fall Time g g . 3 20
E Pulse Width (High, Low) tw 230 - -
Read Mode R and RS Setup Ti 1 AC
) A and RS Setup Time SL A0 - - ns
referto Figure-7) et
RA and RS Hold Time 1y 10 - -
Data Output Delay Time D - - 120
Data Hald Time toH 5 - -
PAITIN
RW 1151 ViLg
th1
g— i
FYIH1
. :g Wi 'Lt T WL
tr — ‘_m"l
- WH1 . VIH1
DB0-DB7 ViL1 Valid Data VILT
ret i
Figure 6. Write Mode Timing Diagram
= W1
RS WL i(
tey gl
RAN T VIHA VM1
” tr th
—
F VI 7
E 7+ WL K T WLt
tr— — tDH
BRe-Cas L valid Data L Yo
VOLY WL
I
- —>

Ffigure 7. Read Mode Timing EJiagram
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8. CONTROL AND DISPLAY INSTRUCTION

Instruction Code Description Execution time
Instruction
RS | Rrw | DB7 | DB6 | DBs | DB4 | DE3 | DB2 | DB1 | DRO Instruction Code (fsoc=27 0kHz}
Write *20H" {o DDRAM. and sat
Clear Display 0 0 0 0 0 0 0 0 0 1 CDRAM address 1o "00H" from 1.53ms
AC.
Set DDORAM address to "00H*
from AC and return cursor to its
Return Home 0 0 0 0 0 0 0 0 1 X | onginal position if shifted. 1.63ms
The contants of DDRAM are not
changed.
Assign cursor moving direction
Entry Mod
rg;t # 0 0 0 0 0 0 0 1 D | SH | and make shift of entire display ps
anable,
Display Sat display(D). cursor{C}, and
ON/OFF 0 0 0 0 0 0 1 D C B | blinking of cursor(B) on/off 20us
Control contral bit.
Set cursor maving and display
Cursor or ; ) : : =
Display Shift W] 0 0 i} 0 1 SiC | RiL X X | shift contral bit, and the dinection, ps
without changing DDRAM data.
Sel interface data length (DL : 4-
) bit’8-bit), numbers of display lina
Function Set 0 0 0 0 DL N
Sl i o voa A i i mpf £ e A
typelF ;5 X 8 dots/ 5 X 11 dols)
Set CGRAM 0 0 0 1+ | acs {aca L aca | acz | act | aca Set CGRAM address in address 0us
Address counter,
Set DD 1 DD i
RAM 1 o | 0| =] ace ['acs | aca | aca | aczfact | aco 5! DPRAM address in address Wys
Address counter.
Read Busy mzt!hr dgnﬂ:t&ﬂ;}l ::,Zﬁmn
Flag and o | 1 | 8F Jace]acs |acafaca lacafact | aco . & ek Oue
o BF. The contents of address
counter can also be read.
Writa Data fo Write data into intamal RAM
1 0 D& D5 4 D3 S
RAM B % P2 01 1 D0 b rnRamcarAM) Hlen
Read Data Read data from intamal RAR
7] 1 D5 D2
from RAM BF ) = ) DL B0 | npRAMCGRAM), i

NOTE: When an MPU program with checking the Busy Flag (DB7) is made, it must be
necessary 1/2 Fosc is necessary for executing the next instruction by the falling
edge of the 'E' signal after the Busy Flag (DB7) goes to “Low”.
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9. CHARACTER GENERATOR ROM

[\\ Ugpiper
NAbH | g | pcn [t [Luss | e | usen| v o H | o [ s e e (BIETETY
l”mvm\
dhit N\
; E= EllEEEeEl - Ew ‘
5 o 3 - - _% :i-% %
e | B EEEE EeH | ] EEEE e EEEE
,‘ET C— L] | TR R
LLLH D = IS
==m== H|
Ss=az] = 2 HH
L -
LLHL E* =
n = -
H imnun i
= == TTrT
-
LLHE H H
T n T i
. 2 njamnmy
EE= T
LHLI nS = %
L] 11l
LHILH
LHHI
LHHH
HILLI
HIIH
HLHL
T -
HIL.LHH = % =
I
HHELL E =
FHA| B
HHLH %E
|

I
1

HHHL

HHHH

B
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10. BACK LIGHT CHARACTERISTICS

LCD Module with bottom LED Backlight
ELECTRICAL RATINGS

Ta=25°C
Item Symbol Condition Min Typ Max Unit
Forward Voltage VF IF=110mA 4.0 4.2 4.5 v
Reverse Current IR VR=10V - - 0.11 mA
Wave length AD [F=110mA 3 | 572 575 nm
Color Yellow-green
11. ELECTRO-OPTICAL CHARACTERISTICS
(Voo = 5.0V, Td725°€7)
Item Symbol Condition Min Typ Max Unit
Overating Fdliage Ta=,-20°C 4.6 4.8 5,0
p o ECD & Vop Ta=25°C 40 a9 £ )49 \Y
Ta5 708K g 3.8 4.0
. Tr | A5 -=- 185 === ms
Response time Tr T ~268E \ ¥ 200 - —
Contrast £ @ 2RR — 4 --- ---
e 0 -40 - +4(0) deg
=
Viewing angle range s Cr=2 10 I 710 e
s 255 of RarRee SREEAN ) Normal (8=0°)
- Brightness of non=selkectedseq em%(BQ thi!g/
Brightness of selected segnemt(Bl)
S
(@=180°)
(42:00)
" :92 Brightness curve for non-selected segnent
vé Brightness curve for selected segnent
g | Bl
\
lva Oriving Voltoge ( 0=270°)
(9:00)

Viewing Angle Ronge 8





