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Abstract

This report describes a design of a pulse oximeter. The circuits used in this pulse
oximeter consist of two parts which are a sensor circuit and a processor and display unit
circuit. The sensor circuit consist of two parts which are a sender using two LED light
wavelength and switch light emission and receiver using a photodiode to measure the
intensity of light transmitted through it. This signal is filtered and amplified. Then it is

processed and displayed on the result screen controlled by microprocessor.
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2.5 AND Gate
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2.6 Current to voltage converter
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wasthfumsudawussiulviinfiesusudsssnvdanauasannsofunnssfuiidiesna 4]

Vout = PhotoSensorCathode Current » B1

e ‘l_ (2.4)
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2.7 2993n599A2740 (Filter Circuit)
293NIRIANLESelamed (Filter) fAorastiiisenlidyaalnidiamals 9 Anud

wilwiednanudlannudndaviiunululy dumnnduniediemisy 9 uenwilenni

v
[

ﬁmuﬂ%gﬂamwaﬂﬁa%Lﬁuﬁaqﬂaﬂmﬁiﬂﬁu%%uagjﬂumsaaﬂuumws
2.7.1 2snsenmdideiu 2 uwuu e
2.7.1.1 WUU Passive ﬁmwaﬁﬂszﬂauﬁué’aaqﬂnmﬁuwwwasﬁw Famueisgunsal
ﬁmmmv‘hmuléﬂmalaiﬁaqﬁmiﬂszﬁuﬁwlw%Lﬁa"[,ﬁﬁwtu Filsungunsaluszian fdumy
(R) fuiuuszq (O war wnaamwieath (L)
2.7.1.2 UUU Active fg aqmiﬁﬂiznauﬁuﬁ’haqﬂnmﬁﬁﬁaqmﬂw% Wionszdunis
hauvessgunsal sldudgunsaiussinn nsdames wie lod
2.7.2 293nsesnuiuvald 4 Ussiande
2.7.2.1 299505038 10uA AR (Low Pass Filter: LPF) miuneis 21957azsaulF

Y 2
a w ! L

fyauANdnwe 0 Hz Seraudfisvunsululy dumudRuaifvuageduluGes q 9

i
a

aaveulunudidiy Svazyesnesiinususuniieily Magui 2.16

¥
3 £ S T 330G 000 LT

5UN 2.16 19350304 TRynuANLRiSuiUAnge UaENIMULARIDNTIVUBUTINUTIALD (db)
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nghrasillevhnistiouaudsingnees 7 C asiien XC ge ihlvmnudianlvaniu R 9

Tudtyny

o

Aanuiumutesnit XC léazaan sy 104 Output Fauldisnn wedenrudganinga

Afmue @1 XC azanas ildmud iuvsasleanag mnﬁ’;uﬁmululé’ﬁ%gﬂ C A9aInIe

SRV Output Jaeulddesan

Y
Y

Iumw]qwﬁawiﬂiaqmmﬁshﬁ)wau’lﬁﬁtyapm“lﬂG] Aianuddud 0 Hz Ui uad

fmvuagaiendt  mnuddneenvieauiveuin(Cutoff Frequency) eululilmelaifinng

Y o a a

aaveuYDIdaNN  UazinmudvasdyaanddenAuiimmuals duaneanmsaziandy

Aud  wilumefoRluianmnsaasinausiulg Lﬁa\‘iﬁnﬂﬂ’]iGlaUﬁu@dﬁi‘gﬁyﬂmﬁﬂ’nu55)'%‘1‘] YD

Y

I !
v )

gusaldszammadv anduwuudesfuresulinFeundaniuiivile sndunaiileaudusigy

9

2.15 Pe Wedygrndeuigeluisasazan fyanatluisen aunseivezanasiudnsned

=»

AT
TURNDUNITAIUININITNTIIAINUE R
ﬁqﬁﬁaaﬁmsmLﬂuﬁmwé’m%’umsaaﬂLLUUN%WaLma%ﬁ@ﬂiaammﬁﬁwmuﬁﬁa

mMANUDAneeN @, Nifeenslday FaAudAne e ldaInaunis

1
B = 25
¢~ 2C 2%, (2.5)
Tnei O dmhoidu sifeuseduni (rad/s)

=] '

fo fwhodu B (Hz)
R fmhedu Tevin (W)
C ey vsa )

lwhusaferfuflefmun @, Budr Feamsaesmer R Segldidy
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27.2.2 Wainvesd e (High Pass Filter: HPF) Umauantfnsaiudu
MAINTRIdYIUAMUTH AeMInavauerodIve NIz 0wl Toyey ﬂmmmﬂaomu
wazannaudIUAIUGHN GTNLLam'mmaznanma‘uauaqén"m'vumal,l,iqﬁmamﬁlé’ naLkansly

sUfl 2.17

s
[ S
02,

vgmvin

JU 2.17 2950304 Ty aunnudigesusiuag LaZNIMUANINANTADUAUDIHD ST 1V 8L T

AUA

MU C deeunsuiuaeg da R demnuiuaes Weteumnuddningan ¢

wiiin XC ge vibidyarashululites vilidyanafrunen anTdlanee weildle

)

£

mmﬁgqs’ﬁu C 2l XC anas dyainazsulduiniy Ty ufiarasnIndtesaunned R
Ml dyarafioenluss Output a&fntu aufesedunuuLsIve TuaUsTInm 70.7 %
WIMUUSIGAn seduiflesiiniBend Yamud cut off Wlomiigands mnud § C avenu
Widyaarhuldazainuazan R 2zdy Fuaadlalliiaansiog mmﬁ'?ﬁamulﬂﬁgm Output 16
Wavian
%"umaumsﬁwmmwasnsaamwﬁ'm
"uumaumsmmmsuamminsaammnawuwé“ﬂmaﬁnmmwiuLﬁmﬁmwsnsaq Tryeyneu

F’TJ’]JJE]WI
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2.7.2.3 29INTEYYINYNAWD (Band Pass Filter: BPF) Wawnfurwsidl

v
@

anwazAieiuNTIeNRINTedINALER LazANlige wmesIuiu (Cascade) fat

WITNTDIAMUDEUANIZY seenlidygrariululfianizdredidimunsindy aqwss

@

uaﬂmﬁamﬂﬁﬁmum%ﬂnﬁ‘iﬂnﬂ‘[ﬂamiaﬂwaﬂﬁwmlu

u

(n) i

() ar TiE i he

JUN 2.18 easnsesduaatiening UaENIMULANINANDUAUDIO NIV ENTIA A

U 2.18(n) uansfwsameuaus M TentesLLLi ALSIIUDWINEEn  Vmax
WU TulanIzuatisweanIud vty Soneuidudn arudisTouuus  (resonant
frequency) wnilddos ®, shumisvesmudidrusstuanaady 0.707 vmax ziley 2
AILRAD mmﬁ'ﬁgm'jw ®, AMi wariidini ®, nAmiasenauid Vo = 0.707
Vmax ﬁqm’h ®, i mmﬁﬁ’maavﬁhqqﬂ (high cutoff  frequency) unushe o,
WazAUATisNI ©, 71 ALARREIWTIE ( low cutoff frequency) unulsishe ®,

v
g

= Yo 1 a [
ANAIUAYNEDY LS’WﬂWHNﬂ’)Nﬂ’ﬂNﬂ B wUu
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B=®h-

a A vy g a A a o b a '
ﬁﬂﬂiﬂia\iﬂﬁquﬂw’]uLQW’]&“U?\‘IULLUQI@LUU 2 VUAAD GU'LIWV]ﬂamlwﬂqqﬂﬂmqu\léﬂu%a\?uﬂ"l)

o

(narrow Band) uwazwilafivenlviiiulaluganing (wide band) @ wsuienisiivuniiieas

g b4

yiinladusiiafiveulvanudiuldludwauniereniiey Amualededifidrenduanud
tosnimildluiuresmudislouuud B8 < 0.1 ®,) 519senieesiafivenlieiule
Tuduay dddrsnivenuiinnnimiduduveseuiislowuns @ > 01 ®, 1519
Sonin weseiiafivenlimuirlalugianing
’Lu’NmLLUUL?aanm’mﬁmuﬁ%ﬁé’mﬁmuswiwmmﬁLsIszjLLuuﬁLLawNnﬁwmm?ﬁ?emfw

medauwnnmes (quality factor) wnuldehe Q f1 Q fduadifieudidinn sy

filiuiinnuamsalumsdenaudlisw w1 Q fidnganduwinle 2995Adedl

ANNaEsaluMsdenAnudldfunTuvingy M Q wandl@asluaunis

Q= s gl ———— b N J AN (2)
B
30
BL _Fapea VO HNY e® ) (3)
o

gl B Swhedusifeusoiui dmsvaaslunvuigenliruiniulaluiiway 9
tueediin Q #igennndt 10 uaz luesrunuutndieesiien Q feendn 10

a0

ajl  damnufuaude T B < 001 ;Q > 10
Fupnuintde B > 001 2@ e 10
3.1 WINTDMIUDRNE TIUAVEHY
%uLLSﬂ‘lumiaaﬂLLummﬁaaﬁmuﬂﬁiwm‘mrﬁwmm?{ B flgldeu wazuin
i1 Q wevandy rew laernm lanaunsii (2) (Wioenarmuasn O wazAwImA B

Alsh) ndwntudvsdunisidenuarfunuivesgnsalifiuiusy q duneulunisinnsan



18

dold ielideunnisiersanaeivualy A = 11890 G = C, =C Thilafimanza

Aeannuuidnue R, | R, wazR; laglaannaunis

il AR e R (@)
RI
R = B e (5)
R R
M e e SN R (©)

B luaunsit (3) Smbedu sfousedund
3.2 299nsasmuirinulutianiis
Wusldouausaliiduiesidetu wesnsesnuduuurinilugiwauls srelugui
2.18(v) lneidentit Q fidtieeniy 10 (Q<10) nMsAAvesgUnsalasmilouduluide find
Aeldiaunnsil (@) Feaunsii (6) 18 (amnelunsdidl 4 > 2 wirtiu)
fuwmuAnuediuiiuinsnsemauiiiwaniz g 2aswiaiiarainsa
asnldinnsdienasnsespuiisn WADIMAUNITNTOINIDZ Fograity Yisesnses
Ao uuuTnme sl -60 wdiuadedian 110193 TNTBINIW DG Feasle
wanouaueImeAudfilusull 2.19 Sausfineaslmifiadaed sznedldeetuontdiis 4 fafiany
uififdedegfedn arldnsnudugada 60 inBLuarafiamiaefilfeialudnosdisanmisn

Puedgs uaziidhsveadu 1 naonlunuidrsing
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]
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FaTupuuradus)

famuunundy
(W L tiuduaumay
E
1
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1 Y ok rds)

JUN 2.19 nswluanenisnavauesnIyd VB NVINANTLANIINNT1019995n509AI AN
wuuUmnesIsmilvian -60 indiuasiedian fusasiasnsesrudgerinuuuulvie 60 @

lanafan UfesIufy

MsteMsInsemIAiuaraigIItesINiy e Tildeasnsesn i iantsdag

(.Y !

wuuilideurdunain Tunistandesiuduiiy ANINATUA AU UTENI99 5909 E o g

Winamsviumiioudu deddgdedn noudenmuiidneenligndomuiidesmsiidy

'
a

2.7.2.4 29sanvieudy1019nud (Band Reject Filter: BRF) 18u14a57itaananu
vietneenly viafusiendn vendiawmed (notch fitter)  f@EvaRTUARTlHlUTUT
2.20(n) q“fwz’f,ﬁwamauauawwmmﬁé’ﬂuguﬁ 2.20(n) MngUaziildegdaavinfinug
Trerhuegasstvidreuazy LLasﬁmmﬁ'ﬁ'agmqnmagﬂﬁﬁﬂm&Jlﬂmm?{ﬁl,iwm%'an'jﬁ
AudsTawuug (@)  Wufgaiusasnseasnuinruangtisiiogng Y993935UsELNd
ldun nsidamud 50 Bsad v3e 400 @snflunsldruamefiaeinned Wadunms
andRysUNILTIAnT Y Lﬂuéfumsﬂ"']mmu,a:zaanmeq%ﬁvdwﬁmﬁ’mwaﬂsaqmmﬁmu

anetAe dewhioviniueul B uazAiaedauinmes Q WANTWAY O, A7
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Gty

Brrauuim it
3
Berauanitiy gy

™ soveLmss N Rl

UM 2.20 LLamm%aﬂwauﬁmzywmmmmﬁLLaswamauauaMammﬁ

TumunseanLUY
Lodwuald C1 = @ = ¢ uanfensniiesle leAsiidregsening 100 Wawiim
v 0.1 lulasvnse
2. fA R2 9naums
2

R = e
? Bc (7)

Weo B fuhady LSiRguR T

3. AW Rl 91naunis

4. \d9n Ra WiiAwvunzay msiifsznn 1 Alalevy
5 AW Rb 97nauns
Rbi = 2Q2Rs . ... (9)

2.8 2935V Y0

(%
o

® IS (inverting amplifier)



1%
g

JUN 2.21 29s9ensndudy TRV

2/ v
o

WITVYIUNAUT ”zyiywmﬁmzﬁmﬁumaﬁwmmﬁwmﬁu

(27)

wl
]
]
|
ol

ﬁqﬁuawsﬁ%ﬁé’mwmmﬁu -Re /R, %ammmsnﬂ%’ué’mwmaléfmmwaa R; L@y
Rfafuteq a"sum%wmaauLLamﬁ@miﬂa"uﬂgwmﬁzynunm ﬁaﬁﬂLmﬁuﬁuwmﬁﬁiuﬂumﬂLLiwﬁ’u
wwinmziianduay ‘Lumqﬂﬁuﬁ’uﬁwLmﬁuﬁuwmﬁﬂ"lLﬂuammGTmms‘?vgmzﬁﬁﬂLﬂumﬂ
® IVEFYINTIY (summing amplifier)

32

6

JUN 222 2esveesadnna

fussiumaiuesiymy

; L= j (2.8)
R E

21
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1%
v v

mumwsﬁwﬁé’mwmEJ?TW%’U v

1y =Re /Ry waelidhs1venedmsy Vv,
Ju-Rr /R,

‘6\1LS’]E‘I’)&J’]SﬂUSU@ﬁi’]‘UEJ’]EJ‘lﬂG)’]iJﬂ’l‘UEN Ri R, Ua¥ Re 1Tuiaq Tneu sy

maéﬁmmﬁwmu LUUﬂ’ﬁ‘U’Jﬂﬂu‘lJa\ﬂLLi\TWU‘VNﬁEN

[%

* msvnglindutdyin (non-inverting amplifier)

Yin
/ Yout
« 3

AV=1+(RERI) \L

JUN 2.23 29a59enelaindud Tryeued

93U nazualwialvdsiou Ri uas
Vin = iRi

Rf 1A i nAusatiy
Vout = i(Ri + Rf)

AV = i (Ri+Rf) /i Ri = (Ri + RA/RI = 1+ (Rf/Ri)

®  WATLSIAUlHRY

;:‘*-} ye

L G
3UTl 2.24 239suseduiliieny

Lﬁaﬁmimﬂﬂaﬁmuﬂﬂ"}ﬁaﬁmmu R = 0 uae R;= o ud12995T0928lusedumedny

LRETIY

Vout = Vin (2.9
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@

AUz iidns1venedu 1 viseffelifldnswenedygiuiues SuSonines

wsssulnsu (voltage follower)

2.9 nsudasdyyrusutaaniiuduyuiinea

Analog to Digital Converter (A/Dyimiihiiwdasdynadoyad uywdiug dudals Oy

9

Toyanlvii edoudrgnisusvinana Juduruaumavilswesmsiudeya (input Unitiu

du

niwwIunsBlanlnsilad Adyyiudsiusieiiies (analog) losunswasliifudygraninea
nglsifinsaudeyadfynadnives ADC Sdnwansethu fo fvusseduntoanius Fruaued
anuziinasilumsendidees 2 @ 2, 4, 8, 16 1Hudu dyanusIneaiugull 2 anusuas

8N binary fiawimsaaunsouanstuzuveslun? lugedenmes wilsuazeug

Nﬁ]iﬁ’l?’ﬂumnmaaé‘f’muzyﬂmamaaﬂtﬂuﬁ%maaﬁmﬂmwmmjﬁﬂ Tagaluudaneasuas
fynuswaenlufidnea (A/D converters) flduueaguszana 7 wiinde

1. Parallel Comparator, Simultaneous, %38 Flash A/D converter

2. Single - Ramp %@ Single - Slope A/D converter

3. Dual - Slope A/D converter

4. Charge balance A/D converter

5. A/D converters using Counters and D/A converters

6. Tracking A/D converters

7. Successive - Approximation A/D converters

® Counting Converter

\Wunsuvasdyaaeunden [udyaiuiinea neldsanasi MItuANNLITU 089

A
4

wirwafldarnasuluiuSeudisusuaiidesnisiissls nMsudasdygiuouiden 1Ju
dyeuninea fisslenlinnlunsmunugunsalaings Falldnwarnswlasdygialinansis

wAaz IBazdidanasiiy mmsamsﬂumimmu LLﬂuﬂ’lﬂ%@Uﬂ’iﬂJS’ﬁﬂLL’JSWNHUWJEJ
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°* dpusanizvasmsulasdygas A/D (A/D SPECIFICATIONS)

YoUaNI¥ILUANINTAAIUEINITOVBY converter Imaﬁﬂﬂuﬁnxﬁagjwmaﬁw LYY AN

17 v
I =

WU, ANUNBINTT kazam BT adudunse %’dmmmu%muaé

v W

UANWEULVDILAAL NS

wifldeUsangdndenisilituegivdnvauzvenisasie ARANAINTENI19AN3 V09T QN U

avuIaeN AuAvetAineanldunua (A1es Output a1 A/D converter) d4i3en31 Quantizing

error 9zilA1agUsyanm +1/2 digit s (LSBlvasn suuasdyanadeidunisudemnunuen

Y

v a w

ladnnanilasean wislinesidddndmiladmiu A/D converter fia conversiontime ¥
' o o o = A ' -9 a a s 3 a o a4 X %Y =
MA@ msunswasdyy i Bedlvasimeguszinm 107 3l §s 107 Jinil SeTuegiuvia

Y9dconverterkazINuIU bit

2.10 Sampling & Hold

Press the switch

to sample
P A Y I\
— o
K
Input Voltage Output
Follower
o O

5U# 2.25 2995 Sampling & Hold
TunsidsuwUasdyneowaendudygafinea  ADC  azdedldnathmiduns
Iansetasnadinaniuivegiuvane quilames 1wy AUasLBAYRINI IR By
wailavesnsAsuulasiygnr  wazemiilunisvdsundasdynduegiumsuszyndld

JURWIZDYN WALANMULLUETIFBINTS
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AwiBwaan vin b

e
L

—N T N AV = V(T T ot

i

JUN 2.26 uang error 1NN5IA Aperture time
1 lunsulag INUNATIeZ e Aperture yime &snnumanglagyily

wmaﬁa*zmnmﬁtﬁmmmhjuﬂuau%ﬂun13’3’@LLazwaﬁﬁaLﬁﬂmmrﬁmwmm Ao Inle S

e ]

aumRNVIISN TN uLYAY dv/dt Twr29 Aperture time T, AU 9NIUS LU ag

BUINBNILYINTU Av Iag

Av =T, 970 (2.10)
dt

LY Tl

Tadlugag T, Usvaidneadileonnasn s

S 7
'

ﬁwmwaaqﬁ’zy@mamaanﬁﬂ@ﬁ’mﬁﬂ%ﬁqﬁ wazdd9ivdede error AAaTuTi Aperture

AUMIALEIT ADC Tilunsideuuyag Toyey

o

time error

[

Sample and hold Winisdy dIMBunNLazh ”zymmﬁqfuﬂ’umLﬁuﬁ"lummm

<

nilslg %aﬁaulmﬁ%ﬁmsmz@Lmé’umuéﬁLﬁUUixﬁgﬁ%ﬂMaﬁﬂ Aperture time %89 Sample

[

and hold ﬁaL'Ja'uffdLwiﬁuauamfy'lmuﬁuﬂszagmﬁzjwﬁqﬁm%’u Sample and hold &~

q <

Aperture time Tusgiunuusing uay Switching time vesgunsaiuonfiniildlunggs Favuaz
a%’wléfdwauazﬂmgﬂndﬂmsa%q ADC Pmiiiga
Tun1sdu "ﬂgnpmamaangﬂzjmﬁuiwzqmﬁ nsguazidunisinge U MeuIaen

‘lmmnmé’uﬁuﬁwaﬁwﬁﬁﬁwwuﬁaammL%Jevm NAvasSEuF YR aToufy s

@

AU ”zyzymwaél,muq

[y

nudyauewaen lneiateyd "’fyfy'lzuamaaﬂﬁwﬁmuwumzuﬁaﬁ
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mndygaeunaeniignau fyaeuaeniigngugn Hold auni Toyayaurlusignaududun

%ﬁﬁé’ﬂwmz‘uaumﬁww

v

P aAggImanIaeniuym
t

P aadhindudyonn

H
X:
B , [ , t P ; » sAggsssermAIn gy
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2.11 Multiplexing (MUX) wag Demultiplexing (DEMUX)
Multiplexing (MUX) uaz Demultiplexing (DEMUX) myneia wiallmeganiefivhanldly
e suarlunsyinures input/output iensenevan SRTTRTVERE) Ay Ny
Youdyauvsoansy ms?{amﬂﬂw%’am nuluameifsunaiinves multiplexing a1unsauenAy
LANANYRIFYYINAY WU wenan weniud wazuenAudves Tynusazyiineanaindy
B9 Multiplexing gnihinldaudmsunisindedoasiidussesmnilng (long-haul
communication) gavesdedyyin - (Trunk) fdmnllunsindeszoymidlag ( long-haul
network) Lﬁmﬁu“laﬁwLLaaﬁﬁUizﬁwﬁmwgq vemelanendea vierulilasi msifeused
ausoddesriluldlusasgdluusinannn wazannsaawiudyondedluliviuilaely

113 multiplexing

¥ Yk, £ chiomide

## i;‘l'{mli* £ kgt

JUT 2.28 sUmsuendnaia

MngY 228 uansbiiiumiivesnisvin multiplexing luguuvufideiisunuumm
1w n Suwnidnlufidaimanives ( multiplexer) Midafinaniwesroideudrfuaedours
(link) LduLdie g7y demultiplexer §78 (ink fmuatuise lunasderruduygyaly

147U n Y&y 1 ai(channel) 67 multiplexer 3390181 99Ya ( multiplex) 911 input

2]

line 91u2u n line wazdsiuaedyyradonds ( data link) 1A maI15 084

(i demultiplexer §u stream dayafitdumultiplexed uuen ( demultiplexers) eanlusy

14 o

vosdyuudaideluds output  line Ao3n158110135 15 multiplexing 11l9e1uneng

[

unsvaeuniu Wunsreivanadsd
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dnsmsdefeyadegunntuils cost - effective N1389Yud U transmission
facility fufod1nsy application Viﬁwuﬂiﬁu,azmaiﬁisawwﬁﬁmuﬂ‘lﬁﬁﬂ%ﬁiw
A Kbps amas leifiudnsnisaedayaves transmission facility luvihueaiieafiudrldingves
gunsaldmivdenszaedeya (transmission) wazn1siusie Kops SAnananiiowiy data  rat

] v

gunsnideaisdeyaudarediedosnisdnsinissudedonaludnsiinemuzidy

Y

(%

@15 terminal Waz personal  computer application 8n31n155¥Udatayauu199600

bps uaz 64 kbps Afiedniisane  Multiplexing \HumafinBnsdsfeyalunfeusuludunng

Wiy s¥UU Multiplexing fieg 2 svuu fe
- MUX WnsWia

- DEMUX nansa
Ussinnvae Multiplexing
Frequency - Division Multiplexing (FDM)
Wave - Division Multiplexing (WDM)
Time - Division Multiplexing (TDM)
- Synchronous TDM
- Asynchronous TDM
® Frequency - Division Multiplexing (FDM)
Frequency - division Multiplexing ( FDM ) FDM a'ﬁa:gauw Analog araulaiSes
M et Input waz Output il ANuNTvesdyIauin Tuusas fryunugn
Waslaeld carrier frequency nasandeurazdugaazliniudu 1wy broadcast radio

® Wave - Division Multiplexing (WDM)

il concept ¥ FOM sniiu DeMultiplexing fisauuazdsluans fiber optic 371
lnduidauduaneiufifaufaeeenlundey q fu ndnnisie 9 weimalulad

v v o 2 W o 4 19 i ° |
Futau wenadunaslududyaralvih udnnsuiiou FOM msgldaualumsyud

wialuladdudoumnseinmsrnwivauas
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® Time - division Multiplexing ( TDM )
TOM 2zanlaidesvaaan wnefunugy Digital uaziimaant® Tunnsld link i§easy
1o ustaziSedlumuidunng Tom sxilogansdnuny fie
1. Character Interleaving pesiimsdedoyantneion 8 bit
2. Bit Interleaving Warsandoyailu bit 1Seefudnn

oy

2.12 389 led 16*2

3UM 2.29 Tuga LCD uuvaynsuwwn 16 fshws 2 ussiin

Mwmdswosuazaiiinsldnuves LcD luga

INTERFACE PIN FUNCTION

PIN NO. SYMBOL FUNCTION

1 Vss Ground

2 Vop +3¥or+5V

3 Vi Cantrast adjustment

4 RS HIL register select signal
§ AW HA readiwrite signa

8 E H = L enable zignal

7 DB HiL data bus line

& DB H/L data bus lins

9 082 H/L data bus line

10 DE3 H/L data bus line

11 DB4 ‘L data bus line

12 DB8E H/L data bus iine

13 DB3 HiL data bus line

14 D87 H/L data bus line

15 AVEE +42ViorLED{Ry = C O¥negative voliags output
18 K Pawer supply for B {0 Vi
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Uit 2.31 wansanndnenssuvedulasreulvsalaeiuuusinga

9N3UA 231 d1U0eAsHaA1Te (Instruction Decode) nwithiinenswardalusuasy
wisliffigiinlanazanunsavineld fiaudin (PC Stack) Wumhemnudwimihilifuieyaves
Wawned naiiuleyavesaudinasiidnwasutuuuy FILO (First In Last Out) Fayailifuidil

VunuInauRzdaseueanivias
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lassaiadessuredlulasreulvsaaes vaenlaozunsuzuil 2.32 Usznaulusae
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2.1 yngdsznananaiem3edity (CPU: Central Processing Unit) $misiissnaana

'
o w

doyanuAidalusunsy ehu%‘%amai‘ﬁ]mﬁuﬁagaumﬁmuﬂm’immwaq‘lﬂmﬂau‘[maLa@%

[

mavivuvesditgll 2 Snsfe wind (Fetch) way 1Bndfad (Executed)Sumnnisiving doms
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2.2 whemualusunsy (Program Memory) v‘iwﬁwﬁﬁdﬂsummﬁadﬂwﬂu%ﬁ'gm
nsUszinana fdenasd 3 wuude
® Luudwsau (EPROM : Erasable Programmable Read Only Memory) fuuu
Tsunsuldpdaiier uazuuulusunsuléuansas n1saudaslduaganiilledn duuulusunsy
WnSufenasliaunsnautasTusunssvilg
® Luuddnsau (EEPORM Electrically Erasable Programmable Read

OnlyMemory) Wuwhemmudiauuasdeulmilaame i Uatubiteumwsedisnaung
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° uuuunay  (Flash)  wheaiuavdndaunsaavuazdouludlddae
”@zymlvxlﬁnﬁuﬁﬁammnstnziﬂmhjLwammamu"aammﬁﬂﬂmﬂsu‘*ﬁuagiﬁumszgaLLaz
wesvedlulasaeulnsamesihidauasiivunamuguitlug Wy Ty PIC16F877 fuheanuan
1Usunsu 8192 x 14 Gn

2.3 wheavwdrdoyausy (Data Memory) vimhiivdieyasnnisussnanares

24 whemudrfeya EEPROM umbsenudiiflulilaseeulnsamesuteuic
Mﬂwﬁﬁu%’agai’iuﬂlﬁmw@;sm nsousasilauazlddyanalii

2.5 33awmaine’n (Register Space) Wunisanusmiavannsnsudeulinasnina
viihifiudeyalunsiaiueslilasreulnsaiaed uansanuzassnsvhauimuantminny
lulasmeulnsaiaes LfJumwwa%mﬁa&iaﬁamﬁagaﬁ%’uLfﬁ’wmmwﬁuwmLLaza'a‘iTa:&aaarwm
winaluigunsalnieuen

2.6 29TFYIUUIR v‘huﬁﬂﬁmuQuﬁ"]’qmzmsmmwuaqluimmu‘[mmaa%

lulasmeulnsamasnsza PIC

Lilaspeulnsaiaesnszna PIC vosuiev lulastu d1ie Aidenlutiagtugniluldly
sunsaluazmuatlugaamnssy luauumn fiviedensusznouiisuiue saus 61
i 80 ¥ waziimherudilusunslfFendaud 384 Tus fs 128 Alalu

PIC filulasmaulvsalaes (Microcontroller) Snnsznanils seananaritPeripheral
Interface Controller dsamiemnattaientiluil mihemualdsunsumheanuadeys
RAM, EEPROM, Inines, USB, 12, PWM, A/D a1 tnglaidudusiossiogunsaliaSumnaeuen

AnANEIZIA TWuaslulasreulnsaiaainszga PIC

® iaraewleAIuT
- viheanuwuuway Tusunsuuazauldvaends
- mhgarnuiuuuTusunsuléadaiion OTP (One Time Programmable)

- ¥8A1131 ROM (Read Only Memory) TUsunsuuazaulsvansnss 35aulagls

ueganitlalawsn
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-05-512K

® AUANURIY 9
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- Figudunuu RISC Sddldaulseana 35 fde
- AR Aausilyinssfisgean 8OMHz
- A3n9a I/0 wesn
- fivpsernasndunn
- fillugalSuiisunseiuazunasn
- flmwesaely
- NITLATRTANAYNTEUATIAGY
- peuaus A LdanTBune UM el uLaznsuen
- fhsiwneseauiian (POR)
- wnessulnwes (PWRT)
- TlnuaUssndandauviseaunusuney
- endneonlviues (WDT)
- fhas USB iWenstegunsalnnewen
- mmamé‘aﬂﬂaaﬁ’m’fa;&aﬁy’q‘lwmam’xmﬁ’ﬂﬂmmiuLLawﬂwm'mﬁﬁa;da
- ansadenldrsasAufindgyaraunsinile
1. EC Tdyayrauuniiniannnieuen
2. ER Tasadumu
3. INTRC lddumunasaudimessisudygauininiglu PIC 1
4. LP ldn3anoandsaius anuigeaalsiiiu 200kHz
5. XT linSanea mnufifeud 100kHz - gegalahiiu aMHz

6. HS Tdn3anaannuigegnlaitiu 20MHz
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~Iolee +3v. e +5.5v.
- fluga PWM (Pulse Width Modulated)
- fugadoansioyasunsu USART
lulnsmeulvsaiaesnszna PIC wisfuoenld 4 vuede
- wuuadALg 12 O Wwestudude PICL2CSXXX, 16C5X

- uuuyaddene 14 On westududag PICLEFSX, 16F87X
- wuuTRAAYILg 16 O Lwasiududae PICL7CTXX, 18C2XX
- wuugafdennn 32 Tn westududae PIC32MX3XX/axX
PIC gaendsvua 16 n
PIC pszqatitenldauegneniiermann fidudiu 23 fdwn 35 fdddy PIC sum

16 Un Ynnuiinudaegn 40 MHz fam15199

MEANAT | miteaud | Ao /O | AT
lulasasulnsalaed
Tsunsu Yoya guga(MHz) | wein

17C43 4096 x 16 454 13 33

17C752 8192 x 16 678 i 50

18C242 8192 x 16 512 a0 23

18C252 16384 x 16 1536 a0 23

18Fa520 32768 x 16 1536 40 36
ayumsidenlulasreulnsaiass PIC Tivmngausunuiily Tnenilsfanuantinugu

De
e

L. Snudunaiednaiisenisly
2. M3ausaiunBuen WU USB, 12C, USART (Judy
3. ywavedlusunsuisesmsiliou fedlilvgifuruavemiheanuslusensy
4. YUAURIIEANTT RAM
[
5. Anuslunsmau

6. YUIANINNYATN
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3.1 LED DRIVER
il ! 91! ] gues
_.N.J.T_I h': P ﬂf_,_

v
T
8

w—!V u:}:vb - L b’:«f
LA ‘s \
L__a%g é_] , J_v@__r
<

£ gz
v v

JU7 3.1 299sdunszua

7ol Red LED Tnszualvia ogluyia 6.5 - 75.0 mA

waglit IR LED finsvudlnanglugag 4.3 - 50.0 mA

NGRS V = IR YMANTeUaved RED ; lgep = 6—58 = [ 3N

UATNITLEAVDY IR ; Ig = g 50mA
100

37

09910 LED Visaeaneiiosin - fu aduiudsgy vilvidiodld NMOS vt iliduaing

Winsualvari Inglidygaudvtennnud 1.5 KHz uansiagud 3.2
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3.2 eyl F1 uaz F2

Ui 3.2 fyeuau F1 way F2
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i 4 RESET -4
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7 DISCH
f; T 30UT
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CLK

Qtuf

CLK

vee

O |

CLK—e

<}+/GND

R

149as 555 Timer uuu Astable ioasadyanadvdonanud 3 kHz 9ntuiams

Divider Frequency lngld D FlipFlop ﬁaﬁuﬁﬂgﬂﬁ 3.3 A9UIYININIT AND 5EMn9
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el F2 faguil 3.4
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CLK
Q
o]l
F1
F2
31117{ 3.4 dyanas CLK fyam Q dyana QU dyeyreu F1 wae Juaed F2
#osn3li 555 Timer a319danadivasunnud 3 kHz Fshmueldaind R1 R2 uas
C2
1
NGNT f =
i C2(R3 +R4)In2
azla C2(R3+R4) = 480.89 us
Genly C2=0.1 pF
zlel R3+R4 = 4808.98 £

9497099713 Duty Cycle 25% 39l R3 (U 20% way RA W 80%

ald R3 = 961.79 Q uaz R4 = 3847.18 Q

3.3 Low pass filter

; Q0pF

U 3.5 1993n389ALA
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Aosnsinszuanawiiumnan LED eflanudadululy aunsorunaemuilalng
Muua LA R =3kQ,C = 390 pF

NNGAT  f = ! = !

2 7 RC 2(3.14 }(3x10 ®)( 39 x 10 2)

= 136 kHz
aeldanuiidvesnwiiu  136kHz

3.4 Curent to Voltage

3UT 3.6 1asAsunszuaduussdiu

\io331n photodiode tnszuatllofiuaunannszny 1deswinmsulainszuwailaniiy

photodiode Tidu voltage lneld1995 current to voltage converter %38 transimpedance

amplifier

Iy Vout = —IphotodiodeR

wt i 2niec BETER TR 1016)(18 x 10 “2)
~ 8.8 kHz

lamnudfveanvindy  8.8kHz



3.5 Demultiplexer

sUN 3.7 qunsnluendymin

9

199N ABINTLEALSINUTNIRIN 2995 Curent to Voltage oanlu 2 du Tneeihu

Demultiplexer saglidayayins IR_Signal WaERED_Signal

3.6 Low pass filter uu two pole low pass filter

[

—,T.m:-;.ﬁe
Uza
RS R

AN AN
0V, 100
ca
[R3

E‘U'ﬁ 3.8 IINTDIANUDUUY second order

dasn Rs = Ry = 100kQ)

41
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LAy C5 = 2C5 =01 2 F

: NG ¥

WAENT f= = . =
I 47RC ¢ 47x100x10°x68x10

~ 16 Hz

3.7 Active high pass filter

% R10
&0k 5

v
c7 "I'T_Mevsr
N UsE

zz»:lL L_

R ¢

[ o]

R12
AYAVAY.

100K

7N 3.9 2sainsesAnudge

1189910 Ryp Ua¥ Ry, Wushimunsn DC Widaa Wiothlullunisuszsanananien
pandlauluien

Tngimuali R = 6.8 kQ uaz C = 220 uF

NGNS = L = i =~ 0.1Hz
27RC 27 x6.8x10% x 220 x10~
; 5x 6k8
' a o Yo v V —_ ~ 0 .6 V
A1 DC Niivualidyaa mldan Voc S50k

v RlZ
wazdns1veenlaain 4, =1+R_ ~ 3,56
13
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3.8 Amplifier

5V

Lhizse
u4B

sUil 3.10 295U88FYY I

\ll8a97n RED Signal Hvtnadyanandesinnissndusiomenedyamneu Tngliesume

kUU non-inverting %ﬂﬁmuﬂflﬁ Rig = 91k Q way Ry; = 30kQ

bildgnsveny 4, e {11% " 1, G
17
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4 RESET g 5
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2750 (88 & 2
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Ts !
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4.2 1935 LED Driver

a9V
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CHL: A CH2: B
4.3 29930A3UFYy
pw
R7
——N—s

sy I oF——
Rs a8 o "
AL AR T . 1 — R Emer>

PHOTCLCDE | 25

bt

Y c —EDsmar
2
4
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CHL:C CH2:D



4.4

ey 194va9 IR LED

CHL=F CH2 :G
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4.5 &aysyreuvas RED LED

gﬂﬁ 4.5 2995v039dI0d RED LED

TBGos
=400y

CHL CHZ :J CH1 :J CHZ :K



CHL : F (IR_DC)

CH2 - J (RED_DQ)
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CH1: H (IR AQ)

,4* o
o5

90 o o 9w e 8

.

i &

CH2 : L (RED_AC)

CH2 : L (RED_AQ)
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uni 5

dyunan1Innasg

insvaaesiaAteandiauludeavisnun 5 a3a lnsauArialaain Oscilloscope

U A v a vV U
Towen R = ACae DCrep | %Sp02 = 110-25R  LANANIINAABIAINITIAUENS
AC, /DCp

g RED LED IR LED

ATV R %SpO2 (%)

AC (mV) DC (V) AC (mV) DC (V)

1 350 1.9 470 2.5 0.9798 85.50
2 320 1.6 460 2.0 0.8695 88.26
3 370 1.8 550 238 0.9343 86.64
4 320 1.6 410 1.9 0.9268 86.83
5 340 2.1 480 2.6 0.8769 88.08
6 220 1.9 390 2.5 0.7422 91.44

NNANITNAGDIVI 5 ATI WUIIAT %SpO2  fimlnalAesiu Fealadeues %Sp02 iR
WU 87.79% usl %Sp02 Nialaluauun@dimsdl >97% viliiinanuraiamdouly 9.49%
FIAMUABIAAFBUTAATLLDIAAAINUENNABUDATILILITUNIWINI  photodiode  §U

WAIRANAA kAZDILAAIINNTINBIUAI9IN Oscilloscope vinlularviaaaAdow

3150INANIINAADY

lassnuiivhenaslulinuingussasiniafinmuiianaiaiilosain

v a

1. dayanvinldlumsiiligniewiaue Jwihliifaanudanais
finsunlvamaigaiduinldnalunisviaun

gunsaliimnutinundaulianunsaldaula

W o

gunsainldlumsvihauiianuiianain Isiinanmeassdianaiala
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http://www.ti.com/lit/an/sprab37a/sprab37a.pdf
http://www.electronics-tutorials.ws/filter/filter 7.html
http://www.ti.com/lit/an/sprab37a/sprab37a.pdf
http://www.freescale.com/infocenter/index.jsp?topic=%2FAN4327%2Findex.html
http://medinfo.psu.ac.th/smj2/smj24_3/pdf24_3/12bordin.pdf
http://www.ti.com/product/tps61042
http://www.alldatasheet.com/view.jsp?Searchword=SN54HC04
http://www.alldatasheet.com/view.jsp?Searchword=PIC24HJ12GP201/202
http://www.futurlec.com/Datasheet/CD4000/CD4081.pdf

http://www.nxp.com/documents/data_sheet/HEF4069UB.pdf
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SEMICONDUCTOR m

2N7000 / 2N7002 / NDS7002A
N-Channel Enhancement Mode Field Effect Transistor

General Description Features

These N-Channel enhancement mode field effect transistors = High density cell design for low Ry y,-
are produced using Fairchild's proprietary, high cell density, = Volt trolled small signal switch
DMOS technology. These products have been designed to eagseontelioc small slgnal switen:
minimize on-state resistance while provide rugged, reliable, ®  Rugged and reliable.

and fast switching performance. They can be used in most
applications requiring up to 400mA DC and can deliver
pulsed currents up to 2A. These products are particularly
suited for low voltage, low current applications such as small
servo motor control, power MOSFET gate drivers, and other
switching applications.

= High saturation current capability.

e
FAIRCHILD November 1995

D
G
G
o SOT-23 S
(TO-236AB)
2N7002/NDS7002A
Absolute Maximum Ratings T, = 25°C unless otherwise noted
Symbol Parameter 2N7000 2N7002 NDS7002A Units
Voss Drain-Source Voltage , 60 \%
Voer Drain-Gate Voltage (R, < 1 MQ) 60 \%
Viass Gate-Source Voltage - Continuous +20 \%
- Non Repetitive (tp < 50us) +40
Iy Maximum Drain Current - Continuous 200 115 280 mA
- Pulsed 500 800 1500
P Maximum Power Dissipation 400 200 300 mWw
Derated above 25°C 3.2 1.6 2.4 mWy/°C

TiTsre Operating and Storage Temperature Range -55 to 150 -65 to 150 °C

L Maximum Lead Temperature for Soldering 300 °C

Purposes, 1/16" from Case for 10 Seconds

THERMAL CHARACTERISTICS
Rsia Thermal Resistance, Junction-to-Ambient 312.5 625 417 *C/W

© 1997 Fairchild Semiconductor Corporation

2N7000.SAM Rev. A1




Electrical Characteristics T, = 25°C unless otherwise noted

Symbol | Parameter Conditions Type l Min | Typ l Max I Units
OFF CHARACTERISTICS
BVpss Drain-Source Breakdown Voltage |V =0V, [;=10 pA All 60 \
Ioss Zero Gate Voltage Drain Current |V, =48V, V=0V 2N7000 1 HA
T,=125°C 1 mA
Vps =60V, Vg=0V 2N7002 1 pA
T,=125°C A 0.5 mA
lossr Gate - Body Leakage, Forward Ves =15V, V=0V 2N7000 10 nA
Ves =20V, V=0V 2N7002 100 nA
NDS7002A
lossr Gate - Body Leakage, Reverse Ves =-15V, V=0V 2N7000 -10 nA
Ves =-20V, Vg =0V 2N7002 -100 nA
NDS7002A
ON CHARACTERISTICS (Note 1)
Vs Gate Threshold Voltage Vs = Vgs [p =1 mA 2N7000 0.8 2.4 3 v
Vs = Vg I = 250 A 2N7002 1 2.1 2.5
NDS7002A
Rosion) Static Drain-Source On-Resistance | Vg5 = 10 V, I, = 500 mA 2N7000 1.2 5 Q
T,=125°C 1.9 9
Ves=4.5V, I, =75 mA 1.8 5.3
Vs =10V, I, =500 mA 2N7002 1.2 75
T,=100°C 1.7 | 135
Ves =5.0V, [, =50 mA 1.7 75
: T,=100C 24 | 135
Vs =10V, I, =500 mA NDS7002A 1.2 2
T,=125°C 2 35
Ves =5.0V, ;=50 mA 17 3
T,=125°C 2.8 5
Vosion Drain-Source On-Voltage Vgs =10V, I, =500 mA 2N7000 0.6 25 \Y
Ves =45V, I, =75mA 014 | 04
Ves =10V, |5 =500mA 2N7002 06 | 3.75
Ves =5.0V, |, =50 mA 0.09 | 15
Ves =10V, I, =500mA NDS7002A 0.6 1
Ves =5.0V, I, =50mA 0.09 | 0.15

2N7000.SAM Rev. A1




Electrical Characteristics T, = 25°C unless otherwise noted

Symbol l Parameter

Conditions

Type | MinJ Typ J Max I Units

ON CHARACTERISTICS Continued (Note 1)

Ioon) On-State Drain Current Ves =45V, V=10V 2N7000 75 600 mA
Vos =10V, Ve ® 2 Vogens 2N7002 | 500 | 2700
Ves =10V, Vg 2 2 Vg NDS7002A [ 500 | 2700
Oks Forward Transconductance Vps =10V, I, =200 mA 2N7000 100 | 320 mS
Vos 2 2 Vg Ip =200 mA 2N7002 80 320
Vos 2 2 Vg Ip =200 mA NDS7002A | 80 320
DYNAMIC CHARACTERISTICS
Ce. Input Capacitance Vos =25V, V=0V, All 20 50 pF
e Output Capacitance f =1.0MHz All 11 25 pF
C.. Reverse Transfer Capacitance All 4 5 pF
ton Turn-On Time Voo =15V, R =25Q, 2N7000 10 ns
I, =500mA, Vg =10V,
Reen =25
Vpo =30V, R =150 Q, 2N7002 20
I, =200 MA, Vs =10V, N
Reen =25 Q
tos Turn-Off Time V=15V, R =250, 2N7000 10 ns
I, =500 mA, V=10V,
Roen =2
Voo =30V, R =150 Q, 2N7002 20
I, =200 mA, Vg =10V, NDS7002A
Reen =25 Q
DRAIN-SOURCE DIODE CHARACTERISTICS AND MAXIMUM RATINGS
ls Maximum Continuous Drain-Source Diode Forward Current 2N7002 115 mA
NDS7002A 280
lsm Maximum Pulsed Drain-Source Diode Forward Current 2N7002 0.8 A
NDS7002A 1.5
Ve Drain-Source Diode Forward Ves =0V, I5= 115 mA (Note 1) 2N7002 088 | 15 \Y
Volage Ves =0V, Ig=400 mA (ote 1) NDS7002A 0.88 | 1.2

Note:

1. Pulse Test: Pulse Width < 300us, Duty Cycle < 2.0%.

2N7000.SAM Rev. A1




Typical Electrical Characteristics
2N7000 / 2N7002 / NDS7002A
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Figure 1. On-Region Characteristics
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Figure 3. On-Resistance Variation
with Temperature
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Figure 5. Transfer Characteristics
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Figure 2. On-Resistance Variation with Gate
Voltage and Drain Current
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Figure 4. On-Resistance Variation with Drain
Current and Temperature
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Typical Electrical Characteristics (continued)
2N7000 / 2N7002 /NDS7002A
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Figure 7. Breakdown Voltage Variation
with Temperature
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Figure 9. Capacitance Characteristics
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Figure 11.
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Figure 8. Body Diode Forward Voltage Variation with
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Typical Electrical Characteristics (continued)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FASTr™ PowerTrench® SyncFET™
Bottomless™ GlobalOptoisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ Qs™ UHC™
CROSSVOLT™ HiSeC™ QT Optoelectronics ™ VCX™
DOME™ ISOPLANAR™ Quiet Series™

E2CMOS™ MICROWIRE™ SILENT SWITCHER®

EnSigna™ OPTOLOGIC™ SMART START ™

FACT™ OPTOPLANAR™ SuperSOT™-3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FAST ® POP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTENAPPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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HEF4052B

Dual 4-channel analog multiplexer/demultiplexer
Rev. 8 — 17 November 2011 Product data sheet

1. General description

The HEF4052B is a dual 4-channel analog multiplexer/demultiplexer with common
channel select logic. Each multiplexer/demultiplexer has four independent inputs/outputs
(nYO0 to nY3) and a common input/output (nZ). The common channel select logic includes
two select inputs (S1 and S2) and an active LOW enable input (E). Both
multiplexers/demultiplexers contain four bidirectional analog switches, each with one side
connected to an independent input/output (nY0 to nY3) and the other side connected to a
common input/output (nZ). With E LOW, one of the four switches is selected
(low-impedance ON-state) by S1 and S2. With E HIGH, all switches are in the
high-impedance OFF-state, independent of S1 and S2. If break before make is needed,
then it is necessary to use the enable input.

Vpbp and Vss are the supply voltage connections for the digital control inputs (S1 and S2,
and E). The Vpp to Vss range is 3 V to 15 V. The analog inputs/outputs (nY0 to nY3, and
nZ) can swing between Vpp as a positive limit and Veg as a negative limit. Vpp - Vg may
not exceed 15 V. Unused inputs must be connected to Vpp, Vss, or another input. For
operation as a digital multiplexer/demultiplexer, Vgg is connected to Vs (typically
ground). Veg and Vsg are the supply voltage connections for the switches.

2. Features and benefits

Fully static operation

5V, 10V, and 15 V parametric ratings

Standardized symmetrical output characteristics
Specified from —40 °C to +85 °C and —40 °C to +125 °C
Complies with JEDEC standard JESD 13-B

3. Applications

B Analog multiplexing and demultiplexing
& Digital multiplexing and demultiplexing
m Signal gating




NXP Semiconductors HEF40528

Dual 4-channel analog multiplexer/demultiplexer

4. Ordering information

Table 1.  Ordering information
All types operate from —40 °C to +125 C.

Type number  |Package

Name Description \Version
HEF4052BP DIP16 'plastic dual in-line package; 16 leads (300 mil) [SOT38-4
HEF4052BT S0O16 plastic small outline packag"éf 16 leads; body width 3.9 mm SOT109-1
HEF4052BTT TSSOP16 plastic thin shrink small outline package; 16 leads; body width 4.4 mm  SOT403-1

5. Functional diagram

VbD
16
13 iz
| 12
2o
10 —I l——15 — 1Y2
S1 —|
U1 4vs
LOGIC ey
COI\II_\!/EI\E/IEIS_ION TP 1
s2—4° 0. r—{ I———— 2Y0
_.I;I_5_ 2v1
. Q6
E )
_I;]i_ 2v2
_L_rJL 41 ovs
[Ta D~ ] .
8 , 2z
mnb042
Vss VEe
Fig1. Functional diagram

HEF40528 All i ion provided in this d nt is subject to legal disclai 5 © NXP B.V. 2011. All rights reserved.
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NXP Semiconductors H E F40528

Dual 4-channel analog multiplexer/demultiplexer

nYn

|
l
.JL.._IDL;,

—I""'VDD E[—‘V‘J Vp

E&J_DOJ__ISZE nZ

001aak604

Fig2. Schematic diagram (one switch)
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e 10 0
9 4 x E
13 1
| SNG4
1Z
1Y0 |—12 1 |J
10 — s1 Y1 f—14 o ]
9 —|s2 1Y2 }—15 - 5
1Y3 f—11 2—2
2Y0 |— 1 34
2Y1 | 5 | 12
@ ¥ 14
2Y2 2 o
6 O E 2Y3 |— 4 15
¢ 1 011
[ i Em
3 001aak605 mnb041
Fig 3. Logic symbol Fig 4. IEC logic symbol
HEF4052B All' ion provi in this d is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Dual 4-channel analog multiplexer/demultiplexer

12
— 1Y0
S1— LEVEL
CONVERTER — 1Y1
== |
LEVEL gl<
52— CONVERTER |>° I ‘>° _>1<_1y2
,E )O—L—‘ >0-
E— LEVEL
CONVERTER —1Y3
,—%—ZYO
»—%—2Y1
»—%—ZYZ
%—2Y3
—27Z
001aak634
Fig5. Logic diagram
HEF4052B All infc ion provided in this di is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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HEF4052B

6. Pinning information

Dual 4-channel analog multiplexer/demultiplexer

6.1 Pinning

HEF4052B
2v0 [1] 16] Voo
HEF4052B
2y2 [2] [15] 1v2
2z [3] [14] 1v1 2o [1] Q [76] Voo
2v2 [2] [15] 12
2v3 [4 13] 1z
EX 3] 2z [3] [14] 11
2Y1 [5] [12] 1Y0 2v3 [4] [13] 1z
. 2v1 [5 ] [12] 1v0
E[6 11] 1Y3
e ] E [6] [11] 1v3
VEe E E S1 VEe [Z E S1
Vss [8 (9] s2 Vss [8]] [ 9] s2
007aag215 0071aak606
Fig6. Pin configuration SOT38-4 and SOT109-1 Fig7. Pin configuration S0T338-1 and SOT403-1
6.2 Pin description
Table 2.  Pin description
Symbol Pin Description
E 6 enable input (active LOW)
Vee 7 supply voltage
Vss 8 ground supply voltage
S1,82 10,9 select input
1Y0, 1Y1, 1Y2, 1Y3, 2Y0, 2Y1, 2Y2,2Y3 12,14,15,11,1,5,2,4  independent input or output
12,22 43, 3 common output or input
Vpp 16 supply voltage

HEF4052B

All information provided in this d

is subject to legal disclaimers.

© NXP B.V.2011. Al rights reserved.
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NXP Semiconductors H E F40528

Dual 4-channel analog multiplexer/demultiplexer

7. Functional description

7.1 Function table

Table 3.  Function tablelll

Input Channel on

E |s2 S1

L L L nYO to nZ

L L H nY1tonZ

L H L nY2 to nZ

L H H nY3to nZ

H e X  switches off

[11 H =HIGH voltage level;
L = LOW voltage level;
X =don't care.

8. Limiting values

Table 4.  Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to Vss =0V (ground).

Symbol Parameter Conditions Min Max Unit
Vpp supply voltage -0.5 +18 Vv
VEe supply voltage referenced to Vpp 1 18 +0.5 v
lik input clamping current pins Sn and E; - +10 mA
Vi<-0.5VorV,>Vpp+05V
\ input voltage -0.5 Vpp +0.5 \
e ihput/oﬁfpﬁt'curre.ht ; S : D A ol : I -
Iop supply current - 50 mA
Tstg storage temperature —65 +150 °C
Tamb ambient temperature -40 +125 °C
Pot total power dissipation Tamb = —40 °C to +125 °C e /7 ' 2
= e ~ B} 5 g —
SO16 package - 500 mwW
TSSOP16 package - 500 mW
Y . power dis"bsipatvi"on v = R e s = e

[11 To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the voltage drop across the bidirectional
switch must not exceed 0.4 V. If the switch current flows into terminal Z, no Vpp current will flow out of terminals Y, and in this case there
is no limit for the voltage drop across the switch, but the voltages at Y and Z may not exceed Vpp or VEgg.

[2] For DIP16 package: Py derates linearly with 12 mW/K above 70 °C.

For SO16 package: Py derates linearly with 8 mW/K above 70 °C.
For SSOP16 package: Py derates linearly with 5.5 mW/K above 60 °C.

HEF4052B All inf ion provi in this di is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Product data sheet Rev. 8 — 17 November 2011 € of 22
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Dual 4-channel analog multiplexer/demultiplexer

9. Recommended operating conditions

Table 5. Recommended operating conditions

Symbol Parameter Conditions Min Typ Max Unit
Vpp supply voltage see Figure 8 3 - 15 \
\/ input voltage 0 - Vbp \
Tamb ambient temperature in free air -40 - +125 °C
AVAV input transition rise and fall  Vpp =5V - - 3.75 us/V
rate Vop =10V - . 0.5 us/V
Vpp =15V - - 0.08 us/V
001aac285
15 . T
I !
Vop - Vss —
V)
il c>pera‘tivngnai_;eAa»»t 1
5
0
0 5 10 15
Vop - VEE (V)
Fig8. Operating area as a function of the supply voltages
10. Static characteristics
Table 6.  Static characteristics
Vss = Vee =0V, V; = Vss or Vpp unless otherwise specified.
Symbol Parameter Conditions Voo Tamb =—40 °C | Tamp =25°C | Tamb =85°C  Tamp = 125 °C | Unit
Min | Max | Min | Max | Min | Max = Min | Max
Viy HIGH-level llol <1 pA 5V 3.5 - 3.5 - 3:5 - 3/5 - V
input voltage 10V T a s s e T Sl e T TRy
15V 11.0 - 11.0 - 11.0 - 11.0 - V
Vi LOW-level llol <1 A 5V - 1.5 - 1.5 - 1.5 - 1.5 V
input voltage MR == . e O~
i o e e R TP e
I input leakage 15V - +0.1 - 0.1 - +1.0 - +1.0 pA
current
HEF40528B Alli ion provided in this 1t is subject to legal disclail © NXP B.V. 2011. All rights reserved.
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NXP Semiconductors H E F40528

Dual 4-channel! analog multiplexer/demultiplexer

Table 8.  Static characteristics ...continued
Vss = Vee =0V, V| = Vgs or Vpp unless otherwise specified.

Symbol Parameter Conditions Vbp Tamb=—40°C | Tamp =25°C | Tamb =85 °C  Tamp = 125 °C | Unit
Min | Max | Min | Max | Min | Max & Min | Max
|s(o|:|:) OFF-state VA port; 15V 2 - - 1000 e o = = nA
leakage all channels OFF;
current see Figure 9
Y port; 15V - - - 200 - - - - nA
per channel;
see Figure 10
lob supply current Ip=0A 5V - 5 - 5 - 150 - 160 pA
10V - 10 - 10 - 300 - 300 pA
15V - 20 - 20 - 600 - 600 pA
C input Sn, E inputs - - - - 7.5 - - - - pF
capacitance

10.1 Test circuits

Vbp

I

S1and S2

Vpp or Vgg —————=-<=--=2 !

nZ J nYn
E
's Vss = VEe
Vbp —

Do Dw
Vazd 001aak635

Fig9. Test circuit for measuring OFF-state leakage current Z port

Vob

VDD or VSS _.§1_ap_d.s.|2 _Dﬂ

nZ I_O'\ nYn| 2
E

Vss T Vss = Vee

off o

77 0071aak636

switch

Fig 10. Test circuit for measuring OFF-state leakage current n¥n port

HEF4052B All inf ion provided in this di is subject to legal disclai © NXP B.V. 2011. All rights reserved.
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NXP Semiconductors H E F40528

Dual 4-channel analog multiplexer/demultiplexer

10.2 On resistance

Table 7. ON resistance
Tamb =25 OC,' ISW =200 ,UA,' Vss = VEE =0V

Symbol Parameter Conditions Vop—-Vee Typ Max Unit

Ron(peak) ON resistance (peak) Vi=0Vto Vpp - Vg; 5V 350 2500 Q
see Figure 11 and Figure 12 10V 80 245 -

15V 60 175 Q

Ronraiy ~ ON resistance (rail) V;=0V; see Figure 11 and Figure 12 5V 115 340 Q

10V 50 160 Q

15V 40 115 Q

V| =Vpp - VEE; 5V 120 365 Q

see Figure 11 and Figure 12 10V 65 200 o)

15V 50 155  Q

ARoN ON resistance mismatch V=0V to Vpp - Vgg; see Figure 11 5V 25 - Q

between channels 10V 10 o Q

15V 5 - Q

10.2.1 On resistance waveform and test circuit
o
Vpp Vsw
|
VDD Qrvss §1_apg_s_|2
nZ 0-4:—- nYn
E
Yes 2 [ Vss =Veg
%}l Isw Dvi
/J7 001aak637
Ron = Vsw / Isw-
Fig 11. Test circuit for measuring Rgy
HEF4052B Al information provided in this d is subject to legal disclail © NXP B.V. 2011. All rights reserved.
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Dual 4-channel analog multiplexer/demultiplexer

400 001aae648
Ron
@)
Vpp=5V
300 /
200 \
100 [ 10 V\
L LT 15V
// —T
0
0 5 10 1
Vi (V)
Fig 12. Typical Roy as a function of input voitage
11. Dynamic characteristics
Table 8.  Dynamic characteristics
Tamb = 25 °C; Vss = Vee = 0 V; for test circuit see Figure 16.
Symbol Parameter Conditions Vpbp Typ Max Unit
tPHL HIGH to LOW propagation delay nYn, nZ to nZ, nYn; see Figure 13 5V 10 20 ns
10V 5 10 ns
15V § 10 ns
Snto nYn, nZ; see Figure 14 5V 150 305 ns
10V 65 135 ns
15V 50 100 ns
tpLH LOW to HIGH propagation delay Yn, nZ to nZ, nYn; see Figure 13 5V 10 20 ns
10V 5 10 ns
15V 5 10 ns
Snto nYn, nZ; see Figure 14 5V 150 300 ns
10V 75 150 ns
15V 50 100 ns
tonz HIGH to OFF-state E to nYn, nZ; see Figure 15 5V 95 190 ns
propagation delay 10V 20 180 e
e e e i
tpzH OFF-state to HIGH E tonYn, nZ; see Figure 15 5V 130 260 ns
propagation delay 10V 5B 15 g
ity e =
tpLz LOW to OFF-state Eto nYn, nZ; see Figure 15 5V 100 205 ns
propagation delay 10V 90 180 e
15V 90 180 ns
HEF40528 All i ion provi in this d t is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Dual 4-channel analog multiplexer/demultiplexer

Table 8.  Dynamic characteristics ...continued
Tamb =25 °C; Vss = Ve = 0 V: for test circuit see Figure 16.

Symbol Parameter Conditions Vpp Typ Max Unit
tpzL OFF-state to LOW E to nYn, nZ; see Figure 15 5V 120 240 ns
propagation delay 10V 50 100 ns
15V 35 75 ns
11.1 Waveforms and test circuit
Vbop
nYn or nZ
input Vm Vbp
Vee Sn input Vm
2 e Nl P gL ~ <~—tpLH — ~—tPHL—
Vo Vo 9
nZ or nYn nYn or nZ o0 %
output Vu ouipyt NEE—— &% f10% \
Vg switch OFF —-I<— switch ON —I=— switch OFF
0071aac290 001aac291
Measurement points are given in Table 9. Measurement points are given in Table 9.
Fig13. nYn, nZ to nZ, nYn propagation delays Fig 14. Sn to nYn, nZ propagation delays

VDD ‘\
E input [VM
Vsg —I -

~—tPLz —»f — tpzL |-
Vo 90 9
nYn or nZ output g
LOW-to-OFF
OFF-to-LOW
Veg 10 %

le—— tPHZ — le—tpzH —>
Vo
nYn or nZ output il
HIGH-to-OFF
OFF-to-HIGH
VEE . 10 %
switch ON —sl<——— switch OFF <— switch ON
0071aac292
Measurement points are given in Tabie 9.
Fig 15. Enable and disable times
Table 8.  Measurement points
Supply voltage Input Output
Voo Vi Vm
5Vto15V 0.5Vpp 0.5Vpp
HEF40528 All inf ion provided in this d 1t is subject to legal disclai © NXP B.V. 2011. All rights reserved.
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tw
\] =
negative 90 % Vv v,
pulse "q 0% M
oV
—»,t—fI<— —| t =
—>| tr I<— —| tf |-
positivevI 90 %
VM Vm
pulse 10 %
oV N
tw
Vbp
Voo Vi J
Vi Vo RL ST
PULSE DUT — open
GENERATOR 0
R —
i - CL
Vss
VEE
001aaj903
Test data is given in Table 10.
Definitions:
DUT = Device Under Test.
Ry = Termination resistance should be equal to output impedance Z, of the pulse generator.
Cy = Load capacitance including test jig and probe.
R\ = Load resistance.
Fig 16. Test circuit for measuring switching times

Table 10. Test data

Input Load S1 position
nYn, nZ SnandE |t,t; Vu CL R tpp [ gtPLH gtPZH! teHz |tpzL, tpLz |other
Vpp or Veg Vpp or Vgs <20ns 0.5Vpp 50 pF 10 kQ Vpp or VEe Vee Vee Vpp Vee

[1] FornYn to nZ propagation delays use Vgg. For Sn to nYn or nZ propagation delays use Vpp.

HEF40528 All i ion provided in this document is subject to legal di
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Dual 4-channel analog multiplexer/demultiplexer

11.2 Additional dynamic parameters

Table 11. Additional dynamic characteristics
Vss =Vee=0V; Tymp = 25 C.

Symbol Parameter Conditions Vop Typ Max Unit
THD total harmonic distortion see Figure 17;R. =10 kQ; C_. =15pF; 5V M 0.25 - %
channel ON; V| = 0.5Vpp (p-p); 10V 1 004 . o
fi=1kHz
15V 0 oo4 - %
f_3dB) -3 dB frequency response  see Figure 18; R, =1 kQ; C_ =5 pF; 5V 113 - MHz
channel ON; V| = 0.5Vpp (p-p) 10V 1l 40 ) " MHz
Qiso isolation (OFF-state) see Figure 19; fi=1MHz; R_=1kQ; 10V b1 50 - dB

CL = 5 pF; channel OFF;
Vi=0.5Vpp (p-p)
Vet crosstalk voltage digital inputs to switch; see Figure 20; 10V 50 - mV
RL=10kQ; C = 15 pF;
E or Sn = Vpp (square-wave)

Xtalk crosstalk between switches; see Figure 21; 10V 1 -50 - dB
fi=1MHz; R. =1 kQ;
Vi =0.5Vpp (p-p)

[1] fiis biased at 0.5 Vpp; V| = 0.5Vpp (p-p).

Table 12. Dynamic power dissipation Pp
Pp can be calculated from the formulas shown; Veg = Vgg =0 V: tr=1t:<20ns; Tomp = 25 °C.

Symbol Parameter Vbp Typical formula for Pp (uW) where:
Pp dynamic power 5V Pp =1300 x f; + 2(f, x C.) x Vpp? fi = input frequency in MHz;
dissipation T 'I5'D = 6100><f,+2(f° xCL) xVD bé L1 BNt iddency in Mkiz:
15V Pp = 15600 x f; + Z(fy x C.) x Vpp?2 C_ = output load capacitance in pF;

Vpp = supply voltage in V;
Z(Cy x fp) = sum of the outputs.

11.2.1 Test circuits

Vbp Vbp
l l
S1and S2 S1and S2
Vpp or Vs ——===--- ! Vpp or Vgg ——=-~--- !
] 1
nZ nYn ) X nZ a nYn
E

E
Vss ———j [fEatee .L c Vss ——j b RL .{.

g . LA

/‘J7 007aak638 /'J7 001aak639
Fig 17. Test circuit for measuring total harmonic Fig 18. Test circuit for measuring frequency response
distortion
HEF40528B All information provided in this d 1t is subject to legal disclail ©NXP B.V. 2011. All rights reserved.
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Vop

Vpp or Vss _-§1.a.'.1_d_§g n_YO 1

Vss ——j

~ ) fi

fJ7 001aak657

Fig 19. Test circuit for measuring isolation (OFF-state)

0.5Vpp Vbp

|
S1andS2 nYO| 1

RL

/J7

a. Test circuit

logic e
input (Sn, E)

Vo Vet

<

001a2j908

b. Input and output pulse definitions

Fig 20. Test circuit for measuring crosstalk voltage between digital inputs and switch

HEF4052B

All information provided in this di 1t is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Vbp Vbp

| |
S1and S2 nY0 Vpp or Vss S1and S2 nYO

nZ | = nYn

¥ ___$ Vss = Vgg Vss ? Vss =Vee C) V) H RL
ss RL C) vo | |RL
) [J Qo

147 001aak659 /J7 001aak660

Vpp or Vgg —]

a. Switch closed condition b. Switch open condition

Fig 21. Test circuit for measuring crosstalk between switches

HEF40528 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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12. Package outline

DIP16: plastic dual in-line package; 16 leads (300 mil)

S0T384
D
()]
c
K]
[ |
o T
E | ]
g
Al
1 |
L1, ||
P [¢] J
bq
b b,
[ (25 T W 0 )
pin 1 index l
P
| l
AL LI T LI
1 ’ 8
0 5 10 mm
O VN IO AR O N A, |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A A 1 1 1)
UNIT |, e [t | el B by b, c o™ | EM | o eq L Mg | My w "Z‘ax
1.73 | 0.53 125 | 0.36 | 19.50 | 6.48 3.60 8.25 10.0
Ly el Qiait 4.2 1.30 | 0.38 | 0.85 | 0.23 | 18.55 | 6.20 =581 162 3.05 7.80 8.3 Sizad: | B0
: 0.068 | 0.021 | 0.049 | 0.014 | 0.77 | 0.26 0.14 0.32 | 0.39
inches
DT G2 | 0iS 0.051 | 0.015 | 0.033 | 0.009 | 0.73 | 0.24 01 0.3 0.12 0.31 0.33 e L]
Note
1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included.
INE REFERENCES EUROP
\?:;'S_ION PR%?JECE')IAONN ISSUE DATE
IEC JEDEC JEITA
95-64-14-
SOT38-4 'E @ 03-02-13

Fig 22. Package outline SOT38-4 (DIP18)
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NXP Semiconductors

S016: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
D E b—{A
== %
I % \
: T f T
i, ]
n 7 e
~ L ———
m He : = V@
z
I AABAAE
| T Q
A
H s L XU == I
pin 1 index ! L_L +
| N Lp
1 ' 8 — L
o Sy
p
0 2.5 5 mm
O O il T SN YO VI
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | | At | Az | A3 | by c | DM | EM | ¢ He L Lp Q v w y |z o
0.25 | 1.45 0.49 | 0.25 | 10.0 4.0 6.2 1.0 0.7 0.7
mm 1.75 010 | 1.25 0.25 036 | 019 98 38 1.27 5.8 1.05 0.4 06 0.25 | 0.25 0.1 03 &
. 0.010 | 0.057 0.019|0.0100| 0.39 | 0.16 0.244 0.039 | 0.028 0.028 0°
nehes | 0.069 ) 5004 [ 0.049 | 901 | 0.014 |0.0075| 0.38 | 0.15 | 005 0.228 | %041 0016 | 0.020 | 0-07 | 001 | 0.004 | /)70
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
VERSION PROJECTION | 'SSUE DATE
IEC JEDEC JEITA
994227
SOT109-1 076E07 MS-012 == @ e
Fig 23. Package outline SOT109-1 (SO16)
HEF4052B All inf ion pi in this d is subject to legal disclaimers. © NXP B.V.2011.All rights reserved.
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TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1
D fe—— E———p—{A
s
i = e L
L \
Imimintilnlninl e[ S e
| ™ S,
1Y) A He =[VO[A]
——l Z
16 9
! I
Tak +
| IS/ L\ 1
v S A2 [ s | W
pin 1 index Lo l
Ve | J
. 1 I
l <—Lp—>
: f——— | ——
1 8
detail X
B M Lamanc
0 2.5 5 mm
et Ty | s s |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | S| A1 | Az | A3 | by ¢ | DM| E@| ¢ He L Lp Q v w y zM| ¢
0.15 | 0.95 030 | 02 | 51 | 45 6.6 075 | 0.4 0.40 | 8°
™ 005 | 080 | 9% {019 | 041 | a9 | 43 | 065 6.2 ' los0| 03 | 02 [013] 01 | he 0°
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN {SEUE BRTE
VERSION IEC JEDEC JEITA PROJECTION
SOT403-1 MO-153 == @ e -

Fig 24. Package outline SOT403-1 (TSSOP16

HEF40528
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068R - JUNE 1976 — REVISED JULY 2010

® Wide Supply Range: LM158, LM158A ... JG PACKAGE
— Single Supply ...3Vto 32V LM258, LM258A . . . D, DGK, OR P PACKAGE
(26 V for LM2904) LM358. .. D, DGK, P, PS, OR PW PACKAGE
= LM358A . .. D, DGK, P, OR PW PACKAGE
~ or Dual Supplies ... +1.5 Vto 16 V LM2904 .. . D, DGK, P, PS, OR PW PACKAGE
(=13 V for LM2904) (TOP VIEW)
® Low Supply-Current Drain, Independent of )
Supply Voltage . .. 0.7 mA Typ 10UT [f4 8] Veo
1IN- ] 2 7 [J20uT
® Common-Mode Input Voltage Range
ity 3 1IN+ ] 3 6 [] 2IN-
Includes Ground, Allowing Direct Sensing GND [] 4 5 [ 2N+
Near Ground
® Low Input Bias and Offset Parameters:
— Input Offset Voltage . . . 3 mV Typ LM158, LM‘%‘; VIECVK PACKAGE
A Versions ...2 mV Typ (’_ )
- Input Offset Current. .. 2 nA Typ o2 6 é &
- Input Bias Current. .. 20 nA Typ ZC=2 =z
A Versions ... 15 nA Typ 4 L?I?L;”Z)”T;
® Differential Input Voltage Range Equal to NC [] 4 18 [ NC
Maximum-Rated Supply Voltage ... 32V 1IN-[] 5 17 [J20UT
(26 V for LM2904) NC[] 6 16 [ NC
® Open-Loop Differential Voltage 1IN+ [] 7 15 [] 2IN-
Amplification . . . 100 V/mV Typ Ne e \Y. 4 [Ne
® Internal Frequency Compensation o o e o ]
SN a NORENG)
THRE JF . : Z2zzzz
description/ordering information 0% §

These devices consist of two independent, N2 TH0 reqel amfineftitn

high-gain frequency-compensated operational

amplifiers designed to operate from a single

supply over a wide range of voltages. Operation from split supplies also is possible if the difference between
the two supplies is 3V to 32 V (3 V to 26 V for the LM2904), and Vg is at least 1.5 V more positive than the
input common-mode voltage. The low supply-current drain is independent of the magnitude of the supply
voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily can
provide the required interface electronics without additional +5-V supplies.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

T =
PRODUCTION DATA information is current as of publication date. Copyright © 2010, Texas Instruments Incorporated
Products conform to sgeciﬁ:atinns per the terms of Texas In_s_lrpments i On products compliant to MIL-PRF-38535, all parameters are tested
standard V. Pr I g does not ily include I unless otherwise noted. On all other products, production
testing of all parameters. I EXAS pr ing does not ily include testing of all parameters.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068R - JUNE 1976 — REVISED JULY 2010

ORDERING INFORMATION'

MAX
wo | ] e omenae |
PDIP (P) Tube of 50 | LM358P LM358P
Tubeof 75 | LM358D
SOIC (D) Reel of 2500 | LM358DR LM358
Reel 0f 2500 | LM358DRG3
7mv 30V | SoP (Ps) Reel 0f 2000 | LM358PSR L358
Tube of 150 | LM358PW
TSSOP (PW) Reel of 2000 | LM358PWR L3586
0°C to 70°C Reel of 2000 | LM358PWRG3
MSOP/VSSOP (DGK) | Reel of 2500 | LM358DGKR M5_§
PDIP (P) Tubeof 50 | LM358AP LM358AP
Tube of 75 | LM358AD
P Reel 0f 2500 | LM358ADR Sl
sl ks Tube of 150 | LM358APW
LS, Reel 0f 2000 | LM358APWR eaid
MSOP/VSSOP (DGK) | Reel of 2500 | LM358ADGKR M6_$
PDIP (P) Tubeof50 | LM258P LM258P
Tubeof 75 | LM258D
5mv sov | soic (D) Reel of 2500 | LM258DR LM258
Reel 0f 2500 | LM258DRG3
—25°C to 85°C MSOP/VSSOP (DGK) | Reel of2500 | LM258DGKR M2_8
PDIP (P) Tube of 50 | LM258AP LM258AP
Tubeof 75 | LM258AD
B W LR Reel of 2500 | LM258ADR fln
MSOP/VSSOP (DGK) | Reel of 2500 | LM258ADGKR M3_§
PDIP (P) Tube of 50 | LM2904P LM2904P
Tubeof 75 | LM2904D
SOIC (D) Reel of 2500 LM2904DR LM2904
Reel of 2500 | LM2904DRG3
7mv o6V | SOP (PS) Reel of 2000 | LM2904PSR L2904
Tube of 150 | LM2904PW
—40°C to 125°C TSSOP (PW) Reel of 2000 | LM2904PWR L2904
Reel of 2000 | LM2904PWRG3
MSOP/VSSOP (DGK) | Reelof 2500 | LM2904DGKR MB_$
SOIC (D) Reel of 2500 | LM2904VQDR L2904V
2y 2V [Tssop Pw) Reel of 2000 | LM2904VQPWR L2904V
SOIC (D) Reel of 2500 | LM2904AVQDR L2904AV
2my 2V Tssop pw) Reel 0f 2000 | LM2904AVQPWR L2904AV
CDIP (JG) Tubeof 50 | LM158JG LM158JG
s 0V Meee e Tubeof 55 | LM158FK LM158FK
-55°C to 125°C
e oy | CDPWG) Tube of 50 | LM158AJG LM158AJG
LCcCC (FK) Tubeof 55 | LM158AFK LM158AFK

1 For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the T1 web
site at www.ti.com.
* Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

‘Q’ TexAs
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ot e i
§ The actual top-side marking has one additional character that designates the wafer fab/assembly site.

“5‘ TEXAS
INSTRUMENTS
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symbol (each amplifier)

schematic (each amplifier)

IN+

IN
@ + ouT
IN- p”
[ T —& ? VCC+
=6-pA =6-uA =100-pA
Current Current Current
Regulator Regulator Regulator
ouT

=50-uA }77
Current

Regulator

COMPONENT COUNT
Epi-FET 1
Diodes 2
Resistors 7l

Transistors 51
Capacitors 2

J@ TeEXAS
INSTRUMENTS
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GND (or Vcc_)
To Other Amplifier
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e e P e Pt ]

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

LM158, LM158A
puzse L2 | Laooos | o
LM2904V
Supply voltage, Ve (see Note 1) +16 or 32 +130r26 \"
Differential input voltage, V|p (see Note 2) +32 26 \
Input voltage, V| (either input) -0.3t0 32 -0.3to0 26 \"
o i e i s Unlimited | Uniimited
D package 97 97
DGK package 172 172
Package thermal impedance, 65 (see Notes 4 and 5) P package 85 85 °C/W
PS package 95 95
PW package 149 149
FK package 5.61
Package thermal impedance, 6,c (see Notes 6 and 7) T& peCiago 145 °C/W
LM158, LM158A -55to 125
; ! LM258, LM258A —-25 to 85 i
Operating free-air temperature range, Ta M358, LM356A 01070 C
LM2904 —-40to 125 -40to 125
Operating virtual junction temperature, T, 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Storage temperature range, Tstg —-65to 150 -65to 150 °C

1 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 other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1.

2.
3
4. Maximum power dissipation is a function of T (max), 8,4, and Ta. The maximum allowable power dissipation at any allowable

All voltage values, except differential voltages and V¢ specified for measurement of lgg, are with respect to the network ground
terminal.

Differential voltages are at IN+ with respect to IN-.

Short circuits from outputs to Vg can cause excessive heating and eventual destruction.

ambient temperature is Pp = (Ty(max) - Ta)/64. Operating at the absolute maximum T of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with JESD 51-7.

Maximum power dissipation is a function of T j(max), 8,¢c, and T¢. The maximum allowable power dissipation at any allowable case
temperature is Pp = (T, (max) - Tc)/8,c. Operating at the absolute maximum T of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with MIL-STD-883.

‘4‘ TeExAS
INSTRUMENTS
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==

electrical characteristics at specified free-air temperature, Ve = 5 V (unless otherwise noted)

LM158
LM358
PARAMETER TEST CONDITIONSt Tat LM258 UNIT
MIN TYPS MAX| MIN TYPS MAX
Ve =5V to MAX, 25°C 3 5 3 7
Vio Input offset voltage Vic = Vicr(min), mV
Vo=14V Full range 7 9
Average temperature
ay coefficient of Full range 7 7 1\v/°C
2 input offset voltage
| Input offset t Vo=14V - 2 = & i A
o el s Full range 100 50|
Average temperature
a coefficient of Full range 10 10 pA/°C
o input offset current
| S b . v T 25°C -20 -150 -20 -250 i
I8 Aokl g =i Full range 300 50| "
o . il vcocto 15 VCOCto 15
ommon-mode — e ShlE
Vicr input voltage range Fof=5 Vo MAX D 0to Oto i
ull range Vedk 2 |
RL=2 kQ 25°C Vec-1.5 Ve - 1.5
High-level RL 210 kQ 25°C
VoH \%
output voltage . V- RL=2kQ | Full range 26 26
oL RL>10kQ | Full range 27 28 27 28
Low-level
VoL output voltage RL <10 kQ Full range 5 20 5 20 mV
Large-signal Vec=15YV, 25°C 50 100 25 100
Avp differential Vo=1Vto11V, VimV
voltage amplification | R, =2 kQ Full range 25 15
GMRR. ~ Zommonmogs Vool SR ITNAS, 25°C 70 80 65 80 dB
rejection ratio Vic= VicR(min)
Supply-voltage
KsvR rejection ratio Vee =5V to MAX 25°C 65 100 65 100 dB
(AVpp/AVi0)
Voi/Vo2  Crosstalk attenuation | f=1 kHz to 20 kHz 25°C 120 120 dB
Vec=15Y, 25°C -20 -30 -20 -30
Vp=1V, Source
Vo=0 Full range -10 -10
lo Output current mA
Vec=15Y, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
lo Output current Vip=-1V, Vg =200 mV 25°C 12 30 12 30 A
Short-circuit Vecat5V,GND at-5V, »
los eBH At Veod 25°C 40  +60 40  +60| mA
it ; Vo =25V, No load Full range 0.7 1.2 0.7 1.2
upply curren — =
lcc (two amplifiers) xgch;gAAx’ Yo Qo8 Full range 1 2 1 2 e

1 All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Ve for
testing purposes is 26 V for the LM2904 and 30 V for others.

* Full range is —55°C to 125°C for LM158, ~25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904.

§ All typical values are at Ty = 25°C.
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T

electrical characteristics at specified free-air temperature, Vo = 5 V (unless otherwise noted)

LM2904
PARAMETER TEST CONDITIONSt Ta# UNIT
MIN TYPS MAX
) 25°C 3 7
Voo =5V to MAX, | Non-A devices Eiliands o
Vio Input offset voltage Vic = VicR(min)» = mv
Vo=1.4V S =i L G
0 A-suffix devices
Full range 4
Average temperature coefficient
a 0,
Vio of input offset voltage sl T o LU
N 25°C 2 50
| = S on-veevice. Fullrange w|
t t t =115
10 nput offset curren fo) T 250 > 0 n
B R Full range 150
Average temperature coefficient
a ]
o of input offset current Full rnge g RAIES
I : o N, 25°C -20 —-250
t bi t = A
B nput bias curren e} FullTapte —500 n
C de input volt e Vcocto 1.5
ommon-mode input voltage ¥ = 1
Vicr range Vee =5V to MAX i 0to \Y
ull range VA2
RL =10 kQ 25°C Vee-1.5
Vee = MAX, R =2kQ Full range 22
Vo High-leve! output voltage Non-V device R > 10 kQ Full range 23 24 v
Vee = MAX, RL=2kQ Full range 26
V-suffix device Ry =10 kQ Full range 27 28
VoL Low-level output voltage RL <10 kQ Full range 5 20 mV
Large-signal differential Vec=15V, Vog=1Vio 11V, 25°C 25 100
Avp ne. V/mV
voltage amplification R =22 kQ Full range 15
e : Ve =5V to MAX, | Non-V device 25°C 50 80
CMRR - e rejection rat dB
Sk Vic = Vicamin) V-suffix device |  25°C 65 80
Supply-voltage reject<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>