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ELECTROCARDIOGRAM ON PC MONITOR
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ABSTRACT

This project concerns about the design and construction of Electrocardiogram (ECG)
monitoring system. The system detects the Electrocardiogram (ECG), and perform is before
display it with PC Monitor . Electrocardiogram (ECG) uses the Programmable System On Chip
(PSoC) Microcontroller. The system can be further developed to be a more sophisticated system

in the future.
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2.3.2 Digital System
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i ' DIGITAL SYSTEM
1 ‘Digtsl PSoC Biock Aumy:: fety': .

rmm‘@ﬁgi I '

3 8

F-u‘l

gﬂﬁ 2. 5 Digital System

2.3.3 Analog System
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Y STERR BUS
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ANALOG SYSTEM I
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“ Nota that tha CYBCTIM23 1 3 v et 2 coturnn funchionality,

- - o

;ﬂﬁ 2.6 Analog System

2.3. 4 System Resources
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1) Digital Clock F15UAILAUNITMISANMA Teyaauin

2) Multiply Accumulate (MAC)
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6) Internal Voltage Reference #1591 1989molu ansadwualdauduausediu
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Eﬂﬁ 2.7 System Resources
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Pin Name Description Input/Qutput
SMP Switch Mode Pump Power
Vdd Supply Voltage Power
Vss Ground Power

XRES External Reset {Active High) Input
Po[0]-PO[1] Port 0[0],0[1], Analog Input Input/QOutput
PO[2]-PO[5] Port 0[2],0£3],0[4],0[5], Analog Input/Qutput Input/Output
PO[6]-PO[7] Port 0[6],0[7], Analog Input Input/Qutput

P1[0] Port 1[0], XTAL Ou/SDATA/ I'C SDA Input/Output

PI[1] Port 1[1],XTAL In/SCLK/T'C SCL Input/Output

P1[2] Port 1{2] Input/Qutput

P1[3] Port 1[3] Input/Output

P1[4] Port 1[4],EXTCLK Input/Qutput

P1[5] Port 1[5), I'C SDA Input/Output

P1[6] Port 1[6] Input/Qutput

P1[7] Port 1[7], I'C SCL Input/Cutput
P2[0]-P2[3] Port2[0],2[11.2[2],2{3],Nen-Multiplexed Analog Input Input/Cutput

P2[4] Port2[4],External AGND Input/Output

P2[5] Port2[5] Input/Qutput

P2[6] Port2|6] External VREF Input/Output

P2[7] Port2[7] Input/Output
P3[0]-P3[7] Port3[01,3[11,3[2],3[31,3[41,3[5),3{61,3[7] Input/Qutput
P4[0]-P4[7] Port4[0],4]1],4[2],4[3],4[4],4[5),4{6],4[7] Input/Qutput
P5[0]-P5[3) Port5[0],[1],5[2],5[3] Input/Output

a1319f 2.1 nmrededuiiunisfvuendyenennasgiuues PSoC

¢ o ¢ @ Y ) ¢ ey
anTﬂiﬂﬂuIﬂﬁﬂlﬁai‘ﬂﬁluﬂﬁlﬂﬂllazlﬂﬂiﬁlﬂﬂJuuWN"IUﬂ?TﬂJ"J’] ‘1.I1<1L‘1JE1'5'EJ1%$[1113J

ndyyrvuvilingegluaisisii

2.3.6 1IN UHATYANAUUIN A (Oscillator)
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mslyanld 2 dnuuzde




25

1) Crystal Oscillator 32 KHz: (un3aneaviiafvadudui l9sudwuninmie RTC
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luTasnoulnsames plo], P[i] Uszneusuanhdmesvinaiouendn 2 dadegalfi 2.8

31/% 2.8 A998 Crystal Oscillator 32 KHz W11 PSoC

2) Oscillator Module: 11y Tugafuiianymdausoinan1éinaud 1MHz-24MHz
Taaorunise pl4] dwaaslngili 2.9 Tulnseeulnsameszldnrwdidewdminn
H i = B .4; o = J o D’I’
meuenil dunnuddedalumahaouumunadiduiedunnmely faiuanuy
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Weans woaa1n11ud Tum s i uasadUA 1YL Oscillator Module W11B4
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i‘ﬂﬁ 2.9 Oscillator Module

2.3.7 M331wA ( RESET)
ydyanesravesluInsaeuTnsamas PSoC w3091 XRES v:iioglu
o 1 Vo & 1 o dy P -9 -
Ao Insalmeinnid sndugunduue 8 v1 deeg liflndyanai msSwavziiaduldde
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v

}

514 2.10 MsapuwaAy PSoC

2.3.8 mslilsunsudeyansgiwlulnsasuInsa@es (In-Circuit Program Interface)
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mi IdsunsudeyansgdnluinsreuInsames PSoC aunsasasiunmsTilsunsy
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o d . .
3.2 AuveINvTBHEANMATULeN A 11083 (Instrumentation Amplifier)
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2. i1 CMRR (Common Mode Rejection Ratio) i1 CMRR Lfluﬂmﬂuﬁﬁﬂdwﬁﬁwm
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v 2 g & v 4
pon lildniuvedesld99snsoannudR Uy Noteh Filter Favzooylridgynnunnudga
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uazAMUd@INT soHz e lld doudyanasuniu soHz vzgnifaeanTlilavsueasds
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1U# 3.4 29930509 MBA W T WRWIZY9 (Noteh Filter)

3.4 AU09299315unssdueeiwn (DC Offset Adjustment Circuif)
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317 3.5 2993UTvus AU DB IR (DC Offset Adjustment Circuit)
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3.6 anvedlulasneulnsamesd PSeC (PSoC Microcontroller)
[ ¥
melulnssaFsveslulnsnonuInsamed pSoc Nl4luTnssnuiidsznoulddle

PGA User Module, ADC(8Bit) User Module, LPF(2 Order) User Module Iaeusiag User Module

[

- 3 d' ] o = Q4 ci.v
Inihiuazvdnmsuanaaiuesue ladatl

3.6.1. PGA(Programmable Gain Amplifier) User Module
b
PGA User Module 15un1asvenenu Non-Inverting 11590 1MUANT Gain e
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Input
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Rb Bus Out
CT_BLOCK Ra I AnalegBus
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Vss .
SC_BLOCK ]
Refererce
PGA Block Diagram

317 3.9 PGA Block Diagram

W153Ne§U8 PGA User Module
Input
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PGA_SetGain
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3.6.2, 8Bit Delta Sigma ADC User Module
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Data Clock
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311 3.10 DELSIGS Block Diagram
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8-Bit Delta Sigma ADC User Module 1iu ADC vina 8iin Taoioiynitoz 14eg 1y
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3.6.3 LPF User Module (Second Order)
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3.6.4 UART User Module
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4.2 M3n583a1N0MH1UIRE1Y LPF User Module (2 Order)
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& ar wr a 0 n,: ro
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rFilter Parameters —————— —
Feorner (Hz): fiooe Filter Type: |Buterworth =

Fsample (f‘:%z): fra000_
| Galn (d"B): [0.00

e - - -

~Calculated Values—
,  Damping Ratic { 414
Caleulated ¢ 1.445! Low Pass Frequency Response
T Scaled O 100
l Gain (W) i
' Calc Gain 1
(cL/cay
ci: i .
ca: 1 =
C3: 2 3
C4. 31
CA: 32
CB: 32
Divide by n: 429 C
A . o e ———
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(Hz): S6000
Qversample
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S .
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(damping ratio) s 185 In&1fea uA d (damping ratio) NeIneu Inamesald
3 v W

duiusnihmstlouduyn Tavldnnudidaud 20 Hz- 260 Hz u59AuduwnM 0.2V tazs1un

a I's A e o o (Y] = A o =

usnuemymesnuudorinnmdsanieziuldhdygralfosunlamTedmeoni

AmdUszN 100 Hz niofilimsaanaudyaia -3 dB Tavasavaouldningins v
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f (Hz) Vout (V) Yo/Vin Av (dB)
20 0.2 1 0
40 0.2 1 0
60 0.2 1 0
80 0.19 0.95 -0.445
100 0.14 0.75 -3.09
120 0.12 0.6 -4.43
140 0.1 0.5 -6.02
160 0.09 0.45 -6.93
180 0.08 0.4 -7.95
200 0.07 0.35 -9.11
220 0.06 0.3 -10.45
240 0.06 0.3 -10.45
260 0.04 0.2 -13.97
f
1 (Hz)
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o= S0 Hz
AR F (Ho) HIWUBINYN(Vo) Vo/V, Av(dB)
5 0.95 -0.44
10 0.95 -0.44
15 0.95 -0.44
20 0.95 -0.44
25 0.95 -0.44
30 0.95 -0.44
35 0.95 -0.44
40 0.9 -0.91
45 0.8 -1.93
50 0.5 -6.02
55 0.7 -3.09
60 0.9 091
65 0.95 -0.44
70 0.95 -0.44
75 0.96 -0.35
80 0.95 -0.44
85 0.96 -0.35
90 0.95 -0.44
95 0.96 -0.35
100 0.95 -0.44
105 0.96 -0.35
110 0.96 -0.35
115 0.95 -0.44
120 0.95 -0.44
125 0.95 -0.44
130 0.95 -0.44
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Por 2 2 P22]  StdCPU [RighZ
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MIMHUANISTADS Global Resources
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V1= SysCh/N 4 '
VE2= VCUN 1 T
VC3 Source SysClkA ‘
VE3 Divider 1 i
5 _-:J.sl:lk Source Internal 24_MHz ‘
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Analog Power SC On/Ref Low
Ref Mux (Vdd/ 2 -V dd/2)
AG ndBypass Disable . el
0 B-Amp Bias Low o .
A_Buff_Power Low
SwilchM odePurnp OFF
[ TinValtace L A/D (SMBYL 4 813/ (7 (M)

4 o = o
7U7 4.11 M3fmuan15nos Global Resources
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14 3
15 uAoN 1% Clock fim VC1=8MHz #9115 1811150811 61 Sampling Rate 1AfaTi
Sampling Rate = 8MHz/256

=31.25 ksps

me Port J Select ' Diive Jf:='l"r{iérfUpt i;
¢| Port 0.0 PO[0]  StdCPU  Stong . Disablelnt i
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4.4.3 vominanesmanlasdyanaendeniudyanaidnen

usadu Vin funvy 2 714 ANBYFIY 10
0.0 00000000 0
0.2 00000000 0
0.4 00000000 0
0.6 00000000 0
0.8 00000000 0
1.0 00000000 0
1.2 00000000 0
1.4 00001000 8
1.6 00100000 32
1.8 001106100 52
2.0 01000000 64
22 01011000 88
2.4 01100000 96
2.6 01110000 112
2.8 10001000 136
3.0 10101100 172
32 10111000 184
3.4 11001100 204
3.6 11100000 224
3.8 11110100 244
40 1111111 255
42 111111 255
4.4 L 255
46 i 255
48 1111 255
5.0 11111111 255

d o o LY ao
M358 4.1 namsnaassmsulaedygseundeniludyyusinea
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4.4.4 agtluaminaaes
maulasdygraeundendiudyguainealas ADC Delta Sigma n1oly
TuTnsnauTnsaiaed psoc aunsavihlildnamsnanssfivimels Tau14luga DELSIGS
HuTugamlasdyanuemdendudyyiaisaoavina 8 i
a1 Sampling Rate = 8MHz/256
=31.25 ksps

deyaitldvuiludygruainoafiiiu 2” Complement fidogluzas +127 1 -128 157

U
]

doahai ldauihmsudasddilluuay 1 Complement Tasnsinlauilu 0-255 d1ums
vanAlea 128 i It 18t Complement 1d2aad 1% 181 uamswan LED duilu o

LED t2@in 91ifu 1 LED véunifeennis1@ei11 Common Anode #a31it 4.14 e1umuas
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unii 5
4 3
psdomsteyanuueynIH
o o v o9 3 A & 1

szuuneuiumesansodsdeya ldaesgluvufenunuui (Parallel) Fevzds
¥ = ¥ w . £ 4 1 = [l
Joyanniiaoen iwiouduuazimneynsy (Serial) ¥evzdsloynoonliliazia msda
3 dy [ o A ] o T
Joyauvuuumutozdesldmolumsdedeoyadmauninda iivngdunsdeszeslna
Tavnnndaes [deszoz1ng daumsdedoyaszerlng q adsldmsdideyauuvoyniuTay
szfavoyaven lifiazia
5.1 HUgWMsToaIseyn Iy
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UART (Universal Asynchronous Receiver Transmitter) L‘ﬂ‘uﬁ K] 1l 5.1

Parallel wanster
seriad trenster
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Swwder  p———9{ RoO0IVCT ] Dy »
B\ By
5 R 3u
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5.2 gluwumsdemsdeya

: i v oo o 1 0’: ) s a d
msTomsdeyasznitdifunazdrdniuivawss dmnnddaimihideedg

= o Y A 1 ] =] ! g )
memm.,,mimflmummamammﬁuﬂmmsﬁ’ﬂmmunmmwﬁncf(Simplex) d1mIndasy

- 1 as [ ' o v a ' 4
uazmdaansoTuuazadeyn lduam lunaanduSenhnisdomsuny g1aveunane

s v

(half duplex) uadmindasuuazdrdsannsosudadeya ldaosimmelunaniorsusenia

u

]
o

msftemsuuugagmand (full duplex) ifudagudi 5.2

Simplex # Ty
il ~ o Tu
z e\ A
Hall duplex s o
ha
fu e
L] - kil
Full duplex
u - g

gﬂ'ﬁ 5.2013 %’nda‘ﬁ'ﬂgmmn Simplex , Half duplex!iaig Full duplex

dwsuTs lumsdedeyauvveynsud 2 3Romsdeuuudndasnaziani(synchronous)
uazmsd ey TS anazinan (asynchronous) Tasmsdanuudndanaznatezdesiinisds
Faymauninsawlddnienuqums sudadeyn uanssudedoyauuy lidhfmaznm
hidpsiiudezldmsfmuasnsgalumssuddeyaldimihduiGond Baud rate Fafi
ﬁﬁ}ULﬁuﬁﬂﬁﬂauTﬁ (bit per second : bps)
5.3 M3fnae PSoC i RS-232

dmdums FemsuvvoynsuiunuuAsynchomousmadaurazssuszisznonlal
$20 Start bit, actual data, parity bit A stop bit #28814%4 193a 01101001 (69h) 395
910 start bit AUAWYOYD 8 finTavazisudaedndiga (LSB) fouaunsy 8 Tanudae parity

bit (Tin3 o liflA 14) wazllavhedan stop bit Aagald 5.3
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;‘1— data —p

LSB Stop Bit

ANANAY A

¢ CC ¢ (Oort

‘ K
MSB
Start Bit Parity Bit

710 5.3 dyaalumsfAensuuAsynchomous

msdsdeya dudwazdudy sxdeahnudiodasdsdoyasioduni (Bard Rate) 7
wdy Asuedhesdealdnannuwilsidada sz daos1a0v §us119 baud rate
9600 bps Musvezsmdeyaindaliyng 19600 Turd rdeuniidewn parity bit (Ja
asaveey) Ausueeld parity bit i mnﬁa‘ud1ﬂ’1’ﬂy,aﬁ§'un1f‘:gnﬁaw?ﬂ‘lﬁ Taoms
asvdeudwauay 1 Aiftudeya 1 byte Aidan qafo Ao stop bit &g hisudeya

iWhwsundnezdl start bit voadioya byte sie 'l lnai

d
5.4 WINIFIHNBINOYNINUVY RS- 232
ATIHMSIFaNABILLBYNSY RS-232 iTuumsgiugammnssufivonuuuu e
13
¥ lunsdedoyasynsuuuesdsTade 2 firm1e Tasunsgiu Rs-232 Tuedmiugn
Al ot 9t = o o ol n = A - o_ ¥
ponuuLNuNaMsdwrudoyaninaouianes ld Tuduifiviodiauier inefiziiidoys
a 24 v o o - St 4 & ' >
vinTuduil deensiwaisInsdwd lldneufinmoiongantisduegalnadu Tay
AULNITUMINGE N A AUYAA NI SUDANNIBTINT (Electronic Industries Association :
et A w e ' of 4
E1A) 1dnanaspunfifeiondudi B1A RS—232 uiasg il lugawsnes ldnauinmes
1 »
{uuwy DB-25 Tauivuanwgegauesavdyann 13 50 o Bsedudyaadau -3
t9 -12 V ugasiiidoya (Mark) wog +3 89 +12 v uaasiniugesiianmsgu rs-232 18

o o A 1 . .
Amuagluuuvesginseiiyeunodoya (Data Terminal Equipment : DTE)
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5.5 MstennefunaineynINYeINBNNINDS

o = 3 5 o e
mﬂ%’amwaiﬂaummmﬂﬂnmmm"mmsgm RS-232 Hu&ﬁﬂ\iﬂﬁﬂigﬂﬂﬂmm’]m

o o o 3 3 o @ o
UYBINDINBYNTY RS-232 Hseauussaudiaue +3 v H1 +12 v luvazhsedvdyga

E
9 [

o el g " ar a’
TuTasnouInsames PSoC sgnseay TTL daiulusounonulaonseld S9deee dunis

a

WewreA IC MAX-232 imthilumsulassedudaana vinszen TTL lilifuszduues

k.

RrS-232 e Wensaniw Toudeyadaiula

5.6 NOUITINNDITIHIUNES RS-232 unznisiionne
& ' 'Y ] o o 9 A o g
UIATFIUMITFONABLULY RS-232 v¢ 1dnouidlnino sy DB-25 @af ¥3e DB-9 427
=2 o P a ' 3 a P ! w ] o
FINDUIL NN DT UV DB-25 vzl do 1Fnuiites 9 iduswaedfuaousinme sy DB-9

diosninuioug e ldanlueda degindins g livinin Ssgnondnlil Tasuaads

31l91 5.4
1 2 3 4§
0\ "';-_‘ 'y :n“i Ol
6 708
0 ety res o sveiuin DR-9 user e wioms fured)
12345678 91011213
O%’o ’u' [ In “u ' |°1| '1 "l "u"n 'n'?O
MBE GBIV N 22 2425
0 mnlossfayrme 20 wriman s es weveninnkwasfased
51U 5.4 UAAIRWMUIIVBY Serial Port LUV DB-9 111 DB-25
aouiinaes DB-9  |aowiiin@es DB-25 Fovpaaudanna | silavosmodeyeia
1 8 Data Carrier Detect : DCD Smgﬂ
2 3 Received Data :RxD ﬁu‘vgﬁ
3 2 Transmitted Data : TxD L’EJ’WGI’Wgﬂ
4 20 Data Terminal Ready : DTR (1A
5 7 Signal Ground : GND -
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76 6 Data Set Ready : DSR 814?1(51
7 4 Request To Send : RTS 1R A
8 5 Clear To Sent : CTS 51!"!!9’1
9 22 Ring Indicator : RI 3111/!6!

o o ¢ & >
fnﬁTlﬂqn‘llENﬂﬂuluﬂlﬁa'ﬁﬂﬂiﬁﬂuﬂinﬂ‘]ﬂﬂ‘]ﬂiﬂ-lu RS8-232 Vi4itu DB-9 uag bB-25
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#include <m8c.h> // part specific constants and macros
#include "PSoCAPLh"  // PSoC API definitions for all User Modules

void delay2us(unsigned int d)

unsigned int t;
for(t=0;t<=16*d;t++)
{
asm("nop!!);
asm("nop");

}

void main()

{

unsigned char RxHighByte, RxLowByte,SR,MyData;
unsigned int SampleNumMax,SampleNum,;
char SamplingData;

MS8C_EnableGlnt;

PGA_1_Start(3);

DELSIGS8 1 Start(DELSIG8 1 HIGHPOWER);
DELSIG8_1_StartAD();

My UART 1_Start(UART PARITY NONE);
LPF2 1 Start(LPF2_1 HIGHPOWER);

while(1)
{
while(!(My_UART 1 bReadRxStatus()&UART RX COMPLETE)}),
RxLowByte=My UART 1 _bReadRxData();
while(!(My_UART 1 bReadRxStatus)&UART RX COMPLETE));
RxHighByte=My_ UART 1 bReadRxData();
while(!(My _UART 1 bReadRxStatus)&UART_RX COMPLETE));
SR=My UART 1 bReadRxData();

SampleNumMax=RxHighByte*256+RxLowByte;

SampleNum=0;
while(SampleNum<=SampleNumMax)

{
iffDELSIG8_1_fIsDataAvailable())

{
SamplingData=DELSIG8_1_cGetDataClearFlag();

if(SamplingData<=128) MyData=SamplingData+127,
else MyData=SamplingData-127;
My UART 1_SendData(MyData),

while(!(My UART_1_bReadTxStatus)&UART TX COMPLETE));



if(SR!=0} delay2us(SR);
SampleNum-++;




BURR - BROWNG®

MicroPOWER INSTRUMENTATION AMPLIFIER
Single and Dual Versions

FEATURES

® LOW QUIESCENT CURRENT: 175A/chan.
® WIDE SUPPLY RANGE: +1.35V to +18V

® LOW OFFSET VOLTAGE: 2501V max

® LOW OFFSET DRIFT: 3uV/°C max

® LOW NOISE: 35nViVHZ

@ LOW INPUT BIAS CURRENT: 25nA max

@ 3-PIN DIP, SO-8, MSOP-8 SURFACE- MOUNT
DUAL: 16-Pin DIP, SO-16, SSOP-16

APPLICATIONS

® INDUSTRIAL SENSOR AMPLIFIER:
Bridge, RTD, Thermocouple

@ PHYSIOLOGICAL AMPLIFIER:
ECG, EEG, EMG

® MULTI-CHANNEL DATA ACQUISITICN
® PORTAELE, BATTERY OPERATED SYSTEMS

V+

TT

INA126
3
v +
INO— & /) )
8 ——C Vo= (V- Vil G
40i62 Ga5+ ‘-‘Rﬂ‘
G
10k
% Rs
10kQ2
1
Vi o 2 +
40k
5
IS B
V=

Internattonal Alrport Industrial Park « Malllng Address: PO Box 11440, Tucapn, AZ 85734 » Strast Addrass: 6730 5. Tucson Bivd., Tucson, AZ 85706 + Tel: (320) 745-1141 + Twn 910-952-1111
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INA126
INA2126

DESCRIPTION

The INAI26 and INA2126 are precision instrumentation
amplifiers for accurate, low noise differential signal acquisi-
tion. Their two-op-amp design provides excellent perfor-
mance with very low quiescent current (175uA/chan.). This,
combined with wide operating voltage range of £1.35V to
118V, makes them ideal for portable instrumentation and data
acquisition systems.
Gain can be set from 5V/V to 10000V/V with a single
external resistor, Laser trimmed input circuitry provides
low offset voltage (2504V max), low offset voltage drift
(UVEC max) and excellont common-mode rejection.
Single version package options include 8-pin plastic DIP,
$0-8 surface mount, and finc-pitch MSOP-8 surface-mount.
Dual version is available in the space-saving SSOP-16 fine-
pitch surface mount, SG-16, and 16-pin DIP. All are speci-
fied for the —40°C te +85°C industrial temperature range,
V+

INAZ126 | 9
Vino s + s .
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7 40KkQ 7 _ 80k
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SPECIFICATIONS

AL T, = +25°C, Vg = 215V, R = 25KQ, untess otherwise noted.

INAT26P, U, E INAT26PA, UA, EA
INA2126P, U, E INA2126PA, UA, EA
PARAMETER CONDITiIONS MIN TYP MAX MIN TYP MAX UNITS
INFUT
Offset Voltage, RT! +100 +25¢ 1150 1500 uv
vs Temperature 0.5 13 * 15 wvre
vs Power Supply (PSRR) Vg = £1.35V to 318V 5 15 * 50 uvy
Input impedance 107 4 * Q| pF
Safe Input Voltage Rg =0 (V)05 (V+r+0.5 ¥ * v
Rg = 1kQ2 (V=10 (V++10 * * v
Common-Mode Voltage Range Vg = OV +11.25 1.5 * * v
Channel Separation (dual) G=35 de 130 dB
Common-Mode Rejection Rg = 0, Vg = £11.25V 83 94 74 a0 dB
INA2126U (dual SO-16) 80 94 dB
INPUT BIAS CURRENT =10 =25 #* -50 na
vs Temperature +30 * sAPC
Cffset Current 0.5 +2 * 5 nA
vs Temperature +10 * pASC
GAIN G =510 10k * vV
Gain Equation G =5+ 80Kk(V/R * ViV
Gain Error Vo =214V, G5 =5 +0.02 6.1 * 1(.18 %
vs Temperature G=5 +2 £10 * * ppmi*C
Gain Error Vo = £12V, G = 100 0.2 10.5 * £ %
vs Temperature G =100 +25 +100 ¥ * ppm/<C
Nonlinearity G =100, V5 = £14V +0.002 $0.012 * * %
NOISE
Voltage Moise. f = 1xHz as ¥* nvivHz
f = 100Kz 35 * nVAHZ
f= 10Hz 45 * nviHz
3 = 0.1Hz to 10HZz 0.7 * uvVp-p
Current Neise, f = 1kHz 60 * faHz
fg = 0.1Hz to 10Hz 2 ¥ pAS-p
QUTPUT
Valtags, Positive R, = 25k (V+}-68 | (Vv+)}0.75 * * v
Negative R, = 25k (V=)+0.85} (V-)+0.8 * * s
Short-Circuit Surrent Short-Circuit to Ground +10/~5 * mA
Capacitive Lead Drive 1000 * pF
FREQUENCY RESPONSE
Bandwidth, -3dB G=5 200 * kHz
G =100 a * KHz
G = 500 1.8 * ktiz
Slew Rate Vo=210V. G =5 o4 * Vius
Setiling Time, 0.01% 10V Step, G =5 30 * us
18V Step, G = 100 160 * us
16V Step. G = 500 1500 * us
Overload Recovery 50% Input Cvertcad 4 * us
POWER SUPPLY
Voltage Range +1.35 +15 £18 * * * v
Current {per channel) Irb=0 +175 +200 * * pA
TEMPERATURE RANGE
Specification Range —40 +85 ¥ * C
Operation Rangs -55 +125 * * °C
Storage Range —55 +125 ¥* * G
Thermal Resistance, 6),
8-Pin DIP 00 * chv
$0-8 Surface-Mount 150 ¥* “CW
MSOP-8 Surface-Mount 200 * *CIw
18-Pin DIP {dual) 80 * *Ciw
50-16 (dual) 100 * °CrwW
SS0OP-18 {dual) 100 * *Chw

¥* Specification same as INAZ6P, INA126U, INA126E; INA2126P, INA2126U, INA2126E.

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

BURR - EROWN®

INA126, INA2126 2




PIN CONFIGURATION (Single)

ABSOLUTE MAXIMUM RATINGS!

Top View 8-Pin DIP, S0-8, MSOP-8

[]° [¢]re
2] 7]
Vi E E‘ Vo
E E Ref

PIN CONFIGURATION (Dual}

Top View 16-Pin DIP, 50-16, SSOP-16

Power Supply Veltage, V+ to V-, SRR |- 1%
input Signal Voliage!? ..., (V=0T to (V0T
input Signal Currentl? ... 10mA
Output Short Cireuit ........ ontinuous

QOperating Temperature -55°C to +125°C
Storags Temparature...... wee —55°C o +125°C
Lead Temperature {soldering, 108) ......ccccoomrienernnnreesesareeneennns #300°C

NQTES: (1) Siresses above these ratings may cause permanent damage.
(2) Input signal voltage is limited by internal diodes connected to power
supplies. See text.

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with ap-

Vi | 1 18| Vo propriate precautions. Failure to observe proper handling and
e o] 1. .. installation procedures can cause damage.
Vi | 2 15 | Vg
f 31 m Rs ESD damage can range from subtle performance degradation
AL 1" to complete device failure. Precision integrated circuits may
Raa | 4 13| Rea be more susceptible to damage because very small parametric
Ref, | 5 12| Ref, changes could cause the device not to meet its published
= 1 specifications,
Vou | 6 11| Vg
Sensa, | 7 10 [ Sensey
V-8 9 | v+
PACKAGE INFORMATION
PACKAGE DRAWING TRANSPORT
PRODUCT PACKAGE NUMBER() PACKAGE MARKING | ORDERING NUMBER MEDIA
Single
INA126PA 8-Pin DIP 006 INAT26PA INA126PA Rails
INAT26P g-Pin DIP 006 INA126P INA126P Rails
INA126UA SO-8 182 INA126UA INA126UA Rails or Reel
INAT26U SO-8 182 INA126U INA126U Rails or Reel
INAT2ZEEAR MSOP-8 337 A28 INA1Z6EA-250 Reel Only
" . 3 g INAT26EA-2500 .
INAT26E MSOP-8 337 A26E) INA126E-250 Reel Only
) . ) * INA126E-2500 -
Dual
INA2126PA 16-Pin DIP 180 INA2126PA INA2126PA Rails
INA2126P 16-Pin DIP 180 INAZ126P INAZ126P Rails
INAZ128UA 8016 265 INA2128UA INAZ126UA Rails
INAZ126U 50-16 265 INAZ126U INAZ126U Rails
INA2126EA() $SOP-16 322 INA2126EA INAZ326EA-250 Reel Only
- . " . INAZ126EA-2500 "
INAZ 126ER) SSOP-16 322 INAZ126E INAZ126E-250 Resl Only
- - . . INA2126E-2500 "

NQTES: (1} For detailed drawing and dimension table, see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) MSOP-8 and SSOP-16 packages are

available only or 250 or 2500 piece reels. {3) Grade designation is marked on reel.
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TYPICAL PERFORMANCE CURVES

At Ty = +25°C and Vg = 215V, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (conT)

At Tp = +25°C and Vg = 215V, unless otherwise nated.

INPUT-REFERRED NOISE vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

At T = +25°C and Vg = +15V, unless otherwise noted.
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA126. Applications with noisy or high impedance
power supplies may require decoupling capacitors 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 ensure good common-mode rejection, A resis-
tance of 8$ in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR.

Dual versions (INA2126) have {ecdback sense connections,
Sense, and Senscg. These must be connected to their respec-
tive output terminals for proper operation. The sense con-
nection can be uscd to sense the output voltage directly at the
load for best accuracy.

SETTING THE GAIN
Gain is set by connecting an €xternal resistor, Rg, as shown:

80kQ )
G

G=5+

Commaonly used gains and Rg resistor values are shown in
Figure 1.

The 80kCY term in cquation ] comes from the internal metal film
resistors which are laser tnmmed to accurate absolute values.
The accuracy and temperature coefficient of these resistors are
included in the gain accuracy and drift specifications.

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
tnake wiring resistance important. Sockets add to the witing
resistance, which will contribute additional gain error in
gains of approximately 100 or greater.

OFFSET TRIMMING

The INA126 and INA2126 are laser trimmed for low offset
voltage and offset voltage drift. Most applications require no
external offset adjustment. Figure 2 shows an optional cir-
cuit for trimming the output offset voltage. The voltage
applicd to the Ref terminal is added to the cutput signal. An
op amp buffer is used to provide low impedance at the Ref
terminal to prescrve good common-meode rejection.

V+

100pA
1/2 REF200

+10mV
Adjustment Range

100pA

# Dual version has 12 REF200

extornal sense connection,

FIGURE 2. Optional Trimuming of Qutput Offset Voltage,

DESIRED GAIN | Rg | NEAREST 1%
V) )} Rg VALUE
5 NG NG
10 16k 15.8k
20 5333 5360
50 1779 1780
100 B4z 845
200 410 412
500 162 162
1000 80.4 80.6
2000 a0.1 402
5000 16.0 158
10000 8.0 7.87

NC: No Connecilon,

Alsa drawn in simplified fotm:

INA126

W
0.1yF
Pin numbers are
for single version
7 =
INA1ZE
+ 3
Vino— + 6
Ay _c ., B0k
8 1 G=6+ Re
40k -
Y Yo=(i-VRd6
10k0 .
SR W —
10k Load Vo
! Ay =
Vino— +
2 40k02 5
) Raf
4
0.1pF
e -

* Dual versign has
axternal sensa connection.

FIGURE 1. Basic Connections.

BURR - BROWNY
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INPUT BIAS CURRENT RETURN

The input impedance of the INA126/2126 is extrenicly
high-—approximately 10°Q2. However, a path must be pro-
vided for the input bias cwrent of both inputs. This input
bias cumrent is typically -10nA (current flows out of the
input terminals). High input impedance means that this input
bias current changes very little with varying input voltage.

Input circuitry must provide a path for this input bias current
for proper operation. Figure 3 shows various provisions for
an input bias current path. Without a bias current path, the
inputs will float to a potential which exceeds the common-
mode range and the input amplificrs will saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple example in Figure 3), With higher source imnpedance,
using two equal resistors provides a balanced input with
advantages of lower input offset voltage due to bias current
and better high-frequency common-mode rejection.

Microphene,
Hydrophone
ate.

-
47k

INA126

NA126

Thammacouple %

10k(1

s

Center-tap provides
bias current return.

FIGURE 3. Providing an Input Common-Mode Current Path,

INPUT COMMON-MODE RANGE

The input common-mode range of the INA126/2126 is
shown in typical performance curves. The conunon-mode
range is limited on the negative side by the output voltage
swing of A,, an internal circuit nede that cannot be measured
on an external pin. The output voltage of A, can be ex-
pressed as:

Va2 =125 Viy = (Vi = Vi) (0kQ/R ) 2
{Voltages referred to Ref terminal, pin 5)

BURR - BROWN®

INA126, INA2126

The internal op amp A, is identical to A; and its output
swing is limited to typically 0.7V from the supply rails.
When the input common-mode range is exceeded (A,’s
output is saturated}, A, can still be in linear operation and
respond to changes in the non-inverting input voltage. The
output voltage, however, will be invalid.

LOW VOLTAGE OPERATION

The INA126/2126 can be operated on power supplies as low
as £1.35V. Performance remains excellent with power sup-
plies ranging from +1.35V to +18V. Most parameters vary
only slightly throughout this supply voltage range—see
typical performance curves. Operation at very low supply
voltage requires careful attention to ensure that the common-
mode veltage remains within its linear range. See “Input
Common-Mode Voltage Range.”

The INA126/2126 can be operated from a single power
supply with careful afiention to input common-mode range,
output voltage swing of both op amps and the voltage
applied to the Ref terminal. Figure 4 shows a bridge ampli-
fier circuit operated from a single +5V power supply. The
bridge provides an input common-mode voltage near 2.5V,
with a relatively small differential voltage.

INPUT PROTECTION

The inputs are protected with internal diodes connected to
the power supply rails. These diodes will clamp the applied
signal to prevent it from exceeding the power supplies by
more than approximately 0.7V. If the signal source voltage
can exceed the power supplies, the source current should be
limited to less than 10mA. This can generally be done with
a series resistor. Some signal sources arc inherently current-
limited and do not require limiting resistors.

CHANNEL CROSSTALK—DUAL VERSION

The two channels of the INA2126 are completely indepen-
dent, including all bias circuitry. At DC and low frequency
there is virtually no signal coupling between channels,
Crosstalk increases with frequency and is dependent on
circuit gain, source impedance and signal characteristics.

As source impedance increases, carcful circuit layout will
help achieve lowest channel crosstatk, Most crosstalk is
produced by capacitive coupling of signals from one channel
to the input section of the other channel. To minimize
coupling, separate the inpul traces as far as practical from
any signals associated with the opposite channel. A grounded
guard trace surrounding the inputs helps reduce stray cou-
pling between channeis. Carcfully balance the stray capaci-
tance of each input to ground, and run the differential inputs
of each chanmel paralle! to cach other, or directly adjacent on
top and bottom side of a circuit board. Stray coupling then
tends to produce a commeon-made signal that is rejected by
the IA’s input.



The ADS7817's Vg input cument is proportional to conversion rate. A
conversion rate 10kS/s of slower assuros enough current fo tum on the
+5V referance diode. Converter input range is £1.2v, Qutput swing limitation of
0 INA126 limits the A/D converter to somewhat greater than 11 bits of range.
7 Ry, G, Ry
340Mz LP INA126 and ADS7817
INA126 . .
2.5V + AV 3 are available In fing-pitch
+ 6 MSOP-8 package
8 & ! H
- . 8
l R'
40ke2 s 1k
2 6 Senal
) 10ke *IN P Data
S Rs YW c
Sensor 0 4'.0'1 F
Ly . ADS7817 s )
SN t2Bit g 0o ChP
AD Select
3 he
o TkE2
2.5v - AV 1 7
g Vaer Ck —=C Clock
5 12v ——1 aapA
4 6|8 4
=~ ?‘ REF1004C-1.2
A similar instrumentation amplifier, INA125, provides 4 * Dual! version has extemnal
an intemnal reference voltage for sensor excitaticn =1 sense connection. Pin numbers
and/or A/D converter reference. shown are for single version.

FIGURE 4. Bridge Signal Acquisition—Single 5V Supply.

Ay, Ig Error

QPAITT | #1.5nA
QPA130 +20pA =
OPABD2 +pA

QPA129 | 1006(A

% Dual version has extemal sense coennection.

FIGURE 3, Differential Voltage-to-Current Converter.

BURR - BROWN®

9 INA126, INA2126



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T!} reserve the right to make changes to their products or to discontinue
any product ar service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tideems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using Tl components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes ne liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, gither express orimplied, is granted under any patentright, copyright, mask work right, or other
intellectual property right of Ti covering ar relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute T’s approval, warranty or endorsement thereof.

Copyright © 2000, Texas Instruments Incorporated
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Dual-Channel: HCPL-2630, HCPL-2631
High Speed-10 MBit/s Logic Gate Optocouplers

Features

| Very high speed-10 MBit/s

B Superior CMR-10 kV/us

m Double working voltage-480V

B Fan-out of 8 over -40°C to +85°C
W Logic gate output

m Strobable output

& Wired OR-open collector

B U.L. recognized (File # ES0700)

Applications

Description

The BN137, HCPL-2601/2611 single-channel and HCPL-2630/
2631 dual-channe! optocouplers consist of a 850 nm AlGaAS
LED, opticalty coupled to a very high speed integrated photo-
detactor logic gate with a strobable output. This output features
an open collector, thereby permitting wired OR outputs. The
coupled parameters are guaranteed over the temperature range
of -40°C to +85°C. A maximum input signal of 5 mA will provide
a minimum output sink current of 13mA (fan out of 8).

An internal noise shield provides superior common mode rejec-
tion of typically 10kV/ps. The HCPL- 2601 and HCPL- 2631 has
a minimum CMR of 5 kV/ps. The HCPL-2611 has a minimum

CMR of 10 kV/ius.
& Ground loop elimination L

W LSTTL to TTL, LSTTL or 5-valt CMOS
W Line receiver, data transmission

B Data multiplexing

B Switching power supplies

B Pulse transformer replacement

B Computer-peripheral inlerface

Package Schematic

wefi]
-
V'
-@
wefl
E6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611
Truth Table (Positive Logic)
Input Enable Qutput
H H L
L H H
H L H
L L H
H NC L
L NC H

A 0.1uF bypass capacitor must be connected between pins 8 and 5. (See note 1)

©2005 Fairchild Semiconductor Corporation 1
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, MCPL-2631 Rev. 1.0.5

www.fairchildsemi.com
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Absolute Maximum Ratings (T, = 25°C unless atherwise specified)

Parameter Symbol Value Units

Storage Temperature Tsra -55 to +125 °C

Operating Temperature Topr -40 to +85 °C

Lead Solder Temperature TsoL 260 for 10 sec °c

EMITTER

DC/Average Forward Single Channel! g 50 mA

Input Current Dual Channel {Each Channel) 30

Enable Input Voltage Single Channel Ve 5.5 v

Nat to exceed Ve by more than 500 mV

Revarse Input Voltage Each Channel ' 5.0 \

Power Dissipation Singte Channal P 100 mwW
Duaf Channel {Each Channetl) 45

DETECTOR

Supply Voltage Vee 7.0 v

{1 minute max)

Output Current Single Channel lg 50 mA
Dual Channel (Each Channel) 50

Qutput Voltage Each Channel Vo 7.0 v

Collector Quiput Single Channel Po 85 mw

Power Dissipation Dual Channe! (Each Channel) 80

Recommended Operating Conditions

Parameter Symbol Min Max Units

Input Current, Low Level IrL 0 250 YA

Input Current, High Level len *6.3 15 mA

Supply Voltage, Output Ve 4.5 5.5 \'

Enable Voltage, Low Level VEL 0 0.8 v

Enable Voltage, High Level VEH 2.0 Voo v

Low Level Supply Current Ta -40 +85 °C

Fan Out (TTL load) N B8

*6.3mA is a guard banded value which allows for at least 20% CTR degradation. initial input current threshold value is

5.0 mA or less.

2
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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Electrical Characteristics (T, = 0 to 70°C Unless otherwise specified)
Individual Component Characteristics

Parameter Test Conditions Symbo! | Min | Typ*™ | Max | Unit

EMITTER (lr = 10mA) Ve 1.8 v

Input Forward Voltage Ta= 25°C 1.4 1.75

Input Reverse Breakdown Voltage {lg = 10pA) Bvr 5.0 v

Input Capacitance {(Vr=0.f=1MHz) Cin 60 pF

Input Diode Temperature Coefficient {IF = 10MA) | AVE/AT, -1.4 mvyi/°C

DETECTOR

High Level Supply Current  Single Channel (Vog =5.5V. g = 0 mA) leen 7 10 mA
Dual Channel (Ve = 0.5V) 10 15

Low Leval Supply Current  Single Channel (Mo =55V, |p =10 mA) leeL g 13 mA
Dual Channel (Vg = 0.5V) 14 21

Low Level Enable Current (Voo = 5.5V, Vi = 0.5V} gL -0.8 -1.6 mA

High Level Enable Current Voc=5.5V, Vg = 2.0V} lgn -0.6 -1.6 mA

High Level Enable Voltage (Ve =55V Ip = 10 mA} VEH 2.0 v

Low Level Enable Voltage (Voo = 5.5V, e = 10 mA}{Note 3) VeL 0.8 v

Switching Characteristics (T, = -40°C to +85°C, Ve = 5V, I = 7.5 mA Unless otherwise specified)

AC Characteristics Test Conditions | Symbol | Min | Typ** | Max | Unit
Propagation Delay Time (Néle 4} (T4 =25°C) TeLH 20 45 75 ns
to Qutput High Level (R, = 35002, C, = 15 pF) {Fig. 12) 100
Propagation Delay Time (N%ie 5) (Tp = 25°C) TeHL 25 45 75 ns
1o Qutput Low Level (Re = 3500, C, = 15 pF) {Fig. 12) 100
Puise Width Distortion {R_ = 3504, C_= 15 pF) {Fig. 12} ITpHL- 3 35 ns
Terul

Output Rise Time {RL = 3500, C_= 15 pF}) I 50 ns
{10-80%) {Note 6) (Fig. 12}
Qutput Rise Time (R =3504, C, = 15 pF) i 12 ns
(80-10%) {Note 7} (Fig. 12)
Enable Propagation Delay {lE=75mA, Vgu =35V} {ELH 20 ns
Time to Output High Level (R = 350Q, C, = 15 pF) (Note 8) {Fig. 13}
Enable Propagation Delay (le=7.5mA VEu=3.5V) teqL 20 ns
Tima te Qutput Low Level (R = 3508, C =15 pF) (Note 9) {Fig. 13}
Common Mode Transient (Ta = 25°C) IVl = 50V, (Peak) | ICMyl Vius
Immunity (at Qutput High {lg = 0 MA, Vo {Min.) = 2.0V)
Level) 8N137, HCPL-2630 (R, = 35001) {Note 10} 10,000

HCPL-2601, HCPL-2631 {Fig. 14) 5000 | 10,000

HCPL-2611 Wyl = 400V 10,000 | 15,000
Common Mode Transignt (AL = 35042 (I = 7.5 mA, Vg (Max.) =0.8V | ICM| 10,000 Vius
:_’2:;‘:)""" (at OutputLow  gn4a7 HOPL-2630 Vepal = S0V (Peak)

HCPL-2601, HCPL-2631 (T, = 25°C}{Note 11)(Fig. 14} 5000 | 10,000

HCPL-2611(T, = 25°C) Vol = 400V 10,000 | 15,000

www.fairchildsemi.com
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Transfer Characteristics (T, = -40 to +85°C Unless otherwise specified)

DC Characteristics Test Conditions | Symbol Min Typ** Max Unit

High Level Output Current (Voo =55V Vg=55V) lon 100 HA
(IF = 250 pA, Vg = 2.0 V) (Note 2)

Low Level Qutput Current (Mo =55V, I =5 mA) VoL 35 0.5 v
(Ve =2.0V, I = 13 mA} (Note 2)

Input Threshold Current (Voo =565V, Vg =08V, leT 3 5 mA

VE=2.0V, Iy = 13 mA)

Isolation Characteristics (T, = -40°C to +85°C Unless otherwise specified.)

Characteristics Test Conditions | Symbol Min Typ** Max Unit
Input-Output (Relative humidity = 45%) .o 1.0¢ HA
Insutation Leakage (T, =25°C,t=5s)
Current (V.0 = 3000 VDC)
{Note 12)
Withstand Insulation Test Voltage {RH < 50%, T, = 25°C) Viso 2500 Vams
(los2pA)
{Note 12) {t=1 min.)
Resistance (Input to Output) {V1.o = 500 V) {Note 12) Ria 1012 Q
Capacitance {Input to Qutput) {f =1 MHz) (Note 12) Cro 0.6 pF

** All Typicals at Ve = 5V, Ty = 25°C

NOTES

1. The Vg supply to each optoisclator must be bypassed by a 0.1uF capacitor or larger. This can be either a ceramic or solid

tantalum capagiter with goed high frequency characteristic and should be connected as close as possible to the package Vg and

GND pins of each device.

Each channel.

Enable Input - No pull up resistor required as the device has an internal pull up resistor.

tpLH -Propagation detay is measured from the 3.75 mA level on the HIGH to LOW transition of the input current pulse to the 1.5V

leval an the LOW to HIGH transition of the output voltage pulse.

1pyL -Propagation delay is measured from the 3.75 mA lavel on the LOW to HIGH transition of the input current pulse to the 1.5V

level on the HIGH to LOW transition of the output voltage pulse.

i; -Rise time is measured from the 90% to the 10% levels on the LOW to HIGH transition of the cutput pulse.

t; -Fall time is measured from the 10% ta the 90% levels cn the HIGH to LOW transition of the output pulse.

g1 -Enable input propagation delay is measured from the 1.5 V level on the HIGH 10 LOW transition of the input voltage pulse to

lﬁe 1.5 V level on the LOW to HIGH transition of the output voltage pulse.

{ey) -Enable input propagation detay is measured from the 1.5 V level on the LOW te HIGH transition of the input voltage pulse to

the 1.5 V level on the HIGH to LOW transition of the output voltage pulse.

10. CMy -The maximum tolerable rate of rise of the common mode voitage to ensure the output will remain in the high state {i.e., Vour
> 2.0 V}. Measured in volts per microsecond (V/us).

11. CM -The maximum tolerable rate of rise of the common maode voltage to ensure the output will remain in the low cutput state (i.e.,
Vout < 0.8 V). Measured in volts per micrasecond (V/ps).

12. Device considered a two-terminal device: Pins 1,2,3 and 4 shorted together, and Pins 5,6,7 and 8 shorted together.

© @NOe o Aw
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VoL - Low Level Output Voltage (V)

Tp - Propagation Delay (ns}

Fig.1 Low Level Quiput Voltage vs. Ambient Temperature
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0.2 /
/ I 9.6 mA
low=9.6m,
o1 J Kbl
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8.0 L
-40 -20 0 20 40 60 80
Ta - Ambient Temperature (°C)
Fig.3 Switching Time vs. Forward Current
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Ip - Forward Current (mA)
Fig. & Input Threshold Current
vs. Ambient Temperature
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T
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Ta - Ambient Temperature {°C}

Fig. 2 Input Diode Forward Vollage
vs. Forward Current
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Fig. 6§ Output Voltage vs. Input Forward Current
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Yo - Output Voltage {V}
w

hi 2 3 4 5 6
I - Forward Current (mA)
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PWD - Pulse Width Distortion {ns)
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N
(=]

o
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TE - Enable Propagation Belay {ns)

Fig. 7 Pulse Width Distortion vs. Temperature

[ Conditions:
IF=75mh
vec=§v RL=4 ka2
RL= 1k
AL = 3500
017
4

-60 -40 -20 Q 20 40 60 80 100

T - Temperature {°C)

Fig. 9 Enable Propagation Delay vs. Temperature
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Fig. 8 Rise and Fall Time vs. Temperature
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Fig. 12 Test Circuit and Waveforms for tp y, tpyy t, and t;.
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Fig. 13 Test Circuit tgyy and tg 4.
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Fig. 14 Test Circuit Common Mode Transient Immunity
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DTD 1.78;

N F 0.045 (1.14)
200 {5.08) 0.020 (0.51) MIN

Py .08
g u:wtass}\

o

0 154 {3.90] =

o. lzut:l o5} i

ngp.n) - T

- T 0.016 {0.40) ‘/L
J 0008 (020)
~0.100 (2.54) TYP

Package Dimensions (Through Hole) Package Dimensions {Surface Mount)

. D3%0(59Y
D.370 (9.40}
PN

ﬂ/’_lb.
_T

0.270 (6.85)
0.250 {6.35)

1

©.070 {1.78)
0,045 (1.14}

0.020 @51
MIN

4[__ 0622058 RSy
ome{lng [‘ 0.315(8.00)

0.100{2.54)
P

Land Copianarity - Q. 00& {0.10) MAX

0405 (10.30}
MIN

‘_osoo(rsz)_’

0,018 (041}
0 008 {0.20)

M

Package Dimensions (0.4"Lead Spacing)

Recommended Pad Layout for

|[auueyy-a)bug

»

Surface Mount Leadform
PN
h&&ﬂﬁn
4‘ ’—— CO70 (1.78)
0.270.18.30)
0.250 (8.35)
Hmmm D l:l I:[] D] 0.060 {1.52)
| oxoe__ | l
2.970 19.40) o %, J__,_\
; 0.295 (7.49)
3 - [Aeie e 0.030 {0.76)
g 9.200 (5.08) D.004 (0,10} MIN ¥ (18.59)
& 2la0@ss
i ! L DoOn
%‘%{%Al— __romsg‘u o5 —] W~ =
_l Lamucz.sqn‘v VK I——“‘”"“"'*-I

NOTE
All dimensions are in inchas (millimeters)
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Ordering Information

Option Example Part Number Description
s 6N1378 Surtace Mount Lead Bend
SD 6N1378D Surface Mount; Tape and reel
w 6N137W 0.4" Lead Spacing
v BN137V VDE0884
wv 6N137WV VDE0884; 0.4" lead spacing
sv 6N1375V VDEQ884; surface mount
SOV 6N1373DV VDEO0884; surface mount; tape and reel

—=]

QT Carrier Tape Specifications (“D” Taping Orientation)

12.0 £0.1
4,90 + 0.20
4.0£0.1+] ©1.55 1 0.05
0.30 £ 0.05 4.0¢o.1.-| / r1 751010
6 6 6 0o 0o 06 oldod o-————r
EO e 3 |[ _" ?.53:{0.116{)“3
132402 R R i Jp
b | d h {1 d i §
a1k 01 & 1 10.30 £ 0.20
l N\
AN
0.1 MAX 10.30 1 0.20 \— 91.6£0.1

User Dirgction of Feed

10
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev, 1.0.5
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Marking Information

(2601)-

6o o

Definitions

Fairchild logo

Device number

VDE mark (Nota: Only appears on parts ordered with VDE option —
See order entry table)

Two digit year cods, e.g., ‘03’

Two digit work week ranging from ‘01" to '53'

Assembly package code

Temperature {°C)

250 1
200 A
150 4

100
50
0

215C, 10-30 s

225C peak

Time above 183C, 60-150 sec

N

0 05 1 15 2 25 3 35 4 45
Time {(Minuta}

Ramp up = 3C/sec

+ Peak reflow temperature: 225C (package surface temperatura)}
« Time of temperature higher than 183C for 60—150 secends
« One time soldering reflow is recommeanded

Reflow Profile

300

11
Single-Channel: 8M137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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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™
ActiveArray™
Bottomless™
Build it Now™
CoolFET™
CROSSVOLT™
DOME™
EcoSPARK™
E2CMOS™
EnSigna™
FACT™
FAST®
FASTI™
FP3™
FRFET™

FACT Quiet Series™
GlobalOptoisolator™
GTO™

HiSeC™

|2CTM

i-Lo™
ImpliedDisconnect™
IntelliMAX™
ISOPLANAR™
LittleFET™
MICROCOUPLER™
MicroFET™
MicroPak™
MICROWIRE™
MSX™

MSXPro™™

Across the board. Around the world. ™
The Power Franchise®
Programmable Active Droop™

OCcx™
OCXPro™
OPTOLOGIC®
OPTOPLANAR™
PACMANT™
POP™
Power247™
PowerEdge™
PowerSaver™
PowerTrench®
QFET®

Qs™

QT Optoelectronics™
Quiet Series™
RapidConfigure™
RapidConnect™
pSerDes™
ScalarPump™

SILENT SWITCHER®
SMART START™
SPM™

Stealth™
SuperFET™
SuperSOT™-3
SuperSQT™-6
SuperSQT™-8
SyncFET™
TCM™
TinyBoost™
TinyBuck™
TinyPWM™
TinyPower™
TinyLogic®
TINYOPTO™
TruTranslation™
UHC™

UniFET™
UlraFET®

VCX™
Wirg™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME 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. THESE SPECIFICATIONS DO NOT EXFAND THE TERMS OF FAIRCHILD'S
WORLOWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which,
(a) are intended for surgical implant into the body, or (b} support or
sustain life, or (¢} whose fallure to perform when properly used In
accordance with instructions for use provided in the labeling, can be

reasonably expected te result In significant injury to the user.

2. A critical component is any component of a life support device or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its
safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet identification

Product Status

Definition

Advance Information

Formative or In Design

This datasheet contains the design spacifications for
product development. Specliications may change in
any manner without notice.

Preliminary

First Production

This datasheat contains preliminary data, and
supplementary data will be published at a fater date.
Fairchild Semiconductor reserves the right to make
changes at any time without nofice 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 to Improve design.

Cbsolete

Not In Production

This datasheet contains specifications on a product
that has been discontinued by Falrchlld semiconductor.
The datasheet is printed for reference information only.

Rev. 120

12
Singte-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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FAIRCHILD

SEMICONDUCTOR® www.fairchildsemi.com

LF353
Dual Operational Amplifier (JFET)

Features Description

* Internally trimmed offset voltage: 10mV The LF353 is a JFET input operational amplifier with an
* Low input bias current; 50pA internally compensated input offset voltage. The JFET input
+ Wide gain bandwidth: 4MHz device provides wide bandwidth, low input bias currents and
* High slew rate: 13V/ps offset currents.

High Input impedance: 10120

8-DIP

8-50P

Internal Block Diagram

Rev. 1.0.0

©2001 Fairchild Semiconductor Corporation




LF353

Schematic Diagram
(One Section Only)
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Power Supply Voltage vee +18 v
Differential input Voltage VI(DIFF) 30 v
Input Voltage Range Vi +15 \'
Qutput Short Circuit Duration - Continucus -
Power Dissipation PD 500 mw
Operating Temperature Range TOPR 0~+70 °C
Storage Temperature Range TsTG -65 ~ +150 °C




LF353

Electrical Characteristics
(Vce =+15V, VEE= -15V, TA=25 °C, unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input Offset Voltage Vio Re=10K1} - 50 10 mv
0°CsTas+70°C - - - -
Input Offset Voltage Drift AVIOIAT | RS=10KQ | 0°C<TA<+70°C - 10 - pv/°C
Input Offset Current ho - g 100 pA
| 0°C<Ta<+70°C| - - 4 nA
input Bias Current IBIAS - 50 200 pA
| 0°CsTag+70°C| - - 8 nA
Input Resistance Ri - - 1012 - 0
Large Signal Voltage Gain Gv VORRIQHY o 100 - vimV
RL=2KQ | 0°C<TA#70°C| 15 - . -
Output Voltage Swing VO(P_Py| RL = 10KQ 12 +13.5 - \
Input Voltage Range VI(R) - =11 | +15/-12 - v
Common Mode Rejection Ratio CMRR | Rs < 10KQ 70 100 - dB
Power Supply Rejection Ratio PSRR  Rs s 10KQ 70 100 - dB
Power Supply Current Icc - - 36 6.5 mA
Slew Rate SR Gv=1 - 13 - Vius
Gain-Bandwidth Product GBW - - 4 - MHz
Channel Seperation Cs Ilzp:ut'zre;ezrgﬁreii) - 120 - dB
Equivalent Input Noise Voltage VNI $=S 1= K}_?ZOQ - 16 - %
Equivaient Input Noise Current INJ f=1KHz - 0.01 - ﬁH;A;
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Mechanical Dimensions

Package

6.40 10.20
0.252 +0.008

#1 [
O

7.62
0.300

J_,o:ﬁf

8-DIP

ol Z| 213
e 3 <
- T f i
g2 &g
slg &S
(=] o
=2 | 5|8
Sm g%
2| 58
D]~ o o
%8
BPS
5.08 3.30 z0.30
0.200 MAX 0.130 +0.012
3.40 +0.20 0.33
0.134 10,008 o013 MIN
10
0_25:?).05
D004
0.010 0002
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Mechanical Dimensions

Package
0.1~0.25
1.55 +0.20 MIN 5 604~0.001
0.061 +0.008
AN
O‘_’o
# O T 148 ]:T I
- O 8|2 ,
</ s @ I
ol o
] 2| 23| = :
T g IS 2|8
#41] #5 ‘ e ) e
! S oy
g
Cls
[en]
6.00 £0.30 180 ng
0.236 10.012 0.071 MAX “la
o |o '
(= -
[=2] 3] 3
biis 3.95 +0.20 = 2
8383 0.156 +0.008 g 8
==

0.225

0.50 +0.20

‘ 572
0.020 10.008

(-




LF353

Ordering Information

Product Number Package Operating Temperature
LF353N 8-DIP 0~ + 70°C
LF353M 8-SoP

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TQ ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING QUT QF 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 WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or {b} support or sustain life, and {c) whose failure to reasonably expected to cause the failure of the life support

perform when properly used in accordance with

device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the

user.

www.falrchildsemi.com

8/1/01 0.0m 001
Stocid# DSx0omxxx
® 2001 Fairchild Semiconductor Corporation



MAX232, MAX232l

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0O47L - FEBRUARY 1989 — REVISED MARCH 2004

® Meets or Exceeds TIA/EIA-232-F and ITU

Recommendation V.28

Operates From a Single 5-V Power Supply

With 1.0-uF Charge-Pump Capacitors

Operates Up To 120 kbit/s
Twoe Drivers and Two Receivers
+30-V Input Levels

ESD Protection Exceeds JESD 22

Low Supply Current . , . 8 mA Typical

- 2000-V Human-Body Model (A114-A)

Upgrade With Improved ESD (15-kV

HBM)

and 0.1-uF Charge-Pump Capacitors is

Available With the MAX202
® Applications

- TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232. .. B, DW, N, OR NS PACKAGE
MAX2321...D, DW, OR N PACKAGE

(TOP VIEW)
C1+ [ 1 “ 18 ] Vee
Ve+ [f 2 15{] GND
ci-f3 14]] T10UT
cz+ )4 13]] R1IN
cz-fIs 12[] R1OUT
vg-[]86 H[] T1IN

T20UT[] 7 10[] T2IN
R2IN [] 8 9[] R20UT

The MAX232 is a dual driverfreceiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept £30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

u Prcrce e s
PDIP {N) Tube of 25 MAX232N MAX232N
Tube of 40 MAX232D
SOBY Reel of 2500 MAX232DR MAY2
Ml 4 Tube of 40 MAX232DW
SOIC (OW) Reel of 2000 MAX232DWR k) 7
SOP (NS) Reel of 2000 MAX232NSR MAX232
PDIP {N) Tube of 25 MAX232IN MAX232IN
Tube of 40 MAX232ID
=-40°C to 85°C R " Reel of 2500 MAX232IDR MAXZ32]
SOIC (DW) Tube of 40 MAX2321DW MAX232]
Reel of 2000 MAX232IDWR

T Package drawings,

guidelines are available at www.ti.com/sc/package.

standard packing guantities, thermal data, symbolization, and PCB design

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.

LIinASIC is a trademark of Texas Instruments.

PRODUCTION DATA Information is cumrent as of publicatien date.
Products contorm to specificatiens per the lerms of Texes Instruments
standard y. P g does nol ily Include
testing of all peraineters,

"’3 TEXAS

Copyright @ 2004, Texas Instruments Incorporated

INSTRUMENTS

POST QFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232]

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L ~ FEBRUARY 1989 - REVISED MARCH 2004

logic diagram {positive logic)
TN
T2IN
R10UT

R20UT

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H
H L

H = high level, L = low

level

EACH RECEIVER

INPUT | QUTPUT
RIN RCUT
L H
H L

H = high level, L = low

level

11 >O 14

10 >C 7

12 13
o<

9 8
o<

T10UT

T20UT

R1IN

R2IN

‘E’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004
L

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

Input supply voltage range, Voo (seeNote 1) ... .o . o, -0.3VtoBV
Positive output supply voltage range, Vg ... ..o i i Ve -03Vio 15V
Negative output supply voltage range, Vg— .. .. ... i -03Vto-15V
Input voltage range, Vi DIiVer . ... .. e -03VtoVeo+03V
RECBIVEr . o e +30V

Qutput voltage range, Vo: T1OUT, T20UT ... ... e, Vg--03VtoVg, +03V
R1OUT, R20OUT . e e -03VtoVpp + 0.3V

Short-circuit duration: T1OUT, T20UT ... e e Unlimited
Package thermal impedance, 0 (see Notes2and 3): Dpackage ............ ... it 73°CW
DWopackage .......................... 57°CIW

Npackage ..................cciiians, 67°C/W

NSpackage ...........ciiiiiiininnninn 64°CW

Operating virtual junction temperature, T ) ... . i i e e s 150°C
Storage temperature range, Tstg -« v e -65°C to 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 nhot
implied. Exposure o absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoliages are with respect to network GND.

2. Maximum power dissipation is a function of T jimax), 84, and Ta. The maximum allowabte power dissipation at any atlowable
ambient temperature is Pp = (T j(max) - Ta)f8 ja. Operating at the absclute maximum Ty of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN  NOM  MAX | UNIT
vee Supply voltage 4.5 5 5.5 v
VIH High-level input voltage (T1IN,T2IN) 2 \
ViL Low-level input voltage (T1IN, T2IN) 08 A
R1IN, R2IN Receiver input voltage +30 v
MAX232 0 70
Ta Operating free-air temperature BN i 5 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature {(unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS

MIN TYPZ

MAX

UNIT

Veg=55VY,
Ta = 25°C

All out n
Icc  Supply current outputs open,

8

10

mA

T All typical values are at Voo =5Vand Ty = 25°C.
NOTE 4: Test conditions are C1-C4=1uFatVeo =5V 05V,

Q’ Texas
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MAX232, MAX232|

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471. - FEBRUARY 1989 - REVISED MARCH 2004

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range {see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX ]| UNIT
VoH  High-level output voltage TI1OUT, T20UT [ R = 3kQ to GND 5 7 \4
VoL  Low-level output voltage? T10UT, T20UT R = 3 ki2 to GND -7 -5 v
fo Cutput resistance T1OUT, T20UT  [Vg+=Vg-=0, Vo=12V 300 Q
tosS  Short-circuit cutput current T10UT, T20UT |Veo =55V, Vg=0 +10 mA
[T Short-circuit input current T1IN, T2IN Vi=0 200 HA

T Al typical values are at Ve =5V, Ta = 25°C.

1 The algebraic convention, in which the least-positive {most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

§ Not more than one output should be shorted at a time.

NOTE 4. Test conditions are C1-C4 =1 pF at Voo =5V 105V

switching characteristics, Vgc = 5V, T = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
. RL =3kQ o 7k,
SR Driver slew rate Ses Figure 2 30| Vs
SR(t) Driver transition region slew rate See Figure 3 3 Vips
Data rate One TOUT swiiching 120 kbit/s
NOTE 4: Test conditions are C1-C4 = 1 yF at Veo =5V £ 0.5 V. {
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VoH  High-level output voltage R10OUT, R20UT |lgH =—1mA 3.5 \
VoL  Low-evel output voltaged R10OUT, R20UT  }IgpL =3.2 mA 0.4 v
Receiver positive-gaing input 4
VITH oo “’m"age going inp R1IN, R2IN Veg =5V, Ta = 25°C 17 24| v
VIT- E‘r’:;‘ﬁ; '\‘,eo?;g:e'g"'”g input R1IN, R2IN Voo =5V, Ta = 25°C 08 1.2 v
Vhys  Input hysteresis voltage R1IN, R2IN Voo=5V 0.2 0.5 1 v
f Receiver input resistance R1IN, R2IN Voo =5, Ta =25°C 3 5 7 k&2

1 All typical values are at Ve = 5V, Ta, = 25°C.

1 The algebraic convention, in which the least-positive {most negative} value is designated minimum, is used in this data sheet for logic voltage
levels only.

NOTE 4: Test conditions are C1-C4 =1 pFat Voo =5V 05V,

switching characteristics, Voo =5V, Tp = 25°C {see Note 4 and Figure 1)

PARAMETER TYP | UNIT
tpLH(R) Receiver propagation delay tims, low- to high-level output 500 ns
IpHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 4: Test conditions are C1-C4 =1 pFat Voo =5V 0.5V

Q’ TEXAS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L — FEBRUARY 1285 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

RL = 1.3 kQ

Pulse See Note C
Generator

{see Note A)

Cy =50 pF =
{see Note B)

TEST CIRCUIT

<10 ns —» :.._ —» le— <10ns
|

wwwwww 3v
e I 90%  90% I7
P 10% | 50% 50% 10% Y,
<+— 500 ng —»
kw—ﬂ+t
tPHL | EH
| | VOH
Output 15V isvaA VoL
WAVEFORMS

NOTES: A. The pulse generater has the following characteristics: Zg = 50 €, duty cycle < 50%.
B. €y includes probe and jig capacitance.
C. All diodes are 1N3064 or eguivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy_ and tp 4y Measurements
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MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1988 - REVISED MARCH 2004

TR
PARAMETER MEASUREMENT INFORMATION
Pulse T1IN or T2IN T10UT or T20UT
Geonerator Py ElIA-232 Qutput
{see Note A) l
CL =10 pF
% (sea Note B)
TEST CIRCUIT

| |

+——————— 3v
Input | 93% 90%0 |
10% | 50% 50% N 10%

ov
14—— 5 us ———]

s1ons—>1| le— —» :1~—S10ns
|

I"—"r—tPLH
tPHL —H——ﬂ
‘ |
5\9:% | A o0% VoH
Output | |
10% 10%
| \ o o _}" ###### VoL
tTHL - _.I = tTLH
s L IOH “Vou! | 980oL~Vou!
YrLH trhHL
WAVEFORMS

NOTES: A. The pulse generatar has the following characteristics: Zo = 50 £2, duty cycle < 50%.
B. C| inctudes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy_ and tp 4 Measurements (5-us Input)

Pulse
( Genﬁrato‘; | ‘I— ElA-232 Qutput
see Note

3IkQ % CL=2.5nF
TEST CIRCUIT
<10ns —»  le— —»l le— <t0ns
Input | |
90% 0%
NEY e PEY 1w
[—— 20 us —»|
ttHL ™ = _'1 r_ STLH
||
| ! VoH
Output 3V k l w !j v
GV Y— =, VoL
6V
SR= —5V___
tTHL O trLn
WAVEFORMS

NOTE A:  The pulse generator has the following characteristics: Zgy = 50 £, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tty_ and ty 4 Measurements (20-us Input)
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L — FEBRUARY 1988 ~ REVISED MARCH 2004

APPLICATION INFORMATION

5V
o
CBYPASS =1uF =
16
) ; Vee
] ci+
C1>T= 1yF 3 Vg4
. ci-
-] c2+ Vs-
c2 1uF 5
S
" B> 1% Eia-232 output
From CMOS or TTL 10 7
— = s ™~  ElA-232 Output
12 13
— = I |—+—"— EIA-232 Input
To CMOS or TTL 9 8
— ] oV I |—4—— ElA-232Input
15
GND

T C3 can be connected to Ve or GND.
NOTES: A. Resistor values shown are nominal.
B. Nonpolarize¢ ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
cannecied as shown. In addition to the 1-puF capacitors shown, the MAX202 can operate with 0.1-uF capacitors.

Figure 4. Typical Operating Circuit
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PACKAGING INFORMATION

Orderable Device Status "' Package Package Pins Package EcoPlan‘® Lead/Ball Finlsh MSL Peak Temp
Type Drawing Qty
MAX232D ACTIVE SQIC D 16 40 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
MAX232DE4 ACTIVE sSQIC D 16 40 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sbi/Br)
MAX232DR ACTIVE S0I1C D 16 2500 Green (RoHS & CUNIPDAL  Level-1-260C-UNLIM
no Sh/Br)
MAX232DRE4 ACTIVE SQIC D 16 2500 Green (RoHS & CUNIPDAU  Leve!-1-260C-UNLIM
no SbiBr)
MAX232DW ACTIVE solIc ow 16 40 Green {(RoHS & CU NIPRAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232DWE4 ACTIVE SQIC Dw 16 40 Green {(RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232DWR ACTIVE s0IC Dw 16 2000 Green {(RoHS & CUNIPDAU  Level-1-260C-UNLIM
na SbiBr)
MAX232DWRE4 ACTIVE 50IC DW 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX2321D ACTIVE S0IC D 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232IDE4 ACTIVE SOIC D 16 40 Green(RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX2321DR ACTIVE SOIC D 16 2500 Green (RoHS & CUNIPDAL  Level-1-260C-UNLIM
ng Sb/Br)
MAX232IDRE4 ACTIVE S0IC D 16 2500 Green{RoHS & CUNIPDAL Level-1-260C-UNLIM
no Sb/Br}
MAX232IDW ACTIVE SQIC Dw 16 40  Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br}
MAX232IDWE4 ACTIVE SQ0I1C Dw 16 40  Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
MAX232IDWG4 ACTIVE S0IC Dw 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no ShiBr)
MAX232IDWR ACTIVE SQIC Dw 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232IDWRE4 ACTIVE SOIC Dw 16 2000 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no SbiBr)
MAX232IDWRG4 ACTIVE S0CIC Dw 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IN ACTIVE PDIP N 16 25 Pb-Frea CU NIPDAU N/ A for Pkg Type
{RoHS)
MAX232INE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N A for Pkg Type
{RoHS)
MAX232N ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
{RoHS)
MAX232NE4 ACTIVE PDIP N 1] 25 Pb-Free CU NIPDAU N/ A for Pkg Type
{RoHS)
MAX232NSR ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sbi/Br)
MAX232NSRE4 ACTIVE 50 NS 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)

" Tha marketing status values are defined as follows:

Addendum-Page 1
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INSTRUMENTS
www_ti.com 18-Jul-2006

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recormmend using this partin
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available,

OBSOQLETE: Tl has discontinued the production of the device.

2 Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http:/hwww ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (ReHS): Tl's tarms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the currant RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free {RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green” to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb de not exceed 0.1% by weight in homogeneous material}

¥ MsL, Peak Temp. -- The Moisture Sensitivity Levet rating according to the JEDEC Industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. T bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continuss to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

n no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl
to Customer on an annual basis.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN-LINE PACKAGE

16 PINS SHOWN
N A oM NS **1 14 16 18 20
s s 0775 | 0775 | 0920 | 1.060
Lo ™ ™ ™ ™ N R I e ey
0.260 (6,60 0745 | 0745 | 0850 | 0940
., —§—fo.z4o 610 A N1 892) | (18.92) | (2159) | (23.88)
MS—001
P g i e s e g g g g AN | oy | AR BB AC AD
1

0.070 %1.73!
0.045 (1,14 &
0.045 (1,14
¥ "‘0‘030 0,76 & 0.020 (0,51) MIN PRIl

0.300 (7,62

PN coa AN

0.200 (5,08) MAX = —TGuuge Plane
o D l Seating Plane L_J

T 0.125 (3,18) MIN 0.010 (0,25) NOM

4,] 0.430 (10,92) MAX L—

r.._n—l—n_..

T
]
[

0,100 (2,64
0.021 (0,53)
M o015 Eo.aaj

[E[5010 (0.25 @) /

i 1

\_—/ 14/18 Pin Only @

20 Pin vendor option

4040049/E  12/2002

NOTES: A All linear dimensions are in inches {milimeters).
B. This drowing is subject to chonge without notice.

& Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
& The 20 pin end lead shoulder width is a vendor option, either half or full width.

X Tixas
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MECHANICAL DATA

D (R—PDSO-G16)

PLASTIC SMALL—-OUTLINE PACKAGE

0.394 {10,00)

0.386 (9,80)

A

i

1A A A i

SN

0,157 (4,00)
0.150 (3,80) A\

SIS SIS NN

l

/H 0o
o | et

0B o0 ‘

J L_ 0.020 (0.51)
0012 0.012 (0.57)

0.244 (6,20
0.228 (5,80)

F

Index Areq
0.010 (0,25) ()
e e i e N
| 0.010 (0,25)
- 0.069 (1,75) Max 0.004 (0,10)

0.010 {0,25)
0.007 (0.17) ‘l

¥
Gouge Plone -+ __

0.010 {0.25) -8

0.050 (1.27)

[£>]0.004 (0,70)

Seating Plone

0.016 (0,40}

4040047-4/H 11/20086

NOTES:

A. Al tinear dimensions are in inches {millimeters).

B. This drawing is subject to change without notice.
& Body length does not include mold flash, protrusions, or gate burrs, Mold flash, protrusions, or gate burrs shall

not exceed .006 (0,15) per end.

& Body width does not include interlead flash.
E. Reference JEDEC MS—-012 variation AC.

Interlead flosh shall not exceed .017 (0,43) per side.
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MECHANICAL DATA

DW (R-PDSO-G16) PLASTIC SMALL—OUTLINE PACKAGE

0.413 (10,50)
0.398 (10,10}

16 9

AHHHAHAAA '[

—_—P

F 3

_"\§ 0.419 {10,63)
\ 0.393 (9.97)
\ 0.299 {7,60)
\ 0.291 (7,40)
EELEERRRE
i 0.020 {0.,51)
:::gel Area 0,050 (1.27)] 0.012 {0,31)

o

i

Y
¥ '-—i J \ } L
—0.104 (2,65) Mox 0.012 (0.30)

0.004 (0,10)

S /}\
f’ :ﬁ\ !
] —F— Seating Plune
\_/

Gauge Plane —*— =

T

0.010 (0,25)

-8

0050 (1,27)
0.016 {0,40)

4040000-2/F 06/2004

NOTES: A, All lineor dimensions are in inches (miliimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falls within JEDEC MS-013 voriation AA.
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MECHANICAL DATA

NS (R-PDSO-G™) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

S

HHHHHHHA
1| e

l Gage Plone

D|¢

A
[ e h

L 2,00 MAX RN

PINS #=

DIV 14 16 20 24

A MAX 10,50 10,50 12,50 15,30

A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES:  A. All linear dimensions are in millimeters.
B. This drowing is subject to change without nolice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All preducts are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

T1 warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumeas no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not wamrant or represent that any license, either express or implied, is granted under any Tl palent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI praducts or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a thirg party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of T1.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can abtain information on other Texas Instruments products and application
solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www ti.com/automotive
08P dsp.ti.com Broadband www.ti. com/broadband
Interface interface. ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.li.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontrolier.ti.com Security www.ti.com/security
Low Power Wireless  www.ti.com/lpw Telephony www.ti.com/ftelephony
Video & Imaging www.ti.comivideo
Wireless www li.com/wireless
Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265

Copyright © 2006, Texas instruments Incorporated
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