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Electrocardiogram Monitoring and Processing Unit

Mr Krittanai Rungsombutpornkul 1D:47010020
Ms. Orakarn Anussornrajkit ID:47010949
Asst.Prof.Dr.Chuchart Pintaviryj Adviser

Education Year 2007

Abstract

This thesis concerns about the design and construction of wireless Electrocardiogram (ECG)
Monitoring system. The system detects the Electrocardiogram (ECG) and displays the output
signal on PC. The wireless Electrocardiogram (ECG) uses the Programmable System on Chip
(PSoC) Microcontroller to convert the analog signal to digital signal and uses the ET-RF24G V1
RS232 wireless module to sent the data to PC . Moreover we use notch filter to reject 50Hz
frequency . Monitoring the Electrocardiogram signal uses C++ Builder to build the monitoring

application .
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2.2.3.1 upunaniumsiszaananaz MsnIugi ( PSoC Core)
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317 2.11 PSoC Core
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- 32 KHz Crystal Oscillator %39 ECO (iluTvuamsiauvesassuiindayain
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UM 2.12 Digital System

2.2.3.3 Analog System
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‘g‘.ﬂﬁ 2.13 Analog System

2.2.3.4 System Resources

udauveminenssninwlussuudwsazdnvesszyliTasaou nsmes
ansaaaaoneny lakuFmdmia (System Bus) dutlsznotaay
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4) TC é’nw%’umséamiﬁmgﬂuuu e

5.) POR tag LVD f?mﬁ'"umuﬂuszuu"%’xcffmm:izumnaﬁﬂuwﬁmmﬁu"l‘whﬁyﬂw“h
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6.) Internal Voltage Reference t33audadanioly amsasmualdmuiluamsediu
savanwluliuniaes ADC  wiedsAussiudedeen lugundyaaie
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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] , O[1}, Analog Input Input/Output
PO[2]-P0O[5] Port 0[2] , O[3] , O[4] ,0[5] , Analog Input/Output Input/Output
PO[6]-PO[7] Port 0[6] , O[7] , Analog Input Input/Output

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

P1}1] Port 1[1] , XTAL In/SCLK/I’C SCL Input/Output

P1[2] Port 1[2] Input/Output

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

P1{4] Port 1{4] , EXTCLK Input/Output

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

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

P1[7] Port 1[7], I'C SCL Input/Output
P2[0]-P2[3] Port 2[0] ,2[1] ,2[2] , 2[3], Non-Multiplexed Analog Input Input/Cutput

P2[4] Port 2[4] , External AGND Input/Output

P2[5] Port 2[5] Input/Qutput

P2[6] Port 2[6] , External VREF Input/Output

P2[7] Port 2[7] Input/Qutput

P3[0]-3[7] Port 3[0] ,3[1] ,3[2] ,3[3] ,3[4] ,3[5] .3[6] ,3[7] Input/Output

P4[0]-4[7] Port 4[0], 4[11, 4[2], 4[3], 4[4], 4[5}, 4[6], 4[7] Input/Output

P 5[0]-5[3] Port 5[0], 5[1], 5[2], 5[3] Input/Output

3198 2.2 vinasdduiiunsfmusndyanannasginaes PSoC

ec{’f (=1 o ' 3 v o red
luTasaeu Insamestuuesidnuaziues naiurusanuiiavesoieey 1y

NdY MUY I e luaisan 2.2
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2.2.3.6 33N WUATYYIMUIWN (Oscillator)
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A 9 o a P dy 9 1 [
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o v wd = @ a
luTasneuInsames Plo] ; Pl1] Ysznounuduninlszgninniouendn 2 Aanagli
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gﬂﬁ 2.15 M3AD Crystal Oscillator 32 KHz 1911 PSoC
2.) Oscillator Module : 1iu Tugasuiannuaansamauiinud 1MHz - 24MHz Tag
Aor1uMev P4] aanaaslugili 2.16 lulasaouInsameses ldanudnteudnnn
¥
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2.16 Oscillator Module

2.2.3.7 MI31UA (Reset)
ydyarasaavedlylnsneulnsaiess . PSoC  m5pM  XRES  ziieglu
s ' Y v oAa 2 1t o = = a 2 yya
Aou InsalmoI NNy nduguiRtving 8 1 ddve lulvdyanmdd nsswassinadu Ao
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1&5uaotn “17 nioussau Iwitos +sv daiuraesTmaisaansoudaglaazili 2.17
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‘g"“lj“l’l 2.17 MIADVITLBALVINY PSoC
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2.2.3.8 psllsunsadeyaringinlulasaeulnsames (In-Circuit Program Interface)
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dnvaz 1sP Tavhidesneafwesnvinueia ndaanadmiums Tsunsulseneudae
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wlaoudoyaliunuvuuuddalwlyTas Tswensesilszutanade 1) Tuszou
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asurump Tl dsudeyasunsuilustnuuazaldouteyavunuilueynsuSoai UART

(Universal Asynchronous Receiver Transmitter) Lfluﬁagﬂﬁ 2.18

Senal Receiver
Senal Transfer
jali}
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o Fu
7 Parallel Transfer
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2.3.2 pliwumisdemsveya
1 ¥ T
miffemsteyasznindriunazddaniniiva1eds dndduimihndediube
@ W o { o T 1 4 = =3 o @ ar as
uazAs Ui minRsved1uf G un M Femsuuugumand (Simplex) d1MnAITLUAZAY
v [ v W 9 18 [ v A ] y o =] o
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79 fu
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N fu
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ol avic, 7
AL 24
fu % N
Full Duplex
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Fu a4

‘;jllﬁ 2.19 ms%"am'a%’aymmu Simplex , Half duplex a1 Full duplex
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1 v 9 g 1 o '
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15 < U v ° @ = @ 1y Yt 1 1w oAaA " &2 A
quﬂﬂﬂﬂllﬂ%$1%ﬂ1§ﬂ1ﬁuﬂﬂﬂi1!5’]11”]155‘]Jﬁﬂ‘ij’ﬂlal.ﬂclﬁuﬂﬂﬂ'lﬂuﬂﬁﬂﬂ’ﬂ Baud rate ©$31

wiheiludadeduni (bit per second: bps)

2.3.3 M3AAAD PSoC M RS-232

dmsumsdemsuuveynsuihuiuy  Asynchronous msdausazsevazlsznov'ly
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. . 1ag . o 4
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2.3.4 MATFIUNDIADYNFUIVY RS-232
MIATTIUMTIFEUARBIIOYNTY RS-232 HuNIAsgIURAIMAsIUTBaNUULN WD
v
T lumsdsdoyaoynsuunuozdalasia 2 A Taowiasgie RS-232 lusdAatiugn
A 0 ¥ A o 4 = ' ~ A A o 9
panuuIedrhudayananeuiumes i Tuduitssedudon  onzihdeyasn
=] Ed A 1 Y [ a o=t & & 1 @
Tuauil Aeensriumo Insandt llfaneuianasonyanils¥sagrialnaniy Tay
A ' ad a d o
AMENTIUNITNITUNTI TUIANYATIVNTINDIANNTOUNT (Electronic Industries Association:
9 Aoad A 1 dy 1 9 =] g 3
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-12 V uarashiidoya (Mark) taz +3 9 +12v uaasiniduresiamnasgiu Rs-232 Téimua
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gﬂumummqﬂﬂmﬁﬂme%uﬁa (Data Terminal Equipment :DTE)
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2.3.5 M3WOUABHUNOINOYNTNUBINDNNIUADS
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RS-232 wip IannsanieTaudoyadeiu'ld

2.3.6 ADMITININBI NI LMD 3N RS-232 HAZAISI¥ONAD

4 1 o ar Y
MAsTIUNIIFeUABNUIY RS-232 v ldneuiinmaiiuiuy DB-25 dfnie DB-9 @f

Y
4 < J = 1 ~ oA LY o
FanoulnasuUY DB-25 vzlivideldnmiies 9 @umiReinunaauinmesiiy DB-9
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519 2.21

QU

DB3Y Male Connector DB3 Fale Male Connector

~ 3 do A a9
Eﬂ“ﬂ 2.21 uﬁﬂqﬂamuﬂmmmmmmxmmm DB-9

Signal Ground......... GND —5
Ring Indicator ... .. RI W —s 9
Data Terminal Ready.DTR 0ut «— {
Clear To Send ... _. CTS H——
Transmit Data ........ TXD 0ut «— 3
Request To Send..... RTS Our «—— 7
Receive Data ... . __ RXD W — 2
Data Set Ready ...... DSR W —— §
Carrier Detect........ pcp w— ]

~ @ =]
51001 2,22 MITAVIVDIADUITNIAD T WOTAOYNTUATLLINTTIY RS-232 1111 DB-9
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TXD < T TXD
RXD S ——— RXD
acerdi —RTs I
CTS — | |
DSR ™

~ ' o v ¢ a s
3UM 223 MIADQUNINMOUSNNUNDIADYNTUUDINDUN NN DS

1 RS-232 Tnaldmedynnaiiios 3 idu

c1+ 11~ 16 [Ovee
v+ [ 1 GND
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Ve [ 1 TR1IN
TR20UT [ ] TR2IN
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2.4 RS232 to RF-Wireless (RF2.4GHz) CONVERTER iu ET-RF24G V1.0

317 2.25 R$232 to RF-Wireless (RF2.4GHz) Converter

2.4.1 anvazlasnahl
ET-RF24G V1.0 1ius@ Signal Converter dnsuldftii/asdayanassriing Rs232 uag
RF-Wircless laoTuTvuamsmauvesmsdadaya (Transmitter) wzshmiifisesudoyanin
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1. ﬁauﬁmgmflu Differential Mode ALNﬁuq\‘IQ{ﬂ 10 mV
PP
[ " Y a Y
2. fl'luﬂnﬁﬂﬂu!B1ﬂﬂﬁhlﬂﬂi$u1m 7V
pp
Ad=Vo/Vin=(7V )(10mV )=700
PP PP

sadayanai 1l udagl 4.2 Taodayana Channel 2 §udunm 1Az Channel 1 Fuominn
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317 4.2 WaR13NAABY Differential Mode YoIdUdRFHUMFUUONNAY DS

3. oudunniilu Common Mode 113 38 ugagalTEu1 10mV
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1 1 o o v
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= 20 log (700/0.2)
=70.88 dB
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4.2 7393038 VVMIAUOVAIIND (Notch Filter)
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WAN1INAAB42393 Notch Filter NANNAA q fad)eu Vin=1 Vpp fnotch= 50 Hz

AMUT F (Hz) U IAUDTINN (V,) Vv, A (dB)
20 0.95 0.95 -0.44
25 0.91 0.91 -0.81
30 0.90 0.90 -0.91
35 0.84 0.84 -1.15
40 0.72 0.72 -1.85
45 0.60 0.60 -4.43
50 0.28 0.28 -11.05
55 0.64 0.64 -3.87
60 0.76 0.76 -2.38
65 0.86 0.86 -1.31
70 0.90 0.90 -0.91
75 0.94 0.94 -0.53
80 0.94 0.94 -0.53
85 0.96 0.96 -0.35

- 90 ' 0.96 0.96 -0.35
o5 0.96 0.96 -0.35
100 0.96 0.96 -0.35
105 0.96 0.96 -0.35
110 0.96 0.96 -0.35
115 0.96 0.96 -0.35
120 0.96 0.96 -0.35
130 0.96 0.96 -0.35
140 0.96 0.96 -0.35
150 0.96 0.96 -0.35

P51 4.1 LAAINANITNAADII4T5 Notch Filter AAUDAG )
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F{Hz)

Frequency Response
0 ¥ T T

18 w0 ﬁ\;‘.{‘ 40 50 80 FpUH o0 100 110 120 130 140 150 160

o
254
-4

b

i

[

Av(dB)
@ ~

B LI,
- o
1 1 1
=T

gﬂﬁ 4.6 IARIHAMIADTAUDIA LA V1T ARNMLAAI 9
minﬁmm1n5uvuﬁﬁmmummﬁﬁmsﬁmaﬁ’ﬁﬁﬁmﬁﬂm Quality Factor (Q)
Lﬂuﬁwﬁuaﬂﬂmmwmmmsﬁﬁ'ﬂnmnmmﬁmanws F129038M Q ganaaai st
SavuaInnsossan T ludesns 14a
NISAIUIUAT Quality Factor (Q)
Quality Factor (Q=nBNABINIMIANAATIVB I -3 dB(Band Width)
=50/(59-41)
=2.78
4.3 m3nseannuadmuInely LPF User Module (2 Order)
LPF #13unsnaneas 14l PSee Micocortrolier Tati3on31 LPF User Module (2
Order) #901/UMENN13UD9 Switched Capacitor Tﬂaalumi'v‘imu"lﬁﬁwmsﬁyaﬁwhmunzwami

naaouiludszilii 4.7 uag 4.8

- Filter Parameters

Feormer (H2): [100 Filter Type: [Butterworth R
; Feampte (H2): [14000 ‘
Gain {dB): iGG
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~Calculated Values Low Pass Frequency Response
Damping Ratio (d}: 1,418 » 1 w00 b L
Calculated d: 1,445
fs
Scaled £0: 106
Gain (W) 1
Calc Gain {C1/C2): 1
c1: 1 -
c2: 1 g
o3 &
T3 2 a
C4: 31 S
CA: 32 |
CB: 3z
't
Divide by n: 425 100 .
Column Clock {Hz): 56000
28 ]
Ovearsample Ratio: 146 Freq(tz)

1 £
31171 4.7 35M3daA 1989 LPF User Module
] ¥ T
1318%11n13219 LPF User Module 4827110136381 1a8m 31914 Filter Design Wizard 1182
1 4 ]
MIMIAIMUART corner frequency (fe) 7l 100 Hz uaginisAsa €2,C4 iWoirlvin1 d (damping
. Ao et 9 o o v . - o o’g ¥ 3 o
ratio) A 1ATA IndIRBIN N d (damping ratio) ARIARU TNTaA@esAelY Al ihins
= LY A 3 3 £ o @ o ﬂ 1 '
Houdunnlavlinidaua 20 Hz- 1360 Hz Fammuaussausuwnily imv uazeium
as 4 A o [~} = P e a M g a
ussnumnmesnu o maeans sy ldhdgyganldsuntlaavseanasiin

anuddszana 90 Hz w3aniimsaaneudyaiu -3 dB lasasavaeu ldnngilng

f(Hz) Av(dB)
20 -0.15
40 -0.28
60 -0.62
80 -1.52
100 2.92
120 47
140 -6.64
160 -8.46
180 -10.31
200 -11.94
220 -13.51
240 -14.8
260 -16.24
280 17.45
300 8.7
320 19.65
340 -20.68

GITEN“Vd] 4.2 HANTIVIAADIVAN LPF (2 Order)
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] 1!
Pot 1.7 PI7] - StdCPU ‘HighZ  Disablelnt
Port.2 0 P20} SdEPU. HighZ = Disablelnt
| Poit2_1 P[] Analoging HighZ .| Disablelnt
Pot_2 2 F2[2] SWCPU [HighZ
'boi't_z_aj'ﬁz)[s} SCPU [ D Fioh
Port_2.4 P2[4]  StdCPU |Open Drain Low
Poit_2 5 P2} “StdcpU | Lol Do
Pot 2 6 P2[6]  StdCPU
Pot 2.7 P27]  StdCPU

Strong Slow

l‘ P

31 4.11 mafmuanesa p2.1 flusundendunnuuuduwndufivauggs
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o =Y o
NIINTHUANITIUNDT Global Resources

i

| CPU_Clock 24_MHz [SysClk/1)

| 32K_Select Internal

| PLL_Mode Disable

| Sleep_Timer 512_Hz “r

| VC1=SysClk/N 4 :«g ‘

| ve2= VeI 3 o

| ¥C3 Source vC2
W3 Divider 39

| SysClk Source Interal

SysCik=2 Disable ~ No

[ Analog Powes SC On/Ref Low

| Ref Mug [V dd/2)+/-[V dd/2) .

‘, AGndBypass Disable 4
Op-Amp Bias Low =
A Buff_Power Low

| SwitchM adePump OFF

311 412 M3fuuANIs1MD3 Global Resources

V C; [ ° a Vs
4.4.2 whiimsmnuezmsmsuamiimeshinuluga
o = o an a
Tuga DELSIGS i Tugamlasdumpueindeniludyanuaineavuia s in doya
W ldvziludyanuaiaeaiiiy 2’ Complement Ta10g1u423 127 -0 -> <128 151d001A N

Vv o 9 o‘j o 1 ] 9 (] 4 9
T&uimsuasliiduuuy 12 Complement M1MinTAIM 14 deoonnesa PO uaaInadY

LED 8 A3
[DELSIGE 1 : ' I
User Hfodut_e'i?érametér's'_  Value .
TMR Clock vel ]
Input Port_2 1
ClockPhase MNormal
Palling Enable

U7 4.13 mssmuawisiines 19MI TugaDELSIGS |

v Y
15800 1% Clock Ain VC1=24MHz #9111518M3150A11I%UA1 Sampling Rate JA#37]

Sampling Rate = 6MHz/256 = 23.437 ksps
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| Port_0_0 PO[0] StdCPU  Strong  Disablelnt
| Port_0_1 PO[1) StdCPU  Strong  Disablelnt
Port_0_2 PO[2] StdCPU  Strong  Disablelnt
|Pot_0_3 PO[3]  StdCPU Stiong  Disablelnt
| Port_0O_4 PO[4] StdCPU  Strong  Disablelnt
| Port_0_5 PO[5] StdCPU  Strong  Disablelnt
Port_0_6 PO[B] StdCPU - Strong ~ Disablelnt
Pot_07 PO[7]  StdCPU Stong  Disablelnt
| Port-1.0 P1[0] - StdCPU  HighZ ~Disablelnt
:]Pon_u P11} StdCPU  HighZ — Disablelnt
|Po_1.2 P1[2] ~ 'StdCPU. HighZ ~Disablelnt
Pot_1.3-P1[3]  StdCPU 'HighZ  Disableint
|Port_1.4 P1[4)  StdCPU HighZ = Disablelnt
{Pot.1.5 P15]  StdCPU  HighZ ~ Disablelnt
{Por 1.6 StdCPU  HighZ  Disablelnt

= o o o 9y :
31 414 Fmsdmuaneia Po 1 Drive 111 Strong

o
Rl Ul Analog Input
2 1 7
g g 21 oy 220y | 32
! 4.4 poryy P |
. ” 3 g s | A bﬂ
N S| POG) P03) | i
> d 0| PO P2aYERAGNDIn |
7 2| PO Sid o
P =1 | Po®) | PMSVEMVRERR | -
T N | P P07 | o—
3% i, 13| PIoXIouSDATA Picy) |17
B4 ~ TP PO Xl SCLK P | o5
. N 2 (B g i
& | == P13 PHCT) |t
D:” BRST 19 | ymEs S\ |2
R? LY
3 N M1 yss vee |22
390 Ds, S E AN W) 3
“ =
5& H GND
Dé
R7 ' o
390 D7
- S
D8

31U 4.15 29950 1Flumsnanes
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4.4.3 waminaasamamlasdyanamndeniludyaauainea

usefu Vin Anavg 2 718 ANAYFIU 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 00110100 52
2.0 01000000 64
22 01011000 88
24 01100000 96
2.6 01110000 112
2.8 10001000 136
3.0 10101100 172
3.2 10111000 184
34 11001100 204
3.6 11100000 224
X, 11110100 244
40 I 255
42 1111111 255
44 I 255
46 L 255
48 RERREEN 255
5.0 111111 255

L s =1 3 @ an
A1319% 4.3 Hamanaaesmsulasdyaueudeniudysudiaea

70



vt ldnmsulasdyanuemndeniludyauainealas  ADC  Delta  Sigma
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DELSIGS (i1 Tugaulasdaguemnaeniludygiaaineaviin 8 in

f1 Sampling Rate = 6MHz/256
=23.437 ksps

Howadt IRexiudaanaaineaiiiiu 2’ Complement Hmaglugig +127 S -128 151deaih
ari lauwimsuaslifidlusuy 1 Complement Tnemsilda iy 0-255 Aaemsuindlen
128 92y I 1daiiIuT’ Complement éadam 1a1¥uaawaf LED duilu 0 LED vzdia &1
fu 1 LED vwsiuifie1ninisidonyi Common Anode fa31lfi 4.15 s1uawaziiuiinrit1dd

P
A1 1NN 4.3

4.5 msadaveyanuvaynsuruluga ET-RF24G V1.0

”"T_"’-“?‘f‘i_ B e | TodsemkNabe 08307 »
Samphng Rate . e ; B Carert Sample Number” 1023,
3200 ms ~ oy g I
Thieshoid E 12810 1271
- B

U 4.16 dygui Tdanmsaerume RS232
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|4 ECO Monitoring

310t 4.17 Fyapain idnnnsdadig ET-RF24G V1.0 (150)
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CODE PSeoC
I

/1 C main line

1

#include <m8c.h> // part specific constants and macros
#include "PSoCAPLK" // PSoC API definitions for all User Modules
#include "ioport.h"

#include "delay.h"

void delay2us(unsigned int d)
{
unsigned int t;
for (t=0;t<=16*d;t++)
{
asm("'nop"');
asm("nop");
H
}

void main()

{

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

char SamplingData;

MS8C EnableGInt;

DELSIGS8_1_Start(3);



DELSIGS_1_StartAD();

Counter16_1_Start();

PGA_1 Start(3);

LPF2_1_Start(3);

My _UART 1 Start{UART_PARITY_NONE);
SetBitl_0;

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<<8)+RxLowByte;

SampleNum=0;
while(SampleNum<=SampleNumMax)
{
ClrBitl_0;
if(DELSIGS 1 fIsDataAvailable(})
{
//SamplingData=DELSIGS8_1_cGetDataClearFlag(};
if(SamplingData<=128)MyData=SamplingData+127;
else MyData=SamplingData-127;
My UART_1_ SendData(DELSIGS8_1_cGetDataClearFlag());

while(!(My_UART_1_bReadTxStatus()& UART_TX COMPLETE));



if(SR!=0) delay2us(SR);
/A(SR!=0) Delayl mS(SR);
SampleNum-++;

}

SetBitl_0;

}



PSoC® Mixed-Signal Array

Final Data Sheet

CY8C27143, CY8C27243,

CY8C27443, CY8C27543, and CY8C27643

%—? CYPRESS

PERFORM

Features

B Powerful Harvard Architecture Processor

MBC Processor Speeds to 24 MHz
8x8 Muitiply, 32-Bit Accumulate
tow Power at High Speed

3.0 to 5.25V Operating Voltage

aaQao

Chip Switch Mode Pumg (SMP)

a

M Advanced Peripherals (PSoC Blocks)

O 12 Rail-to-Rait Analog PSoC Blocks Provide:

- Up to 14-Bit ADCs
- Up to 9-Bit DACs

Operating Voltages Down to 1.0V Using On-

Industrial Temperature Range: -40°C to +85°C

Precision, Programmable Clocking

3 Internal 2.5% 24/48 MHz Oscillator

O 24748 MHz with Optional 32 kHz Cryslal
0 Optional External Oscillater, up to 24 MHz
3 Intenal Oscillator for Watchdog and Sleep

Flexible On-Chip Memory

O 18K Flash Program Storage 50,000 Erase/
Write Cycles

256 Bytes SRAM Data Storage

In-System Serial Programming (ISSP)
Partial Flash Updates

Flexible Protection Modes

EEPROM Emulation in Flash

Quooo

R Additional System Resources

0 1PC™ Siave, Master, and Multi-Master to
400 kHz
‘Watchdog and Sleep Timers
User-Configurable Low Voltage Detection
Integrated Supervisery Circuit
On-Chip Precision Voltage Reference

agcoo

L]
(%)

omplete Development Tools

Free Development Software

{PSoC Designer™)

Full-Featured, In-Circuit Emulator and
Prograrmmer

Full Speed Emulation

- Programmable Gain Amplifiers

- Programmabie Filters and Comparators
O 8 Digital PSoC Blocks Provide:

- 8 to 32-Bit Timers, Counters, and PWMs

- CRC and PRS Modules

- Up to 2 Full-Duplex UARTs

- Multiple SPI™ Masters or Slaves

- Connectable to alt GPIO Pins
O Complex Peripherals by Combining Blocks

|
v

400 Q0

rogrammable Pin Configurations

25 mA Sink on all GPIG

Pull up, Pull down, High Z, Strong, or Open
Drain Orive Mades on ali GPIC

Up to 12 Analog Inputs on GPIO

Four 30 mA Analog Outputs on GPIO
Configurable interrupt on all GPIO

System Bus:- L

\

Complex Breakpoint Structure
128K Trace Memory

Qg o 0O

PSoC® Functional Overview

The PSoC® family consists of many Mixed-Signal Array with
On-Chip Controiler devices. These devices are designed to
replace multiple traditional MCU-based system components
with one, low cost single-chip programmable device. PSoC
devices include configurable blocks of analeg and digital logic,
as well as programmable interconnects. .This architecture

cbal Digital Interconnect
F Global Anslog interconnect
- SRAM allows the user to create customized peripheral configurations
256 Bylos SROM | Flash 16K that match the requirements of each individual application.
= Interrant _4 CPUCore(MBC) o) Sleep and J .j Additionally, a fast CPU, Flash program memory, SRAM data
Pl . Watchdog memory, and configurable IO are included in a range of conve-
T [ A nient pinouts and packages.
‘ Multiple Clock Seusces . .

# (includes MO, ILO, PLL, and ECO) The PSoC architecture, as illustrated on the left, is comprised of
four main areas: PSoC Core, Digital System, Analog System,
DIGITAL SYSTEM ANALOG SYSTEM 4 and Sy;tem Resources. Conﬁgurgble globa! busing allows all
pom the device resources to be combined into a complete custom
IJ system. The PSoC CY8C27x43 family can have up to five 10
- f;'ltg:: - A;_"'O’? 4 ports that connect to the global digital and analog interconnects,

| Ay N‘::y —"':I"—P""‘ providing access tc 8 digital blocks and 12 analog blocks.

alo
<-l Inpuv.9 )‘H
Muaing The PSoC Core
3 —t 3 'y Y o 3 3 ;I;I:e :Q;Sto_([;hCorer is_ alpgwerﬁg ;Bgine that sulppcl:rts a c:ich f?a-
’_LL ¥ ' ¥ ' ' e l éplg cg e mclupes a , memory, clocks, and config-
| o . SprerTvy | P Brenin urable (General Purpose 10).

Clocks | | Accum., | [Pecimator) [ 12C oo Rovats Valage bayied The MBC CPU core is a powerful pracessor with speeds up to
SYSTEM RESOURCES 24 MHz, providing a four MIPS 8-bit Harvard architecture micro-
October 26, 2006 © Cypress Semiconductor Corp. 2002 - 2006 — Document No. 38-12012 Rev. *K 1
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processor. The CPU utilizes an interrupt controller with 17 vec-
tors, to simplify programming of real time embedded events.
Program execution is timed and protected using the included
Sleep and Watch Dog Timers (WDT).

Memory encompasses 16K of Flash for program storage, 256
bytes of SRAM for data storage, and up to 2K of EEPROM
emulated using the Flash. Program Flash utilizes four protec-
tion levels on blocks of 64 bytes, allowing customized software
IP protection.

The PSoC device incorporates flexible internal clock genera-
tors, including a 24 MHz IMO (internal main oscillator) accurate
to 2.5% over temperature and voltage. The 24 MHz IMO can
also be doubled to 48 MHz for use by the digital system. A low
power 32 kHz ILO (internal low speed oscillator) is provided for
the Sleep timer and WDT. If crystal accuracy is desired, the
ECO (32.768 kHz external crystal oscillator) is available for use
as a Real Time Clock (RTC) and can optionally generate a crys-
tal-accurate 24 MHz system clock using a PLL. The clocks,
together with programmable clock dividers (as a System
Resource), provide the flexibility to integrate almost any timing
requirement into the PSoC device.

PSoC GPIOs provide connection to the CPU, digital and analog
resources of the device. Each pin’'s drive mode may be selected
from eight options, allowing great flexibility in external interfac-
ing. Every pin also has the capability to generate a system inter-
rupt on high level, low level, and change from last read.

The Digital System

The Digital System is composed of 8 digital PSoC blocks. Each
block is an 8-bit resource that can be used alone or combined
with other blocks to form 8, 16, 24, and 32-bit peripherals, which
are called user module references.

Digital peripheral configurations include those listed below.
PWMs (8 to 32 bit)

PWMs with Dead band (8 to 32 bit)

Counters (8 to 32 bit)

Timers (8 to 32 bit)

UART 8 bit with selectable parity (up to 2)

SPI slave and master (up to 2)

12C slave and multi-master (1 available as a System
Resource)

m Cyclical Redundancy Checker/Generator (8 to 32 bit)
m IrDA (up to 2)

m Pseudo Random Sequence Generators (8 to 32 bit)

The digital blocks can be connected to any GPIO through a
series of global buses that can route any signal to any pin. The
buses also allow for signal multiplexing and for performing logic
operations. This configurability frees your designs from the con-
straints of a fixed peripheral controller.

Digital blocks are provided in rows of four, where the number of
blocks varies by PSoC device family. This allows you the opti-
mum choice of system resources for your application. Family
resources are shown in the table tited “PSoC Device Charac-
teristics” on page 3. %

The Analog System

The Analog System is composed of 12 configurable blocks,
each comprised of an opamp circuit allowing the creation of
complex analog signal flows. Analog peripherals are very flexi-
ble and can be customized to support specific application
requirements. Some of the more common PSoC analog func-
tions (most available as user modules) are listed below.

®m Analog-to-digital converters (up to 4, with 6- to 14-bit resolu-

[ort 5] Fort 3 [romt] : v
[Fo 4 o) —— (Pt 0) R tion, selectable as Incremental, Delta Sigma, and SAR)
# m Filters (2, 4, 6, and 8 pole band-pass, low-pass, and notch)
DigitalClocks ~ To SystemBus  ToAnalog m Amplifiers (up to 4, with selectable gain to 48x)
FromCore System = Instrumentation amplifiers (up to 2, with selectable gain to
93x)
DIGITAL SYSTEM m Comparators (up to 4, with 16 selectable thresholds)
m DACs (up to 4, with 6-to 9-bit resolution)
5| Row 0 4 ?ﬁ’ m Multiplying DACs (up to 4, with 6- to 9-bit resolution)
§ é go ] :igh current output drivers (four with 30 mA drive as a Core
o " ﬁ - esource)
e} ) O m 1.3V reference (as a System Resource)
1) — e -—— 1e m DTMF Dialer
is " 138 m Modulators
E% §§ m Correlators
x o 4, 13 &
= =1 m Peak detectors
m Many other topologies possible
\———— 687:0] ——{ Giobal Digtal GO 0] s
— GIO[7:0] =] Iterconnect b coo[7:0) P
Digital System Block Diagram
October 26, 2006 Document No. 38-12012 Rev. *K 2
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Analog blocks are provided in columns of three, which includes
one CT (Continuous Time) and two SC (Switched Capacitor)
blocks, as shown in the figure below.

7 gy g P8
g g Lo
R3] | ﬁ‘ ROg2)
L) Ry I —ag— PO
c
g‘— ]
P23 ——— p
(=]
é*— P2(4]
P21 —a— P22
.
= | ==
= by
Array Input Configuration
: ACIO[1:0] ACI1[1:0 ACI2[1:0 ACI3[1:0
|
' -
| ] J Block Arrayy y
| - Hio# Acsoo B Acsot Acs2 | AcB03
Il
¥ Ascio B AsD11 ASC12 [ ASDI3 FH
|
| : asteo B Asc21 ascez [l Asczs 41 |
I I Y i - =
e} i w8
I
Ly
I
L

A

MBC Interface (Address Bus, Data Bus, Bc.)

Analog System Block Diagram

Additional System Resources

System Resources, some of which have been previously listed,

provide additional capability useful to complete systems. Addi-

tional resources include a multiplier, decimator, switch mode
pump, low voltage detection, and power on reset. Statements
describing the merits of each system resource are below.

m Digital clock dividers provide three customizable clock fre-
quencies for use in applications. The clocks can be routed to
both the digital and analog systems. Additional clocks can be
generated using digital PSoC blocks as clock dividers.

m Multiply accumulate (MAC) provides fast 8-bit multiplier with
32-bit accumulate, to assist in general math and digital filters.

m The decimator provides a custom hardware filter for digital
signal processing applications including the creation of Delta
Sigma ADCs.

m The 12C module provides 100 and 400 kHz communication
over two wires. Slave, master, and multi-master modes are
all supported.

m Low Voltage Detection (LVD) interrupts can signal the appli-
cation of falling voltage levels, while the advanced POR
(Power On Reset) circuit eliminates the need for a system
supervisor.

m An internal 1.3V reference provides an absolute reference for
the analog system, including ADCs and DACs.

® An integrated switch mode pump (SMP) generates normal
operating voltages from a single 1.2V battery cell, providing a
low cost boost converter.

PSoC Device Characteristics

Depending on your PSoC device characteristics, the digital and
analog systems can have 16, 8, or 4 digital blocks and 12, 6, or
4 analog blocks. The following table lists the resources
available for specific PSoC device groups.The PSoC device
covered by this data sheet is highlighted below.

PSoC Device Characteristics

‘ g3

=
cveczaxes | VP | 4|16 |12 | 4 | 4 |12 | 2K |3k
cvecarxas | Bl 2 |8 [ 12| 4 | 4|12 Bﬁgs 16K
CY8C24x04 2 | 1 | 4 |4 | 2| 2] 6] 1k |
cvecaaxza | YBlf 1 | 4 [12| 2|26 Bzyfess 4K
cvecaaxzaa |0° [ 1 | 4 |12] 2 | 2|6 Bzyfgs 4K
cvecznas | Bl 1 | 4 | 28| 0| 2 |4 Bf;l:s 1 8k
CY8C21x23 6 | 1 |4]8]o]2]ae Bﬁgs 4K

up to p | 512
CY8C20x34 28 0 0 (28] 0 0 | @ Bytes 8K

a. Limited analog functionality.
b. Two analog blocks and one CapSense.
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Getting Started

The quickest path to understanding the PSoC silicon is by read-
ing this data sheet and using the PSoC Designer Intearated
Development Environment (IDE). This data sheet is an over-
view of the PSoC integrated circuit and presents specific pin,
register, and electrical specifications. For in-depth information,
along with detailed programming information, reference the
PSoC Mixed-Signal Array Technical Reference Manual.

For up-to-date Ordering, Packaging, and Electrical Specification
information, reference the latest PSoC device data sheets on
the web at http.//www.cypress.com/psoc.

Development Kits

Development Kits are available from the following distributors:
Digi-Key, Avnet, Arrow, and Future. The Cypress Online Stcre
contains development kits, C compilers, and all accessories for
PSoC development. Go to the Cypress Online Store web site at
http:/iwww.cypress.com, click the Online Store shopping cart
icon at the bottom of the web page, and click PSoC (Program-
mable System-on-Chip) to view a current list of available items.

Technical Training

Free PSoC technical training is available for beginners and is
taught by a marketing or application engineer over the phone.
PSoC training classes cover designing, debugging, advanced
analog, as well as application-specific classes covering topics
such as PSoC and the LIN bus. Go to hitp://www.cypress.com,
click on Design Support located on the left side of the web
page, and select Technical Training for more details.

Consultants

Certified PSoC Consultants offer everything from technical
assistance to completed PSoC designs. To contact or become a
PSoC Consultant go to http://www.cypress.com, click on Design
Support located on the left side of the web page, and select
CYPros Consultants.

Technical Support

PSoC application engineers take pride in fast and accurate
response. They can be reached with a 4-hour guaranteed
response at hitp://'www.cypress.com/support/login.cfm.

Application Notes

A long list of application notes will assist you in every aspect of
your design effort. To view the PSoC application notes, go to
the http:/imww.cypress.com web site and select Application
Notes under the Design Resources list located in the center of
the web page. Application Notes are sorted by date by default.

October 26, 2006
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Development Tools

PSoC Designer is a Microsoft® Windows-based, integrated
development environment for the Programmable System-on-
Chip (PSoC) devices. The PSoC Designer [DE and application
runs on Windows NT 4.0, Windows 2000, Windows Millennium
(Me), or Windows XP. (Reference the PScC Designer Func-
tional Flow diagram below.)

PSoC Designer helps the customer to select an operating con-
figuration for the PSoC, write application code that uses the
PSoC, and debug the application. This system provides design
database management by project, an integrated debugger with
In-Circuit Emuiator, in-system pregramming support, and the
CYASM macro assembler for the CPUs.

PSoC Designer also supports a high-level C language compiler
developed spegcifically for the devices in the family.

i i Context
RSoC o ataee (| sensie
Designer Help
=
o
o
£
E
o
[&]
importable
Design <:>
Database
Device PSoC
Database <:> Canfiguration
PSoC Sheet
Application Designer
Database Core
Engine Manufacturing
Project <:> information
Database @ - File
User
Modules <:>
* Library

g
e

Emulation Cj In-Circuit C:‘>
Pod Emulator Programmer

PSoC Designer Subsystems
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PSoC Designer Software Subsystems

Device Editor

The Device Editor subsystem allows the user to select different
onboard analog and digital components called user modules
using the PSoC blocks. Examples of user modules are ADCs,
DACs, Amplifiers, and Filters.

The device editor also supports easy development of multiple
configurations and dynamic reconfiguration. Dynamic configu-
ration allows for changing configurations at run time.

PSoC Designer sets up power-on initialization tables for
selected PSoC block configurations and creates source code
for an application framework. The framework contains software
to operate the selected components and, if the project uses
more than one operating configuration, contains routines to
switch between different sets of PSoC block configurations at
run time. PSoC Designer can print out a configuration sheet for
a given project configuration for use during application pro-
gramming in conjunction with the Device Data Sheet. Once the
framework is generated, the user can add application-specific
code to flesh out the framework. It's also possible to change the
selected components and regenerate the framework.

Design Browser

The Design Browser allows users to select and import precon-
figured designs into the user's project. Users can easily browse
a catalog of preconfigured designs to facilitate time-to-design.
Examples provided in the tools include a 300-baud modem, LIN
Bus master and slave, fan controller, and magnetic card reader.

Application Editor

In the Appiication Editor you can edit your C language and
Assembly language source code. You can also assemble, com-
pile, link, and build.

Assembler. The macro assembler allows the assembly code
to be merged seamlessly with C code. The link libraries auto-
matically use absolute addressing or can be compiled in relative
mode, and linked with other software modules to get absolute
addressing.

C Language Compiler. A C language compiler is available
that supports Cypress MicroSystems' PSoC family devices.
Even if you have never worked in the C language before, the
product quickiy allows you to create complete C programs for
the PSoC family devices.

The embedded, optimizing C compiler provides all the features
of C tailored to the PSoC architecture. It comes complete with
embedded libraries providing port and bus operations, standard
keypad and display support, and extended math functionality.

Debugger

The PSoC Designer Debugger subsystem provides hardware
in-circuit emulation, allowing the designer to test the program in
a physical system while providing an intemal view of the PSoC
device. Debugger commands allow the designer to read and
program and read and write data memory, read and write 10
registers, read and write CPU registers, set and clear break-
points, and provide program run, halt, and step control. The
debugger also allows the designer to create a trace buffer of
registers and memory locations of interest.

Onfine Help System

The online help system displays oniine, context-sensitive help
for the user. Designed for procedural and quick reference, each
functional subsystem has its own context-sensitive help. This
system also provides tutorials and links toc FAQs and an Online
Support Forum to aid the designer in getting started.

Hardware Tools

In-Circuit Emulator

A low cost, high functionality ICE (In-Circuit Emulator) is avaii-
able for development support. This hardware has the capability
to program single devices.

The emulator consists of a base unit that connects to the PC by
way of the parallel or USB port. The base unit is universal and
will operate with all PSoC devices. Emulation pods for each
device family are available separately. The emulation pod takes
the place of the PSoC device in the target board and performs
full speed (24 MHz) operation.

October 26, 2006
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LF151
LF251 - LF351

WIDE BANDWIDTH
SINGLE J-FET OPERATIONAL AMPLIFIER

B INTERNALLY ADJUSTABLE INPUT OFFSET
VOLTAGE

B LOW POWER CONSUMPTION

B WIDE COMMON-MODE (UP TO V') AND
DIFFERENTIAL VOLTAGE RANGE

H LOW INPUT BIAS AND QFFSET CURRENT
B OUTPUT SHORT-CIRCUIT PROTECTION

W HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

M INTERNAL FREQUENCY COMPENSATION
B LATCH UP FREE OPERATION
W HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

These circuits are high speed J-FET input single-
operational amplifiers incorporating well matched,
high voltage J-FET and bipolar transistors in a
monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset currents, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

(

N
DIP8
Plastic Package)

*

D
S08

{Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range
N D
LF351 0°C, +70°C . .
LF251 -40°C, +105°C . .
LF151 -55°C, +125°C . .

N = Dual in Line Package
D = Smalil Outline Packag

(DIP&
e {SO) - also available in Tape & Reel (DT)

A4

[ 10111
LI L]
o o o~

AW N

1 - Ofiset null 1
2 - Inverting input

3-No
4-Ve

n-inverting input
.

5 - Offset nult 2
6 - Qutput

7-Vc

+
C

8-N.C.

March 2001

1/9




LF151 - LF251 - LF351

SCHEMATIC DIAGRAM
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S
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INPUT OFFSET VOLTAGE NULL CIRCUIT
__LF351
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O
Ve
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LF151 LF251 LF351 Unit
Vee | Supply voltage - note ) 218 v
Vi |Input Voltage - note 2 £15 v
Vi |Differential Input Voltage - note 2 £30 v
Piot Power Dissipation 680 mw
Qulput Short-circuit Duration - note 4 Infinite
Toper |Operating Free-air Temperature Range -55t0 +125 -40 10 +105 0to +70 °C
Tag  |Storage Temperature Range -65 to +150 °C

1. All vollage values, excepl differential voltage, are wilh respect lo the zero reference level (ground) of the supply voltages where the zero reference

level is the midpoint between V™ and V™.

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 voits, whichever is less.

«

Differential voltages are the non-inverting input terminal with respect to the inverting inpul terminal,

4. The ocutpul may be shorted to ground or 1o either supply. Temperature andior supply vollages musl be limited to ensure that the dissipation rating

is nol exceeded
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LF151 - LF251 - LF351

ELECTRICAL CHARACTERISTICS
Vee = 215V, T, = +25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Input Offset Voitage (Ry = 10kQ2) my
Vie Tamb < +25°C 3 10
Tmin = Tamb s Tma;( 13
DVi, |input Offset Voltage Drift 10 uvree
Input Offset Current- note Y
lio Tamp = +25°C 5 100 pA
Tmin < Tamb < Tmax 4 nA
Input Bias Current -note 1 nA
lip Tamp = +25°C 20 200
Trin € Tamp < Tmax 20
Large Signal Voltage Gain (R = 2k, V, = +10V} vimv
Avd Tamp = +25°C 50 200
Tmin 5 Tamb < Tmax 25
Supply Voltage Rejection Ratio {Rg = 10kQ) dB
SVR Tamp = +25°C 80 86
Tmin 5 Tamb 5 T-max 80
Supply Current, no load
lee Tamb = +25°C 14 3.4 mA
Tmin < Tamb E Tmax 34
Viem |Input Common Mode Voltage Range 3 4.{11; v
Common Mode Rejection Ratio {(Rg = 10k€2) dB
CMR Tamp = +25°C 70 86
Trﬂin < Tamb 5 Tmax 70
Qutput Short-circuit Current mA
los Tamp = +25°C 10 40 60
T‘min & Tamb = Tmax 10 60
Output Voltage Swing v
Tamp = +25°C R, = 2kQ 10 12
j:Vopp R, = 10kQ 12 13.5
Tonin € Tamb S Trmax Ry = 2k 10
R_ = 10kQ2 12
SR Slew Rate . _ Vius
Vi =10V, R = 2kQ, C| = 100pF, Tamp = +25°C, unity gain 12 16
3 Rise Time us
Vi = 20mV, Ry = 2k, C = 100pF, T, = +25°C, unity gain 01
K Overshoot } ; %
ov Vi = 20mV, R = 2kQ, C_ = 100pF, T, = +25°C, unity gain 10
GBP Gain Bandwidth Product MHz
f = 100kHz, Tymp = +25°C,Vi, = 10mV, R = 2k, C; = 100pF 2.5 4
Ri |lnput Resistance 10'? Q
THD Total Harmonic Distortion (f = 1kHz, A, = 20dB
Ry = 2kQ, C = 100pF, Tymp = +25°C .V, = 2Vpp) 0.01
e Equivalent Input Noise Voltage _rLV_
n Rs = 1006, f = 1KHz 15 JHz
@m | Phase Margin 45 Degrees
1 The input bias currents are junction eakage currents which approximatety double for every 10°C increase in the junction temperature.
MAXIMUM PEAK-TO-PEAK OUTPUT
1577 319




LF151 - LF251 - LF351

VOLTAGE versus FREQUENCY

VOLTAGE versus FREQUENCY
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LF151 - LF251 - LF351

TEMPERATURE

AMPLIFICATION versus FREE AR TEMP.
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FREE AIR TEMPERATURE

COMMON MODE MODE REJECTION

RATIO (dB)

89

88 -

87
86
85
84

T ;
Ro=10K

Voe= $15V

'

|

83 :
=75 .50 -25 0

25 80

75 100

TEMPERATURE (°C)

125

QUTPUT VOLTAGE versus ELAPSED TIME

OUTPUT VOLTAGE (mV)

28

[
24

20

OVERSHOOT

e ed

16

12

I
§

s

a8
4

Tom

0
-4

R S (R i

t

I
P
(o2 o W O e £y

'V c=:15V

C
RL= ZkQ :
Tmp= +25°C 7

} i

0 01 02 03 04 05 06 _.7

TIME (us)

6/9

VOLTAGE FOLLOWER LARGE SIGNAL PULSE
RESPONSE

$ 6 T T -
il =1
0] 1 \
< 4 QUTPUT ’
= ! INPUT
g 2 4 ?
5 0 \
I - |
T
52 Vo= T15V :
g -2 R =2 Kk i \
z 4 —ft—- C = 100pF \ :
VAN . B W W
% 0 05 1 1.5 2 25 3 35
TIME (1s

EQUIVALENT INPUT NOISE VOLTAGE versus
FREQUENCY

T "1'|r"['?lhr' T
[ | Vec=t18V
Ay =10 Ur

Rs =100

Tams = +25°C |

i

il |

Il | ! i

N~}

il

T
e

0 : .
1040 100 400 1k 4k 10k 40k 100k
FREQUENCY (H2)

EQUIVALENT INPUT NOISE
VOLTAGE (nV/VHz)

TOTAL HARMONIC DISTORTION versus FREQUENCY

TOTAL HARMONIC DISTORTION
(%

: ST o
o T ‘..f'
0.4 == Vec=x15V [‘
© Av= — /
0.1 — Vormsj=6V g :
= Tamb=+25°C -2 o
0.04-— e r
7
ll’ Tl
. \f‘.l
il
100 400 1k 4k 10k 40k 100k

FREQUENCY (Hz)




[S72

LF153
LF253 - LF353

WIDE BANDWIDTH
DUAL J-FET OPERATIONAL AMPLIFIERS

LOW POWER CONSUMPTION

B WIDE COMMON-MODE (UP TO Veet) AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
OUTPUT SHORT-CIRCUIT PROTECTION

W HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

INTERNAL FREQUENCY COMPENSATION
B LATCH UP FREE OPERATION
B HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The LF353 are high speed J-FET input dual oper-
ational amplifiers incorporating well matched, high
voltage J-FET and bipolar transistors in a mono-
lithic integrated circuit.

The devices feature high slew rates, low input bias
and offset currents, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

N
DIP8
{Plastic Package)

*

D
S08

{Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range N 5
LF353 0°C, +70°C ) .
LF253 -40°C, +105°C . .
LF153 -55°C, +125°C . .

N = Dual in Line Package (DIP
O = Small Qutline Package (S

&) - also available in Tape & Resl (DT)

O ANV H s

4[] B

1 - Qutput1

2 - Inverting input 1

3 - Non-inverting input 1
4-Veo©

5 - Non-invertig input 2
6 - Inverting input 2

7 - Output 2

8-Veet

March 2001
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LF153 - LF253 - LF353

SCHEMATIC DIAGRAM (each amplifier)

VA
cc T ’

Non-inverting input r—}

Inverting  input }——4—’L

ﬂ Output

Lo
-
|
f f
SR T
1.34 35k
Vcc - Dl_ £ % h .
Offset Null Ofiset Null2
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LF153 LF253 LF353 Unit
Vec | Supply voltage - note ") +18 \'
Vi |input Voltage - note 2 15 v
Vig  |Differential Input Voltage - note ¥ +30 '
Piot Power Dissipation 680 mw
Output Short-circuit Duration - note ¥ (nfinite
Toper | Operating Free-air Temperature Range -55 to +125 T -40 to +105 0to +70 °C
Tetg Storage Temperature Range -85 fo +150 °‘C
1. Al vol_la%:s values, exceR‘l‘ diffarential voltage, are with respcui to the zero reference level (ground) of the supply voltages where tha zero reference
leval is the midpoint betwaen Ve and Ve
2. The magnitude of the input voltage must never exceed the magnitude of tha supply voltage or 15 volts, whichever is less.
3. Differential voltages are the non-inverting input terminal with raspect to the inverting input terminai.
4. The output may be shorted to ground or fo either supply. Temperature and/er supply vottages must be limited to ensure that the dissipation rating

2/9

is not exceeded




LF153 - LF253 - LF353

ELECTRICAL CHARACTERISTICS
Vee = 215V, T, = +25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Input Offset Voltage (Rg = 10k£) mv
Vio Tamp = +25°C 3 10
Tmin = Tamb s Tmax 13
DVi; |Input Offset Voltage Drift 10 uv/°c
Input Offset Current- note R
lio Tamp = ¥25°C 5 100 pPA
Tmin < Tamb < Tmax 4 nA
Input Bias Current -note 1 nA
lin Tamp = +25°C 20 200
Trin < Tamb S Tinax 20
Large Signal Voltage Gain (R = 2k, V, = £10V) VimV
Ayq Tamp = ¥25°C 50 200
Tmin s Tamb S Tmax 25
Supply Voltage Rejection Ratio (Rg = 10kQ) dB
SVR Tamp = +25°C 80 86
Tmin < Tamb < T'max 80
Supply Current, no load
loe Tamp = +25°C 14 3.2 mA
Tmin € Tamb < Tmax L 3.2
Viem |Input Common Mode Voltage Range L 4_'11 25 v
Common Mode Rejection Ratio (Rg = 10kQ) dB
CMR Tamp = +25°C 70 86
Tmin S Tamb S Tmax 70
Output Short-circuit Curmrent mA
los Tamp = +25°C 10 40 60
Trmin € Tamb S Tax 10 60
Output Voltage Swing V
Tamb = +25°C R| =2kQ 10 12
:tVopp Ry = 10kQ2 12 13.5
Tmin < Tamb < Tmax RL = 2kQ 10
R = 10kQ2 12
SR Slew Rate . ‘ Vius
Vi =10V, Ry = 2k, C = 100pF, Tymp = +25°C, unity gain 12 16
& Rise Time us
Vi =20mV, R = 2kQ, C, = 100pF, T, = +25°C, unity gain 0.1
K QOvershoot o
ov Vi = 20mV, R = 2kQ, C = 100pF, T,np = +25°C, unity gain 10
GBP Gain Bandwidth Product MHz
f=100kHz, Tymyp = +25°C.V, = 10mV, R = 2kQ, C| = 100pF 25 4
R; |input Resistance 1012 Q
THD Total Harmonic Distortion ( f= 1kHz, A, = 20dB
R_ = 2kQ, C| = 100pF, Tymp = +25°C,V, = 2Vy,) 0.01
e Equivalent Input Noise Voltage nv
n Rg =100Q, f = 1KHz 15 Jaz
©m | Phase Margin 45 Degrees
Vu1/Vg2 [ Channel Separation (Av = 100, Ty, = +25°C) 120 dB
B 1. Theinput bias currents are junction leakage currents which approxirnately double for every 10°C increase in the junction temperature.
Iﬁ 3/9




LF153 - LF253 - LF353

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY

MAXIMUM PEAK-TQ-PEAK QUTPUT
VOLTAGE versus FREQUENCY
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LF153 - LF253 - LF353

INPUT BIAS CURRENT versus FREE AIR

LARGE SIGNAL DIFFERENTIAL VOLTAGE

TEMPERATURE AMPLIFICATION versus FREE AIR TEMP.
100 1000
= V.. =+15V = —
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E 10 9z 200 —
i ? 7 i
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AMPLIFICATION AND PHASE SHIFT versus
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LF153 - LF253 - LF353

COMMON MODE REJECTION RATIO versus
FREE AIR TEMPERATURE
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+5V-Powered, Multichannel RS-232

General Description

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

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

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

M AKX

Drivers/Receivers

Features

Superior to Bipolar

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

4 Low-Power Recelve Mode in Shutdown
(MAX223/MAX242)

+ Meet All EIA/TIA-232E and V.28 Specifications
4+ Muiltiple Drivers and Recelvers

4+ 3-State Driver and Recelver Outputs

4+ Open-Line Detection (MAX243)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C 10 +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering information continued at end of data sheet.
“Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply /S-232 No. of Cap. Vatue & Three- Activein Data Rate
Number v} Drivers/Rx Ext. Caps (pF) State SHON (kbps} Features
MAX220 +5 2/2 4 01 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 22 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 1] — Yes v 120 Available in SO
MAX230 (MAX200} +5 5/0 4 -1.0(0.1) Yes — 120 § drivers with shutdown
MAX231 (MAX201) +5and 2/2 2 1.0{0.1) No — 120 Standard +5/+ 12V or battery supplies:
+7.510+132 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX2324 +5 2f2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 —_ No — 120 No external caps
MAX233A +5 2/2 0 —_ No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/Q 4 1.0{0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 o] — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yas — 120 Shutdown, three state
MAX237 (MAX207} +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0{0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5and 35 2 1.0(0.1) No — 120 Standard +5/+ 12V or battery supplias;
+7.51t0 +13.2 single-package solution for 1BM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1} Yes — 120 Complets IBM PC serial port
MAX242 +5 2/2 4 01 Yes v 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 B/10 0 —_ Yes v 120 High siew rate, int. caps, two shutdown modas
MAX246 +5 B/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
MAXIMN Maxim Integrated Products 1

For pricing, delivery, and ordering inform.:tion, please contact Maximy/Dallas Direct! at
1-888-629-4642, or visit Maxim's website at www.maxim-ic.com.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voltage (VCC) ..o e -0.3V to +6V
Input Voltages
TUN eee et e e
Rin (Except MAX220) ...
RIN (MAX220).... oo
Tout (Except MAX220) (Note 1}
ToOUT (MAX220) ... e e

Output Voltages
T - eee ettt ettt e bbb e +15V
ROUT oo et -0.3V to (Voo + 0 3V)

Driver/Receiver Qutput Short Circuited to GND......... Continuous
Continuous Power Dissipation {(Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....888mW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mw
16-Pin Wide SO (derate 9.52mwW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....B00mW
20-Pin SSOP (derate 8.00mW/°C above +70°C} .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C abaove +70°C).....842mW
Operating Temperature Ranges
MAX2__AC__ MAX2_ C__.............. 0°C to +70°C
MAX2__AE__ MAX2_ _E__ ... ....-40°C 1o +85°C
MAX2_ _AM_ _, MAX2_ _M__ .-55°C to +125°C
Storage Temperature Range ............. ..-65°C to +160°C
Lead Temperature (soldering, 108) ..., +300°C

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

Strasses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functionat
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is nol impiied. Exposure lo
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Voo = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIn to TMax, uniess otherwise noted.)

PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ2 to GND +5 +8 v
Input Logic Threshold Low 1.4 08 v
All devices except MAX220 2 1.4
Input Logic Threshold High 3
put ogic Ther Y " MAX220- VoG = 5.0V 24
Logic Pull-Up/input Current All except MAX220, normal operation p 5 40 A
. u T
¢ einp SHON = OV, MAX222/242, shutdown, MAX220 w001 1 | "
Vee = 5.5V, SHDN = 0V, V = +15V /MAX222/242 +0.01 +10
Output Leakage Current cc _S D QUT € s PA
Vee = SHON = OV, Vourt = 215V +0.01 =10
Data Rate 2600 116 kbps
Transmitter Output Resistance Voo = V+ = V- = 0V, Vourt = £2V 300 10M Q
Output Short-Circuit Current Vout = OV +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 v
All except MAX243 R2|N 0.8 1.3
RS-232 Input Threshold L Voo = 5V v
Pu oW ce MAX243 A2y (Note 2) 3
) All except MAX243 R2n 1.8 2.4
RS-232 Input Threshold High Voo = 5V v
put Threshold g cc MAX243 R2p (Note 2) 05 01
MAX243, Vo = 5V, no hyst is in shdn. 0.2 . 1
RS-232 Input Hysteresis All except 3, Voo = 5V, no hysteresis in shdn 0.5 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS QOutput Voltage Low louT = 3.2mA 02 0.4 v
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vec-02 v
S ing Vi = GND -2 -10
TTL/CMOS Cutput Short-Circuit Current OLfrCI_ng our mA
Shrinking VouT = Vcc 10 30 N
MAXIMN



+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN 10 Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Ve or EN = Ve (SADN = 0V for MAX222),
TTL/CMOS Cutput Leakage Current OV < VouT € Vee +0.05 +10 pA
EN input Thresho!d Low MAX242 1.4 0.8 A
EN Input Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 45 55 vV
MAX220 0.5 2
No load
Vee Supply Current (SHDN = Veg). MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11, 19 30 load MAX220 12
both inputs MAX222/232A/233A/242{243 15
Ta = +25°C 0.1 10
Ta = 0°Cto +70°C 2 50
Shutdown Supply Current MAX222/242 A
PRy Ta = 40°C t0 +85°C 2 s ]
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 1.4 08 v
SHDN Threshold High MAX222/242 2.0 1.4 A%
C| = 50pF to 2500pF,
RL = 3kQ to 7k, MAX222/232A/233A/242{243 G 12 30
Transition Slew Rate Vec =5V.Ta = +25°C, Vius
measured from +3V | pmaxaog 15 3 30
10 -3Vor-3Vio +3V
A MAX222/232A/233A/242/243 1.3 3.5
Transmitter Propagation Delay HL MAXZD A 1
TLL to RS-232 (Normal Operation), 420 0 us
Figure 1 : MAX222/232A/233A/242/243 18 35~
il MAX220 5 10
e MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay L 20 06
RS-232 to TLL (Normat Operation), Ay - 3 us
Figure 2 (o MAX222/232A/233A/242/243 06 1
MAX220 08 3
Receiver Propagation Delay tPHLS MAX242 05 10
RS-232 to TLL {Shuidown), Figure 2 tPLHS MAX242 25 10 Hs
Receiver-Output Enable Time, Figure 3 | teg MAX242 126 500 ns
Receiver-Output Disable Time, Figure 3 | tpR MAX242 180 500 ns
Transmitter-Output Enable Time N MAX222/242, 0.1uF caps 50
(SHDN Goes High), Figure 4 ET (includes charge-pump start-up) Hs
Transmitter-Qutput Disable Time
(SHDN Goes Low), Figure 4 toT MAX222/242, 0.1uF caps 600 ns
Transmitter + to - Propagation ( 1 MAX222/232A/233A/242/243 300
Delfay Ditference (Normal Operation) PHLT - IPLHT MAX220 2000 ns
Receiver + to - Propagation ' . MAX222/232A/233A/242/243 100
Delay Difference (Normal Operation) PHLR - IPLHR MAX220 205 ns
Note 3: MAX243 R2pyT is guaranteed to be low when R2jn is = OV or 1s ficating
MAXIMN 3
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MicroPOWER INSTRUMENTATION AMPLIFIER

Single and Dual Versions

FEATURES DESCRIPTION

@ LOW QUIESCENT CURRENT: 1751A/chan. The INA126 and INA2126 are precision instrumentation

@ WIDE SUPPLY RANGE: +1.35V to +18V amplifiers for accurate, low noise differential signal acquisi-
tion. Their two-op-amp design provides excellent perfor-

@ LOW OFFSET VOLTAGE: 250uV max : . .

] ] mance with very low quiescent current (175}tA/chan.). This,
©® LOW OFFSET DRIFT: 3uV/°C max combined with wide operating voltage range of +1.35V to
@ LOW NOISE: 35nVA/Hz +18V, makes them ideal for portable instrumentation and data
@ LOW INPUT BIAS CURRENT: 25nA max acquisition systems.

Gain can be set from 5V/V to 10000V/V with a single
external reststor. Laser trimmed input circuitry provides
low offset voltage (250uV max), low offset voltage drift
(3uV/°C max) and excellent common-mode rejection.

APP LICATIONS Single version package options include 8-pin plastic DIP,

Y S0-8 surface mount, and fine-pitch MSOP-§ surface-mount.
q (FDUSTRQL SENSIBAMP LIFIER, Dual version is available in the space-saving SSOP-16 fine-

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

pridde, R fhetmpcaupfe pitch surface mount, SO-16, and 16-pin DIP. All are speci-
® PHYSIOLOGICAL AMPLIFIER: fied for the —40°C to +85°C industrial temperature range.
ECG, EEG, EMG y |
® MULTI-CHANNEL DATA ACQUISITION NAZ126 _g—_T
@ PORTABLE, BATTERY OPERATED SYSTEMS v, ° \ :
4 0 Vo = (Vi- Vin) G
7 40k 7 G=5+ 20K
v+
10kQ W Ro
[ Re
INA126
Vi o + g 3 . 10k
8 —C Vo= (Vn-VRI G .
P 80K Vino +
40kQ G =5+ 80k 40kQ 5
! Ra oy =
10kQ2 Viko L \ 11 N
gRG 13 O Vo =(Vin-Vin) G
10kQ 7 40kQ 80k
G=5+ —
1 10k W 10 Ro
> g Re
_ 2
Vino
IN + m 5 14 10k
L Vi o 27 aoka
I ' ° T
v [ <

V-
International Airport industrial Park + Mailing Address: PO Box 11400, Tucsen, AZ §57M + Sirest Address: 6730 5. Tucson Bivd., Tucson, A2 85706 » Tel: (520) 7461111 - Twx: #10-852-1111
Internet; http:/www.burr-brown.com/ + FAXLine: (800) 548-6133 (US/Canada Only) « Cable: BBRCORP + Tehex: 066-8491 + FAX: (520) 838-1540 « immediate Product Info: (800) 548-6132
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SPECIFICATIONS

At T, = +25°C, Vg = £15V, R, = 25kQ1, unless otherwise noted.

INAT26P, U, E INA126PA, UA, EA
INA2126P, U, E INA2126PA, UA, EA

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

INPUT

Offset Voltage, RTI +100 +250 +150 +500 nv

vs Temperature +0.5 +3 * +5 uviree
vs Paower Supply (PSRR} Vg = £1.35V to 18V 5 15 * 50 uvv

Input impedance 1091 4 * Q) pf

Safe Input Voltage Rs=0 (V-}-0.5 (V+)}+0.5 * ¥* Y

Rs = 1kl (V=10 (V+)+10 * * v

Common-Mode Voltage Range Vo =0V +11.25 116 * * v

Channet Separation {dual) G =5 de 130 dB

Common-Made Rejection Rg =0, Vou = £11.25V 83 94 74 90 dB

INA2126U (dual SO-16) 80 94 dB

INPUT BIAS CURRENT -10 ~25 * 50 nA

vs Temperature +30 * pASSC

Offset Current 0.5 +2 * 5 nA

vs Temperature +10 * pASC

GAIN G =5to 10k * viv

Gain Equation G = 5 + 80kQWRg * ViV

Gain Emor Vo =414V, G=5 +0.02 0.1 * 10,18 %

vs Temperature Gs=s5 12 +10 * * ppmyC

Gain Error Vg =112V, G = 100 0.2 +0.5 * 1 %

vs Temperatura G =100 25 +100 * * ppmi°C

Nonlinearity G = 100, Vo = £14V +0.002 +0.012 * * %

NOISE )

Voltage Moise, f = 1kHz 35 * nV/NHz
1= 100Hz 35 * nviHz
= 10Hz 45 * nV/HZ
fy = 0.1Hz to 10Hz 0.7 * uVp-p

Current Noise, f = 1kHz 60 * TANHZ

fg = 0.1Hz to 10Hz 2 * pAp-p

QUTPUT

Voltage, Positive R, = 25k82 (V+}-0.9 | (V+)-0.75 * * v

Negative R, = 25k (V-)+0.95| (V-p0.8 * * A

Short-Circuit Current Short-Cireuit to Ground +10/-5 * mA

Capacitive Load Drive 1000 * pF

FREQUENCY RESPONSE

Bandwidth, -348 G=5 200 * kHz

G =100 9 * kHz

G = 500 1.8 * kHz

Slew Rate Vo=210V.G=5 04 * Vius
Settling Time, 0.01% 10V Step, G =5 30 * us
10V Step, G = 100 160 * us

10V Step, G = 500 1500 * us

QOverlaad Recovery 50% input Overload 4 * us

POWER SUPPLY

Voltage Range +£1.35 +15 118 * * * v

Current {per channel) lo=0 =175 +200 * * LA

TEMPERATURE RANGE

Specification Range —40 +85 * * °C

Operation Range -55 +125 * * °C

Storage Range -55 +125 * * *C

Thermai Resistance, 6,,

8-Pin DIP 100 * °CAN
S0-8 Surface-Mount 150 * Cw
MSOP-8 Surface-Mount 200 »* CW
16-Pin DIP (dual) 80 * °CW
S0-16 (dual) 100 * CW
SSCOP-16 (dual} 100 * *CW

* Specificalion same as INA126P, INA126U, INA126E; INA2126P, INA2126L), INAZ126E.

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

BURiRk-BROWN®

INA126, INA2126 2



PIN CONFIGURATION (Single)

ABSOLUTE MAXIMUM RATINGS(!

8-Pin DIP, 5O-8, MSOP-8

Top View
e[}
vn[2]
v
an

PIN CONFIGURATION (Dual)

Top View

16-Pin DIP, SO-16, SSOP-16

Sense, | 7
N

B

15 |Vie
14 {Rgp
18] Res
12| Ref,

11| Vog

1__OI Senseg
o

PACKAGE INFORMATION

Powar Supply Voltage, V+ to V— i, 36V
Input Signal Voitage(@ ...
Input Signal Cumrentt?)
Qutput Short Circuit ...
Operating Temperature . ... ~55°C fo +125°C
Storage Temperalure =55°C to +125°C
Lead Temperature (soldering, 10s) +300°C

Continuous

NOTES: {1) Stresses above these ratings may cause permanent damage.
(2) Input signal voitage is limited by intemal 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-
propriate precautions. Failure to observe proper handling and
installation procedures can cause damage.

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

PACKAGE DRAWING TRANSPORT

PRODUCT PACKAGE NUMBER{" PACKAGE MARKING ORDERING NUMBER MEDIA
Single
INA126PA 8-Pin DIP 006 INA126PA ) INA126PA Rails
INA126P 8-Pin DIP 006 INA126P ) INA126P Rails
INA126UA SO-8 182 INA126UA INA126UA Rails or Reel
INA126U SO-8 182 INA126U INA126U Rails or Reel
INA126EAR) MSOP-8 337 A26) INA126EA-250 Reel Only

" P q 3 INA126EA-2500 "
INA126E@) MSOP-8 337 A2603) INA126E-250 Reel Only

- . " ; INA126E-2500 -
Dual
INA2126PA 16-Pin DIP 180 INA2126PA INA2126PA Rails
INA2126P 16-Pin DIP 180 INA2126P INA2126P Rails
INA2126UA S0-16 265 INA2126UA INA2126UA Rails
INA2126U 50-16 265 INA2126U INA2126U Rails
INA2126EAR) SSOP-16 322 INA2126EA INA2126EA-250 Reel Only

- - - " INA2126EA-2500 "
INAZ126E@ SSOP-16 322 INA2126E INA2126E-250 Reel Only

- - - - INAZ126E-2500 "

NOTES: (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

availabla only on 250 or 2500 piece resls. (3} Grade designation .s marked on reel.

BURR - BROWN®

INA126, INA2126



TYPICAL PERFORMANCE CURVES

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

GAIN vs FREQUENCY
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COMMON-MODE REJECTION vs FREQUENCY
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FAIRCHILD

SEMICONDUCTOR®

KSA1015

LOW FREQUENCY AMPLIFIER

+ Collector-Base Voltage : Vo= -50V
+ Complement to KSC1815

T TO-92
1. Emitter 2. Collector 3. Base

PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings 1.=25°C unless otherwise noted

Symbol Parameter Ratings Units
Veao Collector-Base Voltage -50 v
Veeo Collector-Emitter Voltage -50 Y
Veso Emitter-Base Voltage -5 \'4
e Collector Current -150 mA
ig Base Current -50 mA
Pc Collector Power Dissipation 400 mwW
T, Junction Temperature 125 °C
Tste Storage Temperature -85 ~150 °C

Electrical Characteristics T4=25°C unless otherwise noted

Symbol Parameter Test Condition Min. Typ. Max. Units
BVego Collector-Base Breakdown Voltage lc=-100pA, Ig=0 -50 v
BVeeo Collector-Emitter Breakdown Voitage le=-10mA, Ig=0 -50 v
BVego Emitter-Base Breakdown Voltage lg=-10pA, Ic=0 -5 \2
lego Collector Cut-off Current Vep=-50V, Ig=0 -0.1 pA
lego Emitter Cut-off Current Veg= -5V, Ig=0 -0.1 MA
NEg4 DC Current Gain Veg=-6V. lc=-2mA 70 400
hFEZ VCE= -6V, |c= -150mA 25
Ve (sat) | Collector-Emitter Saturation Voltage le= -100mA, Ig=-10mA -0.1 -0.3 \
Vge (sat) | Base-Emitter Saturation Voltage lg=-100mA, Ig= -10mA -1.1 \4
fr Current Gain Bandwidth Product Vee=-10V, [=-1mA 80 MHz
Cob Output Capacitance Veg=-10V, Ig=0, f=1MHz 4 7 pF
NF Noise Figure Veg=-6V, Ic=-0.1mA 0.5 6 dB

=100Hz, Rg=10kQ2

hgg Classification
Classification o} Y GR
hegq 70~ 140 120 ~ 240 200 ~ 400

©2002 Fairchild Semeconductor Corparation Rev. A3, Sepilember 2002
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Typical Characteristics
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Figure 1. Static Characteristic
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Figure 3. Base-Emitter Saturation Voltage
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Figure 5. Collector Qutput Capacitance
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Figure 4. Base-Emitter On Voitage
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©2002 Fairchild Sermiconductor Corporaton

Rev A3, September 2002

S10LVYSH



Negative-Voltage Regulators

® 3-Terminal Regulators

® OQOutput Current Up to 100 mA

® No External Components Required

® Internal Thermal-Overload Protection
® Internal Short-Circuit Current Limiting
¢

Direct Replacement for Motorola MC79L00
Series

description

This series of fixed negative-voltage integrated-circuit
voltage regulators is designed for a wide range of
applications. These include on-card regulati-~ for
elimination of noise and distribution problems
associatedwith single-point regulation. In addition,

OuUTPUT
INPUT
ci COMMON
o)

TO-92

79L05ACZ

SOT-89 ’_I LJ U
79L05CPK  COMMON INPUT OUTPUT

they can be used to control series pass elements to make high-current voltage-regulator circuits. One of these
" regulators can deiiver up to 100 mA of output current. The internal current-limiting and thermal-shutdown features
make them essentially immune to overload. When used as a replacement for a zener-diode and resistor combination,
these devices can provide effective improvement in output impedance of two orders of magnitude, with lower bias

current.

electrical characteristics at specified virtual junction temperature, V| =-10 V, | = 40 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS T# 79L03 UNIT
MIN TYP MAX
25°C -4.8 -5 -5.2
Output voltage lo=1mA to 40mA.Vi=-7V to -20V Fullrange | -4.75 525 v
lo = 1mAto 70 mA Fulirange | -4.75 -5.25
v =-7V to -20V 150
vitage reuiaton v: =8V io 20V 25°C 7 o] ™
Ripple rejection Vi= -8Vto-18V f=120Hz 25°C 41 49 dB
Qutput lo =1mAto 100 mA g 20 50
voltage regulation | |5 = 1 mA to 40 mA 25C 10 30 mv
no;;’:”:olmge |£=10Hz 10 100 1z 25°C 40 v
Dropout voltage 25°C 17 v
Bias current 25°C 6
125°C 5.5 mA
Bias V| = -8V to -20V 1.5
current change Io = 1 mA to 40 mA Fullrange = A

b4 Pulse-testing techniques maintain T as close to Ta, as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Full range for the L05 is Tj=0°Cto[ °C

Wing Shing Computer Components Co., (HK.)Ltd.
Homepage: http://www.wingshing.com

3-1

Tel:(852)234] 9276 Fax:(852)2797 8153
E-mail:

wsccltd@hkstar.com



WS
79L05

equivalent schematic

* * * * * COMMON

] |

- ‘/T $— OUuTPUT
[

& INPUT

& 4 4 @

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

Input voltage: 79LOSY™ Prerrromd. BN /. . Al .\l A Sopeperog €Y. ..02- R 8 ...... -3ov
Operating free-air, case, or virtual junction temperature. .. .. ......... B P P |10 L &
Lead temperature 1.6 mm (1/16 inch) from case for 10seconds ............. ... ..o iiinn. 260°C
Storage temperature range, Tgtg - ..« cviiiiiii —85°C to 150°C

recommended operating conditions

79L05 MIN MAX UNIT
Input voltage, V -7 S|y
Output current, Ig 100 mA
Operating virtual junction temperature, T} 0 70 °C




WS
79L.05

Pad Location WS79L00

90 m

chip size 1.15 x 1.35mm

Pad Location Coordinates

Pad N Pad Name X( £ m) Y(pum)
1 Ground 1150 115
2 Input 115 690
3 Output 115 950

3-3




1A78L00 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS0101 - JANUARY 1976 — REVISED JULY 1999

3-Terminal Reguiators

Output Current up to 100 mA

No External Components

Internal Thermai-Overload Protection
Internatl Short-Circuit Current Limiting

Direct Replacements for Fairchild nA781.00
Series

description

This series of fixed-voltage integrated-circuit
voltage regulators is designed for a wide range of
applications. These applications include on-card
regulation for elimination of noise and distribution
problems associated with single-point regulation.
In addition, they can be used with power-pass
elements to make high-current voltage reg..:2tors.
One of these regulators can deliver up to 100 mA
of output current. The internal limiting and
thermal-shutdown features of these regulators
make them essentially immune to overload. When
used as a replacement for a zener diode-resistor
combination, an effective improvement in output

ouTeuT {11
COMMON [[2
COMMON [|3

4

D PACKAGE
(TOP VIEW)

v

NC {]

] INPUT

] COMMON
[] COMMON
| NC

N B~ o

NC — No internai connection

LP PACKAGE
{TOP VIEW)

INPUT
COMMON
OUTPUT

TO-226AA

PK PACKAGE
(TOP VIEW)

] INPUT

impedance can be obtained, together with lower
bias current. N —] COMMON
The pA78L00C series is characterized for 1 ouUTPUT
operation over the virtual junction temperature
range of 0°C to 125°C.
AVAILABLE OPTIONS
PACKAGED DEVICES
SMALL OUTLINE PLASTIC CYLINDRICAL SOT-89 . CHIP
T, | Yotom (0) , (PK) FORM
OUTPUT VOLTAGE TOLERANC M
5% 10% 5% 10% 5% 10%
26 HATBLO2ACD - MATBLOZACLP | pA78LO2CLP | uUA78LOZACPK | WA7BLOZCPK | pA78LO2Y
5 UAT8LOSACD | pA78LOSCD | pATSLOSACLP | pA78LOSCLP | pA78LOSACPK | pA78LOSCPK | pA78LOSY
6.2 WATBLOBACD | pA78LOBCD | pA78LOGACLP | LA7BLOSCLP | pA7BLOBACPK | WA7BLOSCPK | HATBLOSY
0°Cto 8 PA7BLOBACD | pA78LOBCD | pA78LOBACLP | nA7BLOSCLP | pA78LOBACPK | pA78LOBCPK | pA7BLOBY
125°C 9 HA7BLO9ACD | pA78LOSCD | pA78LOSACLP | pATBLOSCLP | pA78LOSACPK | pA78LOSCPK | pA7BLOSY
10 HATBL10ACD - pA78L10ACLP | pATBL10CLP | pA7S8L10ACPK { LA7BL10CPK | pA78L10Y
12 MATBL12ACD | pA78L12CD | pA78L12ACLP | pA78L12CLP | pA78L12ACPK | WA7BL12CPK | pA7BL12Y
15 MATBL15ACD | MA7BL1SCD | PA7BLASACLP | pA78L15CLP | pA78L1SACPK | pA7BLISCPK | pA78L15Y

D and LP packages are available taped and reeled. Add the suffix R to the device type (e.g., WA7BLOS5ACDR). The PK package is only avaiiable

taped and reeled (e.g., pA78LOZACPKRY). Chip forms are tested at Ta = 25°C

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.

PRODUCTION DATA information is current as of
conform i

Products

ication date.

wlhumsd 4185 Instruments
does nol include

lm.mgdllpumrs

9

ity

{’ TEXAS

INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265

Copyright © 1999, Texas Instruments incorporated




LA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS0101 - JANUARY 1976 — REVISED JULY 1999

schematic

£20kﬂ

. » —e — INPUT

CUTPUT
1kQto 14kQ
¥ '
1.4 kQ
L g —& l COMMON

NOTE: Resistor values shown are nominal.

"-’? TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655302 ® DALLAS, TEXAS 75265



WAT8L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS0101 — JANUARY 1976 ~ REVISED JULY 1999

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

HAT8Lxx UNIT
HATBLO2AC, pA78LOSC—A78LOSC, nA78L10AC 30
Input voltage, V| v
UATBL12C, pA78L12AC, pA78L15C, nAT8L1SAC 35
D package 97
Package thermal impedance, 8 A (see Notes 1 and 2) LP package 156 °C
PK package 52
Virtual junction temperature range, T Qto 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C
Storage temperature range, Tstq —651t0 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. Maximum power dissipation is a function of T j(max), 8)a. and Ta. The maximum atlowable power dissipation at any allowable
ambient temperature is Pp = (T ){max) — Ta)/8jA. Operating at the abseclute maximum T of 150°C can impact reliability. Due to
variations in individual device electrical characteristics and thermal resistance, the built-in thermal-overload protection may be
activated at power levels slightly above or below the rated dissipation.

2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace

tength of zero.

recommended operating conditions

MIN MAX | UNIT
UAT7BLOZAC 4.75 20
HAT78LOSC, HA7BLOSAC 7 20
HAT8LO6C, pA7BLOBAC 8.5 20
Input voltage, V; UA78LOBC, pATBLOBAC 105 23 v
HAT7BLOIC, pATBLOYSAC 11.5 24
uA78L10AC 125 25
HATBL12C, UATBL12AC 14.5 27
MATBL1SC, tA78L1SAC 17.5 30
Output current, g 100 mA
Operating virtual junction temperature, T - 0 125 °C
I
W2 TExAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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Data Sheet

Super Voltage Converter

The ICL7660S Super Voitage Converter is a monolithic
CMOS voltage conversion IC that guarantees significant
performance advantages over other similar devices. It is a
direct replacement for the industry standard ICL7660 offering
an extended operating supply voltage range up to 12V, with
lower supply current. No externa! diode is needed for the
ICL76608S. in addition, a Frequency Boost pin has been
incorporated to enable the user to achieve lower output
impedance despite using smaller capacitors. All
improvements are highlighted in the Electrical Specifications
section. Critical parameters are guaranteed over the entire
commercial, industrial and military temperature ranges.

The ICL7660S performs supply voltage conversion from
positive to negative for an input range of 1.5V to 12V,
resulting in complementary output voltages of -1.5V to -12V.
Only 2 non-critical external capacitors are needed for the
charge pump and charge reservoir functions. The ICL.7660S
can be connected to function as a voltage doubler and will
generate up to 22.8V with a 12V input. It can also be used as
a voltage multiplier or voltage divider.

The chip contains a series DC power supply regulator, RC
oscillator, voltage leve! transiator, and four output power
MOS switches. The oscillator, when unloaded, oscillates at a
nominal frequency of 10kHz for an input supply voltage of
5.0V. This frequency can be lowered by the addition of an
exiernal capacitor to the "OSC" terminal, or the oscillator
may be over-driven by an external clock.

The “LVv” terminal may be tied to GND to bypass the internal
series regulator and imprave low voltage (LV) operation. At

ICL7660S

File Number 3179.2

April 1999

Features

« Guaranteed Lower Max Supply Current for All
Temperature Ranges

* Wide Operating Voltage Range 1.5V to 12V
* 100% Tested at 3V

* No External Diode Over Full Temperature and Voltage
Range

* Boost Pin {Pin 1) for Higher Switching Frequency

Guaranteed Minimum Power Efficiency of 96%

Improved Minimum Open Circuit Voitage Conversion
Efficiency of 99%

Improved SCR Latchup Protection

* Simple Conversion of +5V Logic Supply to +5V Supplies
+ Simple Voltage Multiplication Voyt = (-)nViN

« Easy to Use - Requires Only 2 External Non-Critical
Passive Components

« Improved Direct Replacement for Industry Standard
{CL7660 and Other Second Source Devices

Applications
= Simple Conversion of +5V to £5V Supplies
« Voltage Muitiplication Vgt = £nV)N

+ Negative Supplies for Data Acquisition Systems and
instrurnentation

+ RS232 Power Supplies
* Supply Splitter, Voyt = £Vg/2

medium to high voltages (3.5V to 12V), the LV pin is left .
floating to prevent device latchup. Pinouts
ICL7660S (PDIP, SOIC)
Ordering Information gopP VIEW
-
TEMP. B0OOST [1 8] v+
PART RANGE E :I
NUMBER ©c) PACKAGE PKG. NO. cap+ [2] 7] osc
ICL7660SCBA 0to70 [8Ld P SOIC (N) M8.15 ano [3] 6] wv
ICL7T660SCPA | 0to70 |8LdPDIP £8.3 cap-[4 5] vour
'CL7660SIBA -40t0 85 |8 Ld P SOIC (N) M8.15 ICLT660S (CAN)
ICL7660SIPA -40t0 85 |8 Ld PDIP E8.3 TOP VIEW
ICLTE6BOSMTV | -5510 125 |8 Pin MetalCan | T8.C V# (AND CASE)
(Note)
NOTE: Add /883B to part number if 883B processing is required.
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ICL7660S

Absolute Maximum Ratings

SupplyVoltage. ... ........ ... ... ... . ... +13.0Vv

LV and OSC Input Voltage (Note 1) PDIP. e
V+<S88Y . -0.3Vto v+ + 0.3V Plastic SOIC. . .. oo
V+>8.8V . . V+ 55V to V+ +7 Y Metal Can. ...

Current into LV (Note 1)

Thermal Information

Maximum Lead Temperature (Soldering 10s)

V4> 38V e 20pA (SOIC - Lead Tips Only)
Output Short Duration

VauppLy S8.8V. .. Continuous
Storage Temperature Range . ................. -85°C 10 150°C

Operating Conditions

Temperature Range

ICLT660SM .. ... .. ... . ... i, -55°C to 125°C
ICL7BBOST ... it -40°C to 85°C
ICLTBBOSC. . .ottt et 0°C to 70°C

Thermal Resistance (Typical, Note 2)

8.4 (°CW)  gyc (°CW)
150
170
155

N/A
N/A
70

CAUTION: Stresses above those listed in "Absoluts Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation of the

device al these or any other conditions above those indicated in tha operational sections of this specification is not implied.

NOTES:

1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs from
sources operating from external supplies be applied prior to “power up” of ICL7660S.

2. 85 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications v+ =5V, Ta = 25°C, OSC = Free running, Test Circuit Figure 12, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Supply Current (Note 5) I+ R = e, 259%C - 80 160 HA
0°2C < T < +70°C - - 180 pA
-40°C < Ty < 85°C - - 180 PA
-559C < Tp < 125°C = - 200 pA

Supply Voltage Range - High V4 Ry = 10K, LV Open, Tpin < Ta < Tmax 3.0 - 12 Y

{Note &)

Supply Voltage Range - Low Vi R = 10K, LV to GND, TN < Ta < Tmax 1.5 - 3.5 A

Output Sogrce Resistance Rout louT = 20mA - 60 100 Q
louT = 20mA, 0°C < T4 < 70°C - - 120 o
louT = 20mA, -259C < Ty < 85°C - - 120 Q
loyT = 20mA, -55°C < T, < 125°C 0 - 150 Q
lout = 3mA, V+= 2V, LV = GND, - 250 Q
0°C < Tp < 70°C
louT = 3MA, V+ =2V, LV = GND, - . 300 o]
-40°C < Ty < 85°C
louT = 3MA, V+ =2V, LV = GND, - - 400 Q
-559C < Tp < 125°C

Oscillator Frequency (Nota 5) fasc Copsc = 0. Pin 1 Open or GND 5 10 - kHz
Cogc =0, Pin1=v+ - 35 . kHz

Power Efficiency PEFF R = 5k 96 98 - %
TMIN < Ta < Tmax R = 5k a5 o7 - -

Voltage Conversion Efficiency VoutEFF [R = 99 99.9 - %

3-37
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Electrical Specifications v+ =5V, Ty = 25°C, OSC = Free running, Test Circuit Figure 12, Unless Otherwise Specified (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX UNITS
Oscillator Impedance Zogc V=2V - 1 - M1
V+ =5V - 100 - IG

NOTES:
3. Derate linearly above 50°C by 5.5mW/°C

4. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very

small but finite stray capacitance present, of the order of SpF.

5. The Intersit ICLT660S can operate without an external diode nver the full temperature and voltage range. This device will function in existing
designs which incorporate an extenal diode with no degradation in overall circuit performance.,

6. All significant improvements over the industry standard ICL7660 are highlighted.

Typical Performance Curves (Test Circuit Figure 12)
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g {NO DIODE REQUIRED)
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2 / / /
-
; 4 by /] Wd
7] /

2 // 1 7

7 & i i
0
-55 25 0 25 50 100 125
TEMPERATURE (°C)
FIGURE 1. OPERATING VOLTAGE AS A
FUNCTION OF TEMPERATURE
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FIGURE 3. QUTPUT SOURCE RESISTANCE AS A
FUNCTION OF TEMPERATURE

250
I l I
= L Tp=125°C
§ o T H
Q
=z
< Ta =25°C
= L
g~ 2 DA
& N T 11
[ Tp =-55°C
w >>/ 4
ENY. ~J N
] N L~
e NN
| 50
a
fud
=2
o
0
0 2 4 [ 8 10 12
SUPPLY VOLTAGE (V)
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FIGURE 4. POWER CONVERSION EFFICIENCY AS A
FUNCTION OF OSCILLATOR FREQUENCY
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Typical Performance Curves (Test Circuit Figure 12) {Continued)
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FIGURE 5. FREQUENCY OF OSCILLATION AS A FUNCTION
OF EXTERNAL OSCILLATOR CAPACITANCE
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CURRENT

"N
\

14

12 ——
N \.____.

OSCILLATOR FREQUENCY fggc (kHz)

10 \‘, —
V=5V T~
B8 !
|
.55 25 [ 25 50 75 100 125

TEMPERATURE (°C)
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FUNCTION OF TEMPERATURE
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Typical Performance Curves (Test Circuit Figure 12) {Continued)

V=5V 1 I
T = 25%C C1=Cz=
400 [\ 1=10mA TIF
:d: C1 = C2 =
w -
g 30 \ 10CF
E \\ Ci=Cz=
o 200 N| 1000F
w
o N N/
.
= N
o
100
5 N N X
N h N
0 ""Frn N mae
100 1K 10k 100k

OSCILLATOR FREQUENCY (Hz)
FIGURE 11. OUTPUT SOURCE RESISTANCE AS A FUNCTION OF OSCILLATOR FREQUENCY

NOTE:

7. Thesa curves include in the supply current that current fed directly into the load R_from the V+ (See Figure 12). Thus, approximately half the
supply current goes directly to the positive side of the load, and the other half, through the ICL7660S, to the negative side of the load. Ideatly,

Voutl 2ViN, IsU 2L, so Vin xIs [ Vour X IL.

Detailed Description

The ICL7660S contains all the necessary circuitry to
complete a negative voltage converter, with the exception of
2 external capacitors which may be inexpensive 100F
polarized electrolytic types. The mode of operation of the
device may be best understood by considering Figure 13,
which shows an idealized negative voltage converter.
Capacitor C4 is charged to a voltage, V+, for the half cycle
when switches S4 and S3 are closed. (Note: Switches Sa
and S4 are open during this half cycle.) During the second
half cycle of operation, switches S, and S, are closed, with
S1 and S3 open, thereby shifting capacitor C4 to Cp such
that the voltage on C5 is exactly V+, assuming ideal switches
and no load on C,. The ICL7660S approaches this ideal
situation more closely than existing non-mechanical circuits.

U Is v+
8 <> (+5V)
ICL7660S

Cq *
100F .

[w]7”

NOTE: For large values of Cogc (>1000pF) the values of C1 and Co
shouid be increased to 1000F.

FIGURE 12. ICL7660S TEST CIRCUIT

Inthe ICL7660S, the 4 switches of Figure 13 are MOS power
switches; S4 is a P-Channel devices and Sy, S3 and S4 are
N-Channel devices. The main difficulty with this approach is
that in integrating the switches, the substrates of S3 and S,

must always remain reverse biased with respect to their
sources, but not so much as to degrade their “ON”
resistances. In addition, at circuit start up, and under output
short circuit conditions (Vg = V+), the output voltage must
be sensed and the substrate bias adjusted accordingly.
Failure to accomplish this would result in high power losses
and probable device latchup.

This problem is eliminated in the ICL7660S by a logic network
which senses the output voltage (VoyT) together with the
level translators, and switches the substrates of S3 and Sy4 to
the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7660S is an integral
part of the anti-latchup circuitry, however its inherent voltage
drop can degrade operation at low voitages. Therefore, to
improve low voltage operation “LV™ pin should be connected
to GND, disabling the regulator. For supply voltages greater
than 3.5V the LV terminal must be left apen to insure latchup
proof operation, and prevent device damage.

Theoretical Power Efficiency
Considerations
In theory a voltage converter can approach 100% efficiency
if certain conditions are met:
1.
2.

The drive circuitry consumes minimal power.

The output switches have extremely low ON resistance
and virtually no offset.

. The impedance of the pump and reservoir capacitors are
negligible at the pump frequency.

340 | intersil



ICL7660S

The ICL7660S approaches these conditions for negative
voltage conversion if large values of C4 and C» are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE
OCCURS. The energy lost is defined by:

=11C1 (V42 - V52

where V{ and V3 are the voltages on C4 during the pump
and transfer cycles. If the impedances of C4 and C5 are
relatively high at the pump frequency (refer to Figure 13)
compared to the value of R, there will be substantial
difference in the voltages V¢ and V. Therefore it is not only
desirable to make C, as large as possible to eliminate output
voltage ripple, but also to employ a correspondingly large
value for C4 in order to achieve maximum efficiency of
operation.

8 $4 2 S,
ViNo- oo

]
-

3

L i

—
Y
[
e T\

Ld
~

S 5

o e

I (¢

FIGURE 13. IDEALIZED NEGATIVE VOLTAGE CONVERTER

Bl
I

Vout = -ViN

DAy

Do’s and Don’ts
1. Do not exceed maximum supply voitages.

2. Do not connect LV terminal to GND for supply voltage
greater than 3.5V.

3. Do not short circuit the output to V* supply for supply
voltages above 5.5V for extended periods, however, tran-
sient conditions including start-up are okay.

4. When using polarized capacitors, the + terminal of C4
must be connected to pin 2 of the ICL7660S and the +
terminal of Co must be connected to GND,

5. Hthe voltage supply driving the ICL7660S has a large
source impedance (25! - 300 ), then a 2.2'1F capacitor
from pin 8 to ground may be required to limit rate of rise
of input voltage to less than 2V/s.

6. User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will occur
under these conditions.

A 1N914 or similar diode placed in parallel with C5 will
prevent the device from latching up under these condi-
tions. {Anode pin 5, Cathode pin 3).

Typical Applications

Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7660S for generation of negative supply voltages. Figure
14 shows typical connections to provide a negative supply
where a positive supply of +1.5V to +12V is available. Keep
in mind that pin & (LV} is tied to the supply negative (GND)
for supply voltage below 3.5V.

100F

[
C
HT;

ICL76608

+
& i1 n
L=
I
&

== ; Ro vour
= 5|—| =
10CF ;_.Lv°“7= Ve *
14A. 14B.

FIGURE 14. SIMPLE NEGATIVE CONVERTER AND ITS
OUTPUT EQUIVALENT

The output characteristics of the circuit in Figure 14 can be
approximated by an ideal voltage source in series with a
resistance as shown in Figure 14B. The voltage source has
a value of -(V+). The output impedance (Rq) is a function of
the ON resistance of the internal MOS switches {shown in
Figure 13), the switching frequency, the value of C4 and C»,
and the ESR (equivalent series resistance) of Cq and Cp. A
good first order approximation for Rgy is:

RoM2(Rgw1 + Rswa + ESRc1) + 2(Rgwz + Rgw4 + ESRgq)
+

1

feumpx  * ESRc2
Cy
f
(fpump = OZSC . Rswx = MOSFET switch resistance)

Combining the four Rgyyx terms as Rgyy, we see that:

1

RoNZxRgwy + feuMP X
Cy

+4 x ESRg1 + ESRc0

Rsw. the total switch resistance, is a function of supply
voltage and temperature (See the Output Source Resistance
graphs), typically 231 at 25°C and 5V. Careful selection of Cq
and C, will reduce the remaining terms, minimizing the output
impedance. High value capacitors will reduce the 1/(fpymp x
C1) component, and low ESR capacitors will lower the ESR
term. Increasing the oscillator frequency will reduce the
1{fpymp x Cq) term, but may have the side effect of a net
increase in output impedance when Cq > 100F and is not long
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enough to fully charge the capacitors every cycle. In a typical
application where fogc = 10kHz and C = Cy = Cy = 10UF:

! +4xESRgy +
(5x 103 x 10x 10%) ESRc;

Rp\46 + 20 + 5 x ESRGS

RoN2x23+

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/fpypp x C4) term, rendering
an increase in switching frequency or filter capacitance
ineffective. Typicai electrolytic capacitors may have ESRs as
high as 100 .

Output Ripple

ESR also affects the ripple voltage seen at the output. The

total ripple is determined by 2 voltages, A and B, as shown in

Figure 15. Segment A is the voltage drop across the ESR of

Co at the instant it goes from being charged by C4 {current

flowing into C2) to being discharged through the load

(current flowing out of C3). The magnitude of this current

change is 2 x loyT, hence the total drop is 2 x gyt X

ESR¢2V. Segment B is the voltage change across Cz during

time {3, the half of the cycle when G5 supplies current the

load. The drop at Biis lgyT X t2/CoV. The peak-to-peak ripple

voltage is the sum of these voltage drops:

Y B g

RIPPLE & +2 ESRC, 0!

?TPumpoc, 2o

Again, a low ESR capacitor will result in a higher

performance output.

Paralleling Devices

Any number of ICL.7660S voltage converters may be
paralleled to reduce output resistance. The reservoir
capacitor, Cp, serves all devices while each device requires
its own pump capacitor, C4. The resultant output resistance
would be approximately:

Rour (of ICL7660S)
n {number of devices)

Rour =

Cascading Devices

The ICL76€0S may be cascaded as shown to produce larger
negative multiplication of the initial supply voltage. However,
due to the finite efficiency of each device, the practical limit is
10 devices for light loads. The output voltage is defined by:

Vour =-n{ViN),

where n is an integer representing the number of devices
cascaded. The resulting output resistance would be
approximately the weighted sum of the individual ICL7660S

RoyT values.

Changing the ICL76608S Oscillator Frequency

It may be desirable in some applications, due to noise or cther
considerations, to alter the oscillator frequency. This can be
achieved simply by one of several methods described below.

By connecting the Boost Pin (Pin 1) to V+, the oscillator
charge and discharge current is increased and, hence, the
oscillator frequency is increased by approximately 3112
times. The result is a decrease in the output impedance and
ripple. This is of major importance for surface mount
applications where capacitor size and cost are critical.
Smaller capacitors, e.g. 0.10F, can be used in conjuncticn
with the Boost Pin in order to achieve similar output currents
compared to the device free running with Cq = C, = 10CF or
1000F. (Refer to graph of Output Source Resistance as a
Function of Oscillatar Frequency).

increasing the oscillator frequency can also be achieved by
overdriving the oscillator from an external clock, as shown in
Figure 18. In order to prevent device latchup, a 1kD resistor
must be used in series with the clock output. In a situation
where the designer has generated the external clock
frequency using TTL logic, the addition of a 10k pullup
resistor to V+ supply is required. Note that the pump
frequency with external clocking, as with internal clocking,
will be 1/2 of the clock frequency. Output transitions occur on
the positive going edge of the clock.

V4 V+
g
[ 8]
1K) CMOS
GATE

ICL76605 |
10F 5 ==

bl
hUNm

:

iy Vour
o WP

FIGURE 15. EXTERNAL CLOCKING

Itis also possible to increase the conversion efficiency of the
ICL76608S at low load leveis by lowering the oscillator
frequency. This reduces the switching losses, and is shown
in Figure 19. However, lowering the oscillator frequency will
cause an undesirable increase in the impedance of the
pump {C4) and reservoir {Cp) capacitors; this is overcome by
increasing the values of C4 and C; by the same factor that
the frequency has been reduced. For example, the addition
of a 100pF capacitor between pin 7 (OSC and V+ will lower
the oscillator fraquency to 1kHz from its nominal frequency
of 10kHz (a muitiple of 10), and thereby necessitate
corresponding increase in the value of C4 and C5 (from
100F to 1000F).
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FIGURE 16. LOWERING OSCILLATOR FREQUENCY

Positive Voltage Doubling

The ICL7660S may be employed to achieve positive voltage
doubling using the circuit shown in Figure 20. In this
application, the pump inverter switches of the ICL7660S ~re
used 1o charge C1 to a voltage level of V+ -Vg (where V+ is
the supply voltage and VE is the forward voltage on C4 plus
the supply voltage (V+) is applied through diode D to
capacitor Cp. The voltage thus created on Co becomes
{2V+) - (2VF) or twice the supply voitage minus the
combined forward voltage drops of diodes D¢ and Da.

The source impedance of the output (VoyT) will depend on
the output current, but for V+ = 5V and an output current of
10maA it will be approximately 60~ .

ICL7660S

.

Vout =
(2v+) = (2VE)

|
[=]

NOTE: D4 and D3 can be any suitable diode.
FIGURE 17. POSITIVE VOLTAGE DOUBLER

Combined Negative Voltage Conversion and
Positive Supply Doubling

Figure 21 combines the functions shown in Figure 14 and
Figure 20 to provide negative voltage conversion and
positive voltage doubling simultaneously. This approach
would be, for example, suitable for generating +9V and -5V
from an existing +5V supply. In this instance capacitors C4
and C4 perform the pump and reservoir functions
respectively for the generation of the negative voltage, while
capacitors C2 and C4 are pump and resesvoir respectively
for the doubled positive voltage. There is a penalty in this
configuration which combines both functions, however, in
that the source impedances of the generated supplies will be
somewhat higher due to the finite impedance of the common
charge pump driver at pin 2 of the device.

V+
———
1 E—I— T Vour = ViN
T rcureses | 04 Cs
c I
LB ! =
4 [ St
D2
~nt Vour =(2v+) -
I (VrD1) - (VFp2)
Ca + c
I"

FIGURE 18. COMBINED NEGATIVE VOLTAGE CONVERTER
AND POSITIVE DOUBLER

Voltage Splitting

The bidirectional characteristics can also be used to splita
high supply in half, as shown in Figure 22. The combined
load will be evenly shared between the two sides, and a high
value resistor to the LV pin ensures start-up. Because the
switches share the load in paralle!, the output impedance is
much lower than in the standard circuits, and higher currents
can be drawn from the device. By using this circuit, and then
the circuit of Figure 17, +15V can be converted {via +7.5,
and -7.5 to a nominal -15V, although with rather high series
output resistance (12500 ).

. o Ve
- +
SRt YT Y

Vour ==— f_LE ICL7660S
T —4]

e
Ly

S0OF

TR

+
500F S
78 ov.

FIGURE 19. SPLITTING A SUPPLY IN HALF

Regulated Negative Voltage Supply

In Some cases, the output impedance of the ICL7660S can
be a problem, particularly if the load current varies
substantially. The circuit of Figure 23 can be used to
overcome this by controlling the input voltage, via an
ICL7611 low-power CMOS op amp, in such a way as to
maintain a nearly constant output voltage. Direct feedback is
inadvisable, since the ICL7660S’s output does not respond
instantanecusly to change in input, but only after the
switching delay. The circuit shown supplies enough delay to
accommodate the ICL7660S, while maintaining adequate
feedback. An increase in pump and storage capacitors is
desirable, and the values shown provides an output
impedance of less than 5 to aload of TOmA.
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8V 50k
AAA
Yy
56k J_
+8v —%—_l 100F
50k 10 +
V‘V‘V - =
100k ICL761
VWA— + A4
[ B
|+ B ICL7660S 7]
1CL80EY 100CF _EE :6]
= 4 E‘-‘ s VOUT
oK 250k == 1000F
VOLTAGE T
ADJUST =

FIGURE 20. REGULATING THE OUTPUT VOLTAGE

Other Applications

TTIL DATA
INPUT ©

100F

Further information on the operation and use of the
ICL7660S may be found in AN051 “Principles and
Applications of the ICL7660 CMOS Voltage Converter”.

+5V LOGIC SUPPLY

Q

n ]
-~ w N m

Tmu-

10CF

+

i
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16 oA 4

4 1 3| RS232

M DATA 3V
; N S | ke
IH5142
ICL76605

12 |14

FIGURE 21. RS232 LEVELS FROM A SINGLE 5V SUPPLY
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