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Abstract

This project is the development of an apparatus for measuring a thickness of the
materials by using ultrasonic wave. The principle of the measurement uses a pulse-echo
technique, by measuring a time of fight of the ultrasonic pulse propagated in the materials.
A prototype ultrasonic gauge consists of 1) a pulser for generating a negative pulse voitage,
2) amplifier and receiver for echo pulse, 3) a 2.25 MHz Tx/Rx ultrasonic probe, and 4) a
microcontroller PIC16C57. The pulser was triggered by the microcontroller generating a
transmitted ultrasonic pulse and the receiver receives an echo pulse stopping the time of
fight measuring counter. By calibrating of known sound velocity samples, then the unknown
thickness sample can be determined. The prototype ultrasonic gauge is capable of

measuring the thickness ranging from 5 mm to 50 mm. with a resolution of 0.1 mm.
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anirrumd iuiwiahunldudasiiansgydauinndd

=S a  as o
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Rdndunjaziizliadusnan Tdusugudnats 6 - 30 ieduns aZlfaruiegiugee
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Pulse - echo Method
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(Ampifie) | ;’7»
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mq 1n‘rmaﬁ‘\mnmﬂsuuuﬂmim:u‘\muﬂmwvgn'hl
\Busi1 RTCC ARuamlFiom 3 wse (lutheias Q = tosc)
mwfuﬂ%ﬂmmmnqaﬁmamnmnannmn'luw‘i’u .
unmman«:aqun RTCC = 14 tosc
2 fygrawRmmieusnibilfiFunaised niedld
ﬁamswaﬁ-&ﬁu‘lﬂmmﬂnu
3 gonsneg i ﬁmmnmmmmﬂaﬂaemﬂm :

ali 2,10 WniislemzunsaugasninitAdeass PIC16C5X

s I 2 nquATFAamasLIfLANs (Operational register) M.F3anef
el (General purpose register) %ﬁﬁmmﬁ]ﬁlﬁmﬂhznﬂuﬁw

1. Real time clock counter

2. Program counter

3. Status register

4. Input/output register

5. File select register

6. General purpose register

wan'a'mums‘ﬁmmﬂ'ﬁmuw iAxt (special purpose reg:ster) G 1 qn'l*n INRAILIANWETR

Bunmnawinm uaz i lunsdnanda Fainmeef (prescaler) afmuanMe

ALU (Arithmetic/Logic Unit)

ALU 110 8 fin azifisawmes w e Mifudeyadansamuetfon ALU Az
A nadamens uesyRurznindaysiieghiddamad w fisdamesiiglaq uenan
il ALU S RsiuAtanlefuniddflaghidaames Witeiaamadinglan I
gings
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wdasianus hlsunsu (Program memory)

whaanustsunmiiinunn 512 Gfa (1 G35 Saun 12 Tn) dhidwseusnsn
FrduennsslFlannse sriudrdmesddamnnin (Micro-instruction) azgnaruAuTan
dlisunsanlinefARnninAretninhaRynafiinndndasdilsunm ums
UfiAnsitanwnuilsuns nsdiedauaninsalanns nedanuscnnsdedauundining
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Wllsunsuaniine uenaniihduddiauinds 2 ofu WelkiesansWilsunsudes

wuulasetiae (nesting)

whiltadaswasindsing
Faawmnf INDF (Indirect data addressing)

B

Fafammefi il aamememanm  asimiihfiuddeyatediaames FSR
WelidenTanmefIndimlasvilidaames INDF asWithidameilandandulusds
ADDWF INDF, W aziflumnirdinhidasnes #igan SFR dudneghiffames W anuan
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aziflu 00h §133ainas INDF gnénalnantsdredeutimieden uadnsalkaziu NOP

-RTCC (Real Time Clock Counter)
Faiaamafisunmgniauuszsudanisunnilfsauniaameiiiotu uenan
fanhiaamefifisunsndiny Taansdyaasinnisueniisadniia RTCC vilald

fryryrountninielu (Clock out = Fosc/4 ) r}z'qp.lﬁ 2.11

Befnuiygio
wtmawlu | Psour

waf ghxﬁa) .

Tusunm
Wimnaisod

¥

PS2,PS1,PS0 PSA

VDN 21 e RTEATSPS2.PSI.PSD ofsdRmmatomiu”
2 idenlunsifuds wor

' - o
310 2.11 mshoureFainsieaiuaFalnaladan
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vintlaudynyrnunfnudily RTCC aseanan (dygruainmahnifeannis
ueningbifinsWiBananef RTCC axiinniuAwinieduiden uszidaiuauiadn
FFh fazFumyuiidhus 0oh Wdluides Aviadyndafiazliifinsnlu RTcC azhifingg
{RuAAA 2 TnAslag biTutudi e dyminniasnanmauemitaniely uss
t’ﬁﬁ'w?qd'\qnﬁmuﬂ'lm%ﬁu RTCC taniwmmasinsaAnfiazgmniss 2 loRAaraufiasiia
Al RTCC dwinmnArdshidnaziuidadmuiesu-wlfaulas- @iy RTCC
(u MOVF RTCC,CLRF RTCC) Tunislivnuiledesnimasaudily RTCC duilugud
videhi Tneliinasianniu A MOVE RTCCW usunmuansaaitliunsd

, o4 4 X <
\3ieu RTCC uazArsminauuanuglia 2.12

mslddtygrnsuinimenantlaulsi RTce

etleudtyynanfiniannmeventiiu RTCC fuazgnivlashed duianes
fygynaninanialu ﬁq&uﬁmmﬂmmﬁmmnmﬂuﬂnﬁﬂautil’ﬂmﬁ:ﬁmﬁmmuﬂuﬂu
uazazfnmsmadiuieumesdygoaninmmeauenteuiiazhifiuarlu RTCC ne
%ﬁn?’lu%:ﬁwﬁ’ﬁw“?«-hmvfnm‘nmﬁq%«m’-‘i:qndu 2 pfelu 1 InAssamnAndaite
pradLeLT A TaTeLT8e Fanil Psout axdasilrngegaesinuien 2 Tosc uss AAngn

] 4 v A
atwies 2 Tosc = TALaINRasEaIanef AgLIn 2.1



21
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3 Vee | +VFOR LIQUID CRYSTAL DRIVE
4 RS REGISTER SELECT
H: DATA INPUT
L: INSTRUCTION INPUT
5 RW H: DATAREAD L: DATAWRITE
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3.2.2 MFYININIDNNAT

Tunsnifinnaudmasiteiiivininsuganminings wl&eedds Wun misie
warfaaduaznsdauilrunslngWinlaseeulnsaines wsiilasananssiaseaniu
goen 1mAElularnsuinsainafmszge PIC16CSX Tumsiniiianadumuilasaniilan
shravamdinudniiog Taedmdanidanadanungte 2 uladuil Wadildacil

uNAl +5 Vg

sl 34 uamd’rytu'\mﬂﬁﬁLﬁmﬁnlutﬂmﬂutwmmm'

J or o J | & o GJ o [y [ [

ileviadgnaseaniuiineasdoudl 2 4ed FET waf IRFe40 inwihililusinddondu s
o Wrie’ nY 4 pawr K

+6 V Mdmanilussingaavszuinaiviaiu +vdd metlawiei@es FET Sl +24 v

J 13 or - [ & [ 3 N o Jn

Wadtyqrnudnudt bifmeasanefisudiamaf (Differentiator) ssasasimminanivas~

d 3 Y o LU &
tm%mmé'rymﬂmp_lamaﬂu Triduiadueaunanmnsaniaclinininsusindengu

2asaninasisudiaiaas (Differentiator)

wasnefindewmes Aansar RC Mgy nduymiuiadivaanininm
gaenaniinaINAsiulsrquazmelrzquesdafiulrzquasdygosiewiyslduian
usasumnasan R Ingfipammdofufzwing R x C uaprmindnasiadil 3 dnumns Ae

1. asariafisuBiamaitirAwiaIe (Long time Constantin RC Differentiator)
AaneaTitiAn RxC mnnditawini 10 wirresramunfeaesiad FEALTIRNRTY YUV
azifn Slope 11 FRufiuedaumell duRedniTussdumnasandafuszy usniz
fFfulszqifinlszg .

2. qeasanimefisuBiainainArAwaIuna N ( Medium time Constant in RC
Differentiator ) ARNATIAT RxC winiliamundreaaeind dnscaasdyginuening
aziimfiad (Tilt) 1w Slope ﬁﬁmmmmﬁmqﬁu ziaAiInaIanas AL

) 3 o a [ ¥
WudssquiudszqldaciiAmnniu vinlanugerssussdmsdinuavinyaidans
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- et e r . , . )
3. }asaninefisuBiame M itAAsa9a143 (Short time Constantin RC Differentiator)
A ) ) ar ] J ax = 3 o
AENATNAT RxC Wasndiauninaasiadissunns 10% platunifindussiudneme
. ol
WadnluauyHANNIN

o J J 3 ar 3 ] o A
TasdnuzaaspladuniidiaianaApine uensiegli 3.5

a) e for CR = 10 PW

Space Width |[¢—

b) e for CR = PW

Space Width le¢—

l—
k c) e ,for CR = 1/10 PW

Space Width e¢—

ol o J A Jd ' o § - dJ-s J
iﬂﬂs,é anﬁmmgﬂﬂammwwmummmmmm\mu n?m’ﬂ'ﬂu‘/!ﬂl LU
Y o 4 o A o P W o v v o
dounamudumais We lifurtusanm Ttinngsieundun i uda &y Iy
L] ] J oy o ) :o
anivhlaenalaeriunaseens ladimacldiunmsRansaminsardausneg i asdesd
asc o .: <i
ATUANLTAASI Ag
o ¥ -J
- s uedhgs i bidyyaeenaldatnadiun
J J or o« c‘ Ld - :’r A o :
- fissanaduganmlaininniiaii Jaonudie 2.25 MHz fednilusiesiladiiu
J o= ‘J ar o’ )
Auuumsniranefazsesfudtyrudansioinle

- dms1agT (Slew Rate) HAgs
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suurdadanidledues CA3130 thinsathuarmane leddiilausnifidu
BiMOS Operational Amplifier (Hauvmithi MOSFET uaziawimihs CMOS), Avarusinug
i (Input Impedance) g9t 4 winsildsmd uazuuwAsiiANd N Aeagludan
1-4 wnzi@sad naassadivssarsenauwuulinduwa (Non-inverting Amplifier) 2 na
TudnmaenatenearTaamungums usswunindumsdhugil
Av =-Rf/Ri nauwma (1)
Av = Rf/Ri indumla 2)
u‘ﬂﬂmmﬂﬁ’turmm‘lﬁ’?:ﬁuuwﬁ’umuﬁv’imnwué’o ﬂ'ﬁﬁd’t’gtyﬂmmmummﬁvm1
it Fufudafiesiansanitansesdyqnanainhifenisicll Tneneasnsesnned

(Band-Pass Filter) WUy Twin - T

MNASNTDNATINDR UNAWIANAIADS (Band-Pass Filter)
srsunaRames dunareynniiiaoad hdnidesmaindiig dauan
ddesndnitasnnnditmnmaignnsoinlly dasmndsmsldananuusnstg
F=wi Upper critical frequency (f.,) WAZ Lower critical frequency (f.,)
BW=1f,-f, ©))

{nsAuLusIsuaaldsansaw

d ’
71N3.6 nrrussALLUTIsTRMUMSIIATNIsES

e = N - 4 o
Wansasmmditbidiesmreaniludn sxwaiesanuizewnaunasfauaanunain

L 4 ¥
Twrudfuwinduie 2.25 winzifismd Teasiessiudyganuanuazey wisfeannie
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o 1) :’l J o o
seAufyyniuanimiu  enSadtygraminausentl im3sdecldaessFeansous

(Rectifier) 111198

29991 TENNTZUA (Rectifier)
4 4 ,
1. WTTENNTIUAULLATAAY (halwave rectifier) nrsugasariulalan Bnades
(-3 4 ‘J [ L] [
ﬁfamm::ﬁ'mmnﬁwﬂﬁ’mﬁwm’lﬁ’tﬂuwun‘?oﬁ’é'u AMuDIStY Y IEIRAICINL

quwnm

Fou= Fin 4)
1 < P 4
uazAnafe Il asdtyrANAfuAe

Voc = V/T (5)

o

o {
FUN 37 uARRFENITUALLILIATIARY

4 , o
2. NATNNTIUSUULGNAAY (fullwave rectifier) TivdaulsaiiThuuunfiuminans
o J o o <n o o
MMNUIRNNATAS Waurdmnseyiegieyudadnuon lalansdauuazgnludans
4 o J ar o o : t a o 4
aouzi lnlansindagnludandy  dafunszuaazluaiwlalasdouudafnmmuidulvas
-J 4 ar - - 4 2 ar
LAZIARIAATILY W ausAunIanRsnldsuiivicdneunszuaazlvatitulalends
¥ ar ‘J 9 3 J 4 - 13 o 14
a7 Mdumuiven uazansnateane wigwrssdunadufiarae hidusduaceglu
4 ] o 4 - T [ A °
doainlafimn nszuaituadnsodinmuidy manaciiianaidariunsen 3oinliun
o < ] & -J ' J - 4 J al s '
sunmnafanvsaiudygrousineiy Anesersdygroudnpduaciidindy 2 wine
4 d
ATYYIUATIARY
Voo = 2VJ/TC (6)
< [ -3 ) = ] JA
ANuBeWWnIeedtygIANaRuaziiAnty 2 vinresnudaunn
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® 3N

o 4
71#3.8 uaARIRIFHINTTLALLLIANADY

3. NAATINNTLUAULLLFAY (Bridge Rectifier) WAsFennszuauLLLing Whauuy
4 . 4 o - - ar
filtiennign Weusdusssaanfagiegudesinuan lalen D, us D,gnludans
- o o o 4 ]
wanszualuaduinaalinedraduneiu Saiusdmanaseuivaaiudoygn

J J J [ 4 1
PiunaulnaAiadgurduiiivanddniy

Voo = 2V/T @8
4 [ ) 4-
AMunR Wi 2 vinreaanunauwm
Fot = 2F, @)

® :
R

d -
N30 uamssszFensTuauniEes

¥ J = &% o A (]
faiduatnmvilaesarFmnszusunnindde fevldlatanti 4 5 Tneilalenusi
J o as O 2 o i %\1 ‘t o T J =3 aa o o
avgasadLMyIYNATIgNARY RaziatymidlenddinyAegliaAAn nszunau
4 L] ] ] o : 4 ¥ L A °.
panaianlalanausiag (1.4 v) axiinalunas salunistiouiAiusinig msldnes
Faenszusuuuiiwmlnanazminsaundt mnziiussuanaianlalaaiesione (0.7v)
4 o L o
WamGmnszualiudn  dygramesnuiidiligliwmbivunzanall vingw
4 ot o z -~ [} ar
nariluszdudygyn TTL W dafuidedeantiuanmdynyiniesussdudyoyn TTL

daneulanissiansasFauiaussfudtyyns (Comparator)
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2935115 naussAUdTYa I (Comparator)
mainuduseuwrmefuausdagihiiy esuainIazs s FaumAsussau
[} :'« - :’4 3 o ar 4 o & ) '.', -
dryannursuindtduymiassiddndnwiug aelivdnFasrnuduiuizoniniduys
= i 4 o Jv [ 3 ar 45 4
Feaduneldan deunsuiidasuiiAiuuangeindussiudunmiidauan dryryniileniv
) <& P e 1 ] Ld ar 45 =) 3 A4
azitiau uasiimnafieuwiniu vV, st widlaunduidasuiidnduuonias
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ndunABunidouan stygrnimiewinnanthann uasiiaweiieauwini v, Adnetng

Input Voltage Output Voltage
\Al V2 Vout
+1 +2 +5
+2 +1 -5
0 0 0
+1 -1 5
-1 +1 +5
-1 2 -5
-2 -1 +5

al ] - 5 Mida,
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arinramnreefudadnnaiidasiiuaaudivaendlsudyaonie T
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3.3 wuamesmsitisulilsunsy
Tudauzarunf i muguaaaissinrsamnian At udanm leimiudly

sawifBumemTmafnmnudnsaaiimmiruandiiu i ureneshilnsaauinsainef
mrzns PIC wef PIC16C57 wea i iutasiuimaluled funnielu 32 usf SeaeanWdmiu
Avhwls wasthidwmefinaiunBupenimndwiullsunsuneniu@n uesill EEPROM

Fosianeuen 2 Alalusd Wemilusunmuuacdeysury 32 lufuansWime

»

~Word Bits Description Read/Write

$0 0000 0000 0000 0000 Pin input states | Read-only

$1 = Pin output latch | Read/Write

$2 - Pin direction “

$3 “ Variable space “
$4-$F L y !

-l al
AMTINZ2 WARIMTNTIFNE] IBIUsA

EEPROM 2 AlalusianiFaalasail

Tug Tud

1000 STFF

data start —Pdataend program end ¢~ program start

51U 3.10 n1edmBenviaeANs i EEPROM

mednuteinfaua dedauaiarusiasraniames azinmmmivantl
1%l EEPROM aavdinuRnuani] (PIC16C57 Aursqlulsunsunmenwdnduimeiwdimesly
Turan) uazwdnusaudasinmlnesnhud deluniminseldsunsuazusamanaiy
wRinldaanumnuasuanius vilasunsadeinumesn RS232 intraninnesld

srouidaassterhivafeaniugauy mudnsmucnsitanlinil
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Transmitted Uitrasonic Wave
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nafildaf fiamann
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1 3.5 351351135 |35 |35 1351|351 35 35 1| 35 3.5 0.00
2 7.0 56 | 56 | 56 | 56 | 56 | 56 | 56 | 56 | 56 | 5.6 5.6 20.00
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Thank you for purchasing the BASIC Stamp Programming Package.

This is the manual for our new BASIC Stamp II module (shown above).
Everything you need to know about programming the Stamp II may
be found in this manual. However, even if you're only interested in the
Stamp II, you may gain useful knowledge by referring to the Stamp I
manual. The Stamp I manual has a collection of interesting application
notes, which may only need slight modification to run on the Stamp II.

If you have any questions, please let us know.

PARALLAX
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System Requirements
To program Stamp IIs, you'll need the following computer system:

IBM PC or compatible computer
3.5-inch disk drive

Serial port

128K of RAM

MS-DOS 2.0 or greater

® & o ¢ o

To power the Stamps, you can use a 9-volt battery (this is the most
convenient method). You can also use a 5-15 volt power supply, but
you should be careful to connect the supply to the appropriate part of
the Stamp. A 5-volt supply should be connected directly to the Stamp’s
+5V pin (also called VDD), but a higher voltage should be connected
to the Stamp’s PWR pin (also called VIN).

Connecting a high voltage supply (greater than 6 volts) to the 5-volt
pin can permanently damage the Stamp.

Packing List

If you purchased the Stamp Programming Package, you should have
received the following items:

Stamp I programming cable (parallel port DB25-to-3 pin)
»  Stamp I manual

» - Stamp I application notes (contained in Stamp I manual)

» Stamp O programming cable (serial port DB3-to-DB9)
*  Stamp I manual (this booklet)

» Stamp I and Stamp II schematics
* 3.5-inch diskette

If any items are missing, please let us know.
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Connecting to the PC

To program a Stamp 11, you'll need to connect it to your PC and then
run the editor/downloader software. In this booklet, it’s assumed that
you have a BS2-IC and its corresponding carrier board (shown below).

To connect the Stamp II to your PC, follow these steps:

1) Plug the BS2-IC onto the carrier board. The BS2-IC plugs into
a 24-pin DIP soeket, located in the center of the carrier. When
plugged onto the carrier board, the words “Parallax BS2-IC”
should be near the reset button.

2) In the Stamp Programming Package, you received a serial cable
to connect the Stamp Il to your PC. Plug the female end into
an available serial port on your PC.

3) Plug the male end of the serial cable into the carrier board’s
serial port.

4) Supply power to the carrier board, either by connecting a
9-volt battery or by providing an external power source.

L—
scanse Area
cl.occ...t.l.;ﬂf’yr

280
an

[N 3

NP GLINPOCOIPOGST D

(AT REYERRER Y X B N J

9-volt 080080000000 000020

Baﬁefy I NI IR R RN E RN Y X B 0 W)
Clips

‘lh_s_lc Shm, "u .o.oo: * Prototyping

esoess0n
IEf22.00a000

Po9CPOOOIPRPS
([ Z AN LY RN ¥ J
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=
™ 24 rom
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AT 3 2] FER
ano [ ¢ 210 v
rolls 200 p1s
P 190 P14
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rs e 1501 P10
pe 1 140,
18 120 P
Pin Heme  Description Consmmonts
1 ™ Serlal output Connect to pin 2 of PC serial DB9 (RX) *
2 RX Serial input Connect to pin 3 of PC seriat DBY (TX) *
3 ATN Active-high reset  Connect to pin 4 of PC serial DB9 (DTR) *
4 GND Serial ground Connect to pin 5 of PC serial DB9 (GND) *
5 PO /0 pin 0 Each pin can source 20 ma and sink 25 ma.
6 P1 /0 pin 1
7 P2 O pin2 PO-P7 and P8-P15, as groups, can each
8 P3 /0 pin 3 source a total of 40 ma and sink 50 ma.
9 P4 Y0 pin 4
10 P5 /0 pin 5
1 P6 1O pin 6
12 P7 /0 pin 7
13 P8 O pin 8B
14 P9 1O pin 9
15 P10 W0 pin 10
16 P11 10 pin 11
17 P12 110 pin 12
18 P13 /0 pin 13
19 P14 10 pin 14
20 P15 /O pin 15
21 +5V.**  +5V suppty 5-vokt input or regulated output.
22 RES Active-low reset Puil low to reset; goes low during reset.
23 GND System ground
24 PWR **  Reguilator input Vonage reguiator input; takes 5-15 vors.

*  For automatic serial port selection by the Stamp || software, there must aiso be a connection
from DSR (DBY pin 6) o RTS (DBY pin 7). This connection is made on the Stamp |l carrier
board. If you are not using the carrier board, then you must make this connection yourseilf, or
use the command-line option to tell the software which serial port to use.

** During normat operation, the Stamp |l takes about 7 mA. In various power-down modes, con-
sumption can be reduced to about 50 PA.
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Starting the Editor

With the Stamp II connected and powered, insert the BASIC Stamp
diskette and then enter the Stamp II directory by typing the following
command from the DOS prompt:

CD STAMP2

Once in the Stamp II directory, you can run the Stamp II editor/
downloader software by typing the following command:

STAMP2

The Stamp I software will start running after several seconds. The
editor screen is dark blue, with one line across the top that indicates
how to get on-screen editor help. Except for the top line, the entire
screen is available for entering and editing BASIC programs.

Command-line options:

There are several command-line options that may be useful when run-
ning the software; these options are shown below:

STAMP2 filename Runs the editor and loads filename.

STAMP2 /m Runs the editor in monochrome mode. May
give a better display on some systems, espe-
cially laptop computers.

STAMP2 /n Runs the editor and specifies which serial port

to use when downloading to the Stamp II (note
thatn must be replaced with a serial port num-
ber of 1-3).

Normally, the software finds the Stamp II by looking on all serial ports
for a connection between DSR and RTS (this connection is made on the
carrier board). If the DSR-RTS connection is not present, then you must
tell the software which port to use, as shown above.
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Entering & Editing Programs

We've tried to make the editor as intuitive as possible: to move up,
press the up arrow; to highlight one character to the right, press shift-
right arrow; etc.

Most functions of the editor are easy to use. Using single keystrokes,
you can perform the following common functions:

* Load, save, and run programs.

¢ Move the cursor in increments of one character, one word, one
line, one screen, or to the beginning or end of a file.

 Highlight text in blocks of one character, one word, one line, one
screen, or to the beginning or end of a file.

 Cut, copy, and paste highlighted text.

» Search for and/ or replace text.

* See how the Stamp [Is memory is being used by your program.
» Identify the version of the BASIC interpreter in your Stamp II.

Editor Function Keys

The following list shows the keys that are used to perform various
functions:

F1 Display editor help screen.

Alt-R Run program in Stamp I (download the program
on the screen, then run it)

Alt-L Load program from disk

Alt-S Save program on disk

Alt-M Show memory usage maps

Alt-I Show version number of BASIC interpreter

Alt-Q ' Quit editor and return to DOS

Enter Enter information and move down one line

Tab Same as Enter

BASIC Stamp |l Manual 0.96 « Parallax, Inc. * (916) 624-8333 » Page 9
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Left arrow
Right arrow

Up arrow
Down arrow
Ctrl-Left

Ctrl-Right

Home

End

Page Up

Page Down
Ctrl-Page Up
Ctrl-Page Down

Shift-Left
Shift-Right
Shift-Up
Shift-Down
Shift-Ctrl-Left
Shift-Ctrl-Right

Shift-Home
Shift-End
Shift-Page Up
Shift-Page Down

Shift-Ctrl-Page Up
Shift-Ctrl-Page Down

Shift-Insert
ESC

Backspace
Delete
Shift-Backspace
Shift-Delete
Ctrl-Backspace

Alt-X
Alt-C
Alt-V

Alt-F
Alt-N

Move left one character
Move right one character

Move up one line

Move down one line
Move left to next word
Move right to next word

Move to beginning of line
Move to end of line

Move up one screen
Move down one screen

Move to beginning of file
Move to end of file

Highlight one character to the left
Highlight one character to the right
Highlight one line up

Highlight one line down

Highlight one word to the left
Highlight one word to the right

Highlight to beginning of line
Highlight to end of line
Highlight one screen up
Highlight one screen down
Highlight to beginning of file
Highlight to end of file

Highlight word at cursor
Cancel highlighted text

Delete one character to the left
Delete character at cursor

Delete from left character to beginning of line

Delete to end of line
Delete line

Cut marked text and place in clipboard
Copy marked text to clipboard
Paste (insert) clipboard text at cursor

Find string (establish search information)

Find next occurrence of string

Page 10 = BASIC Stamp il Manual 0.96 e Parallax, Inc. * (916) 624-8333
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The following list is a summary of the BASIC instructions used by the
BASIC Stamp II. Later in this pamphlet, you'll find complete descrip-

tions of each instruction.

@ This symbol indicates new or greatly improved instructions (compared to
the BASIC Stamp I).

BRANCHING

IF..THEN Compare and conditionally branch.

BRANCH Branch to address specified by offset.

GOTO Branch to address.

GOSuUB Branch to subroutine at address. GOSUBs may be
nested up to four levels deep, and you may have
up to 255 GOSUBs in your program.

RETURN Return from subroutine.

LOOPING
FOR..NEXT  Establish a FOR-NEXT loop.
NUMERICS

LOOKUP Lookup data specified by offset and store in vari-
able. This instruction provides a means to make a
lookup table.

LOOKDOWN  Find target’s match number (0-N) and store in
variable.

RANDOM Generate a pseudo-random number.

DIGITAL VO

INPUT Make pin an input

OUTPUT Make pin an output.

REVERSE If pin is an output, make it an input. If pin is an
input, make it an output.

LOW Make pin output low.

HIGH Make pin output high.

TOGGLE Make pin an output and toggle state.

PULSIN Measure an input pulse (resolution of 2 ps).

BASIC Stamp |l Manual 0.96 © Parallax, Inc. * (916) 624-8333 » Page 11
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L 2R 4

L 4

PULSOUT

BUTTON

SHIFTIN
SHIFTOUT
COUNT

XOuT

*

2

SERIN

SEROUT

ANALOG I/0

L 2

RCTIME

Output a timed pulse by inverting a pin for some
time (resolution of 2 ps).

Debounce button, perform auto-repeat, and branch
to address if button is in target state.

Shift bits in from parallel-to-serial shift register.
Shift bits out to serial-to-parallel shift register.

Count cycles on a pin for a given amount of time
(0 - 125 kHz, assuming a 50/50 duty cycle).

Generate X-10 powerline control codes. For use
with TW523 or TW513 powerline interface module.

Serial input with optional qualifiers, time-out, and
flow control. If qualifiers are given, then the in-
struction will wait until they are received before
filling variables or continuing to the next instruc-
tion. If a time-out value is given, then the instruc-
tion will abort after receiving nothing for a given
amount of time. Baud rates of 300 - 50,000 are
possible (0 - 19,200 with flow control). Data re-
ceived must be N81 (no parity, 8 data bits, 1 stop
bit) or E71 (even parity, 7 data bits, 1 stap bit).

Send data serially with optional byte pacing and
flow control. If a pace value is given, then the
instruction will insert a specified delay between
each byte sent (pacing is not available with flow
control). Baud rates of 300 - 50,000 are possible (0
- 19,200 with flow control). Data is sent as N81 (no
parity, 8 data bits, 1 stop bit) or E71 (even parity, 7
data bits, 1 stop bit).

Output PWM, then return pin to input. This can be
used to output analog voltages (0-5V) using a
capacitor and resistor.

Measure an RC charge/discharge time. Can be
used to measure potentiometers.
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SOUND
¢ FREQOUT Generate one or two sinewaves of specified fre-
quencies (each from 0 - 32767 hz.).
¢ DTMFOUT Generate DTMF telephone tones.
EEPROM ACCESS
¢ DATA Store data in EEPROM before downloading BASIC
program.
READ Read EEPROM byte into variable.
WRITE Write byte into EEPROM.
TIME
PAUSE Pause execution for 0-65535 milliseconds.
POWER CONTROL
NAP Nap for a short period. Power consumption is
reduced.
SLEEP Sleep for 1-65535 seconds. Power consumption is
reduced to approximately 50 pA.
END Sleep until the power cycles or the PC connects.
Power consumption is reduced to approximately
50 pA.
PROGRAM DEBUGGING
DEBUG Send variables to PC for viewing.

BASIC Stamp Il Manual 0.96 * Parallax, Inc. * (916) 624-8333 « Page 13
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Program and Data Memory

The BS2 has 2K bytes of EEPROM which holds the executable BASIC
program and any data. Memory not used by the BASIC program can
be read and written at run-time as a data bank, or initialized with data
at download time. This memory is only affected by downloading or
run-time modification.

There are 32 bytes of RAM which serve as variable space and 1/0 pin
interface for the BASIC program. This memory can be accessed as
words, bytes, nibbles, or bits. Each time the BASIC program is run
anew, this memory is cleared to all zeroes.

So, the 2K byte EEPROM is for program and data, and only affected by
initial downloading or run-time modification. It survives power-down.
The 32 bytes of RAM are for run-time variables and 1/0 pin access.
This memory is cleared each time the BS2 is powered up, reset, or down-
loaded to.

The 2K-byte EEPROM is arranged as follows:
byte $000  Data start

Data end

Program end

byt£T$7 FF  Program start

Page 14 * BASIC Stamp Il Manual 0.96 * Parallax, Inc. * (916) 624-8333
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The 32-byte RAM is arranged as follows:

Word  Birs Desaription RW

30 0000 0000 0000 0000 Pin input states read-only
$1 0000 0000 0000 0000 Pin output latches  read/write
$2 0000 0000 0000 0000 Pin directions read/write
$3 0000 0000 0000 0000 variable space read/write
$4 0000 0000 0000 0000 variable space read/write
$5 0000 0000 0000 0000 variable space read/write
$6 0000 0000 0000 0000 variable space read/write
$7 0000 0000 0000 0000 variable space read/write
$8 0000 0000 0000 0000 variable space read/write
$9 0000 0000 0000 0000 variable space read/write
$A 0000 0000 0000 0000 variable space read/write
$B 0000 0000 0000 0000 variable space read/write
$C 0000 0000 0000 0000 variable space read/write
$D 0000 0000 0000 0000 variable space read/write
$SE 0000 0000 0000 0000 variable space read/write
$F 0000 0000 0000 0000 variable space read/write

Word $0 always reflects the read-state of all 16 I/0 pins. Whether a pin
is an input or output, it's logical state can be read in this word. Word
$0 is accessed by the following symbolic names:

INS

INL
INH

INA
INB
INC
IND

INO

IN15

the entire 16-bit word

the low byte of INS
the high byte of INS

the low nibble of INL
the high nibble of INL
the low nibble of INH
the high nibble of INH

the low bit of INS (corresponds to |/0 pin P0)

the high bit of INS (corresponds to /O pin P15)
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Word $1 contains the output latches for all 16 I/0 pins. If a pin is in
input mode, this data is unused; but, when a pin is in output mode, its
corresponding word $1 bit sets its state. The bits are all readable and
writable, regardless of pin direction. These are its symbolic names:

OouTsS

- OUTL
OUTH

OUTA
ouTB
ouTC
ouTD

ouTo

the entire 16-bit word

the low byte of OUTS
the high byte of QUTS

the low nibbte of OUTL
the high nibble of QUTL
the low nibble of OUTH
the high nibble of OUTH

the low bit of OUTS - corresponds to pin PO

OUT15  the high bit of OUTS - corresponds to pin p15

Word $2 contains the direction bits for all 16 1/0 pins. To place a pinin
input mode, its corresponding word $2 bit must be cleared to 0. To
place a pin into output mode, its corresponding word $2 bit must be
set to 1, at which time its word $1 bit will determine whether it drives
high or low. Word $2 has these symbolic names:

DIRS

DIRL
DIRH

DIRA
DIRB
DIRC
DIRD

DIRO

DIR15

the entire 16-bit word

the low byte of DIRS
the high byte of DIRS

the low nibble of DIRL
the high nibble of DIRL
the low nibble of DIRH
the high nibble of DIRH

the low bit of DIRS - corresponds to pin PO

the high bit of DIRS - corresponds to pin p15
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Words $3-$F are for general purpose variable use and have no pre-
assigned symbolic names. The VAR statement is used to allocate this
memory.

The above text introduced the physical pin-out of the BASIC Stamp II,
as well as the internal EEPROM, RAM, and 1/0 structure. The follow-
ing text discusses the programming of the BS2.

Programeming the BASIC Stamp H

In the BASIC Stamp II, there are two general categories of BASIC state-
ments: compile-time and run-time.

Compile-time statements are resolved when you compile the
program (Alt-R or Alt-M), and they do not generate any executable
code.

Run-time statements generate code and are executed at run-time.

There are three compile-time statements. They are used for declaring
variables, constants, and data. They are:

VAR, CON, and DATA

The VAR statment - defining variables

Your program should begin with a declaration of all of its variables.
VAR statements assign symbolic names to variable RAM (RAM not
used by I/0 - words $3-$F). This is done as follows:

'Declare the variables

cat var nib ‘make “cat” a nibble variable

mouse  var  bit 'make "mouse” a bit variable

dog var  byte ‘make "dog” a byte variable

rhino var  word 'make "rhino” a word variable

snake var  bit(10) ‘make "snake” a 10-piece bit variable
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The compiler will group all words, bytes, nibs, and bits, and respec-
tively arrange them into unused RAM. By pressing Alt-M, you can see
a picture of the RAM allocation. First, the three 1/O words are shown,
then all words, bytes, nibs, and finally, bits, are seen. Empty RAM
follows. Alt-M is a quick way to assess how much RAM you've used.

The VAR usage options are as follows:

'define unique variables

sym1 VAR bit 'make a bit variable
sym2 VAR nib ‘make a nibble variable
sym3 VAR byte ‘make a byte variable
sym4 VAR word ‘make a word variable

‘After bit/nib/byte/word a value may be placed
‘within parentheses to declare an array size:

sym5 VAR nib (10) ‘make a 10 nibble array
‘define variables-within-variables or alias variables

symb VAR symé4 highbit ‘make a bit variable of sym4's highbit
sym/ VAR symé4.lowbit  'make a bit variable of sym4's lowbit
sym8 VAR  sym2 ‘make an aiternate name for sym2

‘When using VAR to assign non-unique variables (a variable
‘name is used in lieu of bit/nib/byte/word(size)), a period may
'be placed after the variable name and followed by modifiers.
‘Modifiers are used to identify sub-pieces of the initially-
'mentioned variable.

sym9 VAR sym4.highbyte.lownib.bit2 'picky, picky...

Here are all the variable modifiers:

LOWBYTE ‘low byte of a word
HIGHBYTE ‘high byte of a word
BYTEO 'byteO (low byte) of a word
BYTE1 ‘byte1 (high byte) of a word
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LOWNIB ‘low nibble of a word or byte
HIGHNIB  'high nibbie of a word or byte

NiBO 'nibl) of a word or byte

NiB1 'nibl of a word or byte

NiB2 'nib2 of a word

NIB3 'nib3 of a word

LOWBIT "low bit of a word, byte, or nibble
HIGHBIT  ‘nhigh bit of a word, byte, or nibble
BITO 'bit) of a word, byte, or nibble
BIT1 ‘bit] of a word, byte, or nibble
BIT2 'bit2 of a word, byte, or nibble
BIT3 'bit3 of a word, byte, or nibble
BIT4 'bit4 of a word or byte

BIT5 'bit5 of a word or byte

BIT6 'bith of a word or byte

BIT7 'bit] of a word or byte

BIT8 'bit8 of a word

BIT9 'bit9 of a word

BIT10 'bit10 of 2 word

BIT11 'bit11 of a word

BIiT12 'bit12 of a word

BIT13 'bit13 of a word

BiT14 'bit14 of a word

BIT15 'bit15 of a word

In summary, to declare variables, VAR statements are used. VAR
statements either declare unique variables or variables-within-variables
and alias-variables.
For defining unique variables:

symbol VAR size (array)

- symbot is a unique name for a variable

- size is either WORD, BYTE, NIB, or BIT

= (array) is an optional expression which declares an array size

For defining variables-within-variables or alias-variables:
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symbol VAR variable.modifiers

- symbol is a unique name for a variable
- variable is a defined variable name
- .modifiers are optional and used to define variables-within-variables

The compiler will group all declarations by size (in the case of unique
variables) and assign them to unused RAM. Alt-M lets you see the
result of this process. Non-unique variables are in-whole or in-part
derived from unique variables and get assigned within the unique-
variable memory.

Keep in mind that you may make alias names for the pin variables:
keyin var ind 'make “keyin" a way to read P5's state.

Note for Stamp | users: W0-W12 (and the corresponding B0-B25) are pre-
defined by the compiler software to make use of Stamp I programs easier. If
you use a Stamp I program with the Stamp II, you can enter the older “Wx"~
and “Bx” variable names without having to define them first.

The CON statment - defining constants

The CON statement is similar to the VAR statement, except that it is
for defining constant values and assigning them to symbolic names.
This is handy for having a single declaration which gets accessed
throughout your program. The CON syntax is as follows:

symbol CON expression ‘assign expression to "symbol”

- symbol is a unique symbolic name for a constant
- expression is a compile-time-resolvable constant

level CON 10 "level” is same as 10 in program
limit CON 10%4<<2 limit” is 160

expressions after CON can contain the following binary operators and
are resolved left-to-right:
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add
subtract
multiply
divide

shift left
shift right
logical AND
togical OR
logical XOR

P V A ™ »1t &
m\/I\

example:

growth  CON 100-light/gel  light” and "get™ are CON's, too

The DATA statment - defining data

EEPROM memory not used by your BASIC program can be used for
data storage. Keep in mind that your BASIC program builds from the
end of memory towards the start of memory. This allocation is auto-
matic. Your data, on the other hand, builds from the start of memory
towards the end. The sum of program and data memory cannot ex-
ceed the 2K byte limit. The compiler will always tell you when you
have a conflict.

DATA statements are used to build data into unused memory. Ini-
tially, the DATA location is set to 0. It is advanced by 1 for each byte
declared. Here is an example DATA statement:

table DATA  "Here is a string...”

Usually, you'll want to precede DATA statements with a unique sym-
bol. The symbol will be assigned a constant value (as if via CON) which
is the current data pointer. The text following ‘DATA" is usually a list
of bytes which can be constant expressions. In the above example (as-
suming this was the first DATA statement in the program), “table”
becomes a constant symbol of value 0; “Here is a string,..” is broken
into individual bytes and placed into EEPROM memory sequentially.
Alt-M and two <SPACE>s will show you the result of this line.
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The DATA pointer may be altered at any time by an @ sign followed
by a new pointer value:

tist DATA @$100,"some data”

DATA has a few variations of use to allocate defined and undefined
data. Defined data is fully declared and known at compile time. Un-
defined data is the mere allocation of data space, while not assigning
values into the bytes of EEPROM (to be done at run-time, instead).
Defined and undefined data are declared as follows:

for defined data:

ree DATA 0,1,23,4,56,7.89 ‘actual bytes

fie  DATA  word 1000 ‘'make two bytes: $E8 and $03

foe ~ DATA 0 (256) ‘256 bytes initialized as 0

for undefined data:

fum DATA (1024) ‘reserved 1K byte of undefined data
abc  DATA  word (16) ‘reserve 16 words of undefined data

Important concept: Defined DATA and BASIC program memory are
always downloaded to the BS2. Undefined data and unused EEPROM
memory are not downloaded. This allows you to change programs
while keeping data, assuming both programs defined the same stretch
of memory as undefined DATA. Alt-M will show you maps of EEPROM
allocation. This download/don’t-download rule is applied to 16-byte
blocks. If any byte within a 16-byte block is defined DATA or BASIC
program, that whole block is downloaded. Use Alt-M to see this.

In summary, DATA is used to define EEPROM byte usage that doesn't
conflict with the BASIC program storage:

* DATA can be preceeded by a symbol which will be assigned the
constant value of the current DATA pointer.

» Byte-size data is assumed, but ‘word’ can be used to break a word
into two bytes of storage.

» The @ sign is used to redirect the DATA pointer. If a symbol preceeds
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a DATA statement and the first thing after DATA is @, the new
pointer value is assigned to the symbol.

* Defined data is spelled out, so to speak, with numbers and letters.
* Defined data may be repeated at the byte or word level using (array).

* Undefined data may be reserved by.using (array) unpreceeded by a
value.

Note: DATA can contain references to DATA symbols:
tl DATA  "Here's table 1...",0
t2 ~ DATA "Here'stable 2..",0
t3  DATA  "Here's table 3...",0
t4 DATA = “Here'stable 4..".0

start DATA  word t1, word t2, word t3, word t4

Run-Time Expressions

Run-time expressions can contain constants, variables, operators, and
parentheses. They are resolved using 16-bit math.

Constants can be in several forms:;

labet A label may be assigned a constant via CON.
$BA1F Hex

%111001111 Binary

99 Decimal

"A” ASCII

Note: When more than one character is within quotes, they are sepa-
rated by the compiler as such: “DOG” becomes “D”,”"0","G".
“String”+$80 becomes: “S”,”t","r",”i”,"n”"," g"+$80.

Variables can be accessed a number of ways:

somevar Some variable.
wordvar. highbit Use modifiers to access sub-variables.
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nibarray(index) A variable followed by an expression in
quotes is indexed as an array (0=1st element).
word.bitQ(bitoffset)  Scan a word, one bit at a time.

If a variable were defined as:
string var byte (10)
It could be accessed as:
string The 1st byte
string (0) The 1st byte
string (1) The 2nd byte
string (9) The 10th (1ast) byte
string.Jownib(nibindex) Nibindex could be 0-19
string.lowbit(bitindex) Bitindex could be 0-79

There are also binary, unary, and conditional expression operators.

Unary operators preceed a variable or constant or (expression) and
have highest priority. They are as follows:

SQR Square root of unsigned 16-bit value

ABS Absolute of signed 16-bit value

~ One's complement of 16-bit value (bitwise not)

- Two's complement of 16-bit value (negation)

DCD 2"n decoder of 4-bit value (0...15 -> 1,2,4,8,16,...32768)

NCD Priority encoder of 16-bit value
(=>32768,=>16384,=>8192,...=1 -> 15,14,13,...1 ; 0 -> $FFFF)

Ccos Cosine of 8-bit value. Resuit is in the range of +-127,
unit circle is 0-255 radial units.
SIN Sine of 8-bit value. Resuit is in the range of +-127,

unit circle is 0-255 radial units.
Examples:

sin bytevar
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sqr 50000

~ inQ

Binary operators take two terms and go between variables, constants,
or expressions. They are as follows:

I
DIG
<<

>>

REV

Examples:

Bitwise AND

Bitwise OR

Bitwise XOR

Limit value to minimum

Limit value to maximum

Addition

Subtraction

Muttipiy

Muitipty and return high 16-bits of resuit
Multipty and retum middle 16-bits of result
(use to simuitaneousty multiply by a whole and a part;
ie. ‘vatue */ $0180" muitiplies by 1 and a hair)
Divide

Divide and return remainder

Return decimal digit; ‘12345 dig 3’ retumns 2
Shift left

Shift right

Reverse order of bits, Isb-justified; ‘%100110 rev 6
yields %011001

ypos * xsize + xpos
randword // 20
countacc min 200 - 200/ 200

Parentheses can be placed to special-order the pattern of expression
resolution. Though unary operators have highest priority and binary
operators have secondary priority, and with those rules expressions
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are resolved left-to-right, parentheses can override priority:

X+1*Y-1 ‘something's wrong here if we need (X+1)*(Y-1)
(X+1)*(Y-1)  ‘doitright

Up to 8 levels of parentheses can be used.

For use within conditional expressions (IF), there is a special unary
operator and several binary operators. These conditional operators have
highest priority of all.

NOT Highest priority unary
AND, OR, XOR  Highest priority binaries

Note: These are arithmetically identical to expression operators:

&
l

A

though they differ in application.

Lower-priority conditional binary operators (still higher than expres-
sion ops):

< Less than

<= Less than or equal to

= Equal to

= Equal to or greater than
> Greater than

<> Not equal

Note: These comparison operators return 0 for false and $FFFF for
true. Combined with NOT, AND, OR, and XOR, complex tests can be
done.

To summarize, here are some examples:

outs = ~ dcd nibarray(index) ‘lookup a nibble, decode it, not it
IF x<1 or not y>3 and (z=0 xor r=3) then loopback
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Ly

SGS-THOMSON
MICROELECTRONICS

IRF840/FI
IRF841/FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss RDs(on) Ip
IRF840 500 V <0.85Q 8A
IRF840FI| 500 V <0.85Q 45A
IRF841 450 V <0.85Q 8 A
IRF841FI 450 V <0.85Q 45 A

= TYPICAL RDS(on) =0.74Q

= AVALANCHE RUGGED TECHNOLOGY

= 100% AVALANCHE TESTED

= REPETITIVE AVALANCHE DATA AT 100°C

APPLICATIONS

=« HIGH CURRENT, HIGH SPEED SWITCHING

= SWITCH MODE POWER SUPPLIES (SMPS)

= CHOPPER REGULATORS, CONVERTERS,
MOTOR CONTROL, LIGHTING FOR

TO-220

ISOWATT220

INDUSTRIAL AND CONSUMER
ENVIRONMENT INTERNAL SCHEMATIC DIAGRAM
D (2)
G (1)
5(3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
IRF
840 | 841 840FI 841FI
Vps |Drain-source Voitage (Vgs = 0) 500 | 450 500 450 \'
Voer |Drain- gate Voltage (Ras = 20 kQ) 500 | 450 500 450 \
Vags |Gate-source Voltage +20 Vv
Ip  [Drain Current (cont.) at T, = 25 °C 8 _ ™8 4.5 4.5 A
Ilp |Drain Current (cont.) at Tc = 100 °C —— 2.8 2.8 A
Iom(+) |Drain Current (pulsed) 32 | a2 32 32 A
Pt |Total Dissipation at T, = 25 °C 2 40 w
Derating Factor 1 0.32 W/°C
Viso |Insulation Withstand Voltage (DC) — 2000
Tsg |Storage Temperature -65 to 150 °c
T; |Max. Operating Junction Temperature 150 °C

() Pulse width limited by safe operating area

November 1996
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IRF840/FI - IRF841/FI

THERMAL DATA

TO-220 ISOWATT220

Rinj-case |Thermal Resistance Junction-case Max 3.12 °C/W
Rinj-amb |Thermal Resistance Junction-ambient Max 62.5 °c/wW
Rthe-s |Thermal Resistance Case-sink Typ 0.5 °c/w

T Maximum Lead Temperature For Soldering Purpose 300 °c
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
laR Avalanche Current, Repetitive or Not-Repetitive 8 A
(pulse width limited by T) max, 8 < 1%)
Eas Single Pulse Avalanche Energy 510 mJ
(starting Tj = 25 °C, Ip = lar, Voo =25 V)
Ear Repetitive Avalanche Energy 13 mJ
(pulse width limited by T; max, & < 1%)
lar Avalanche Current, Repetitive or Not-Repetitive 5.1 A
(Tc =100 °C, pulse width limited by T; max, & < 1%)
ELECTRICAL CHARACTERISTICS (Tcase =25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
V(er)pss |Drain-source lp=250 pyA'  Vgs=0
Breakdown Voltage for IRF840/840FI 500 Vv
for IRF841/841FI 450 Vv
lpss Zero Gate Voltage Vps = Max Rating 25 HA
Drain Current (Vgs= 0) |Vps = Max Rating x 0.8 T.=125°C 250 HA
lgss Gate-body Leakage Vgs=+20V +100 nA
Current (Vps=0)
ON (*)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vas(th) |Gate Threshold Voltage |Vps = Vas lp= 250 pA 2 3 4 v
Rps(on) |Static Drain-source On [Vgs=10V Ip=4.4 A 0.74 0.85 Q

Resistance
Ip(on) |On State Drain Current |Vps > Ip(on) X Rpos(onymax Vas= 10V 8 A
DYNAMIC
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
grs (*) |Forward Vbs > Ip(on) X RDS(onymax lo=4.4A | 4.9 6 S
Transconductance
Ciss Input Capacitance Vps=25V f=1MHz Vgs=0 1100 | 1500 pF
Coss Output Capacitance 190 240 pF
Crss Reverse Transfer 80 110 pF
Capacitance
2/10
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IRF840/FI - IRF841/FI

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING RESISTIVE LOAD
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
td(on) Turn-on Time Vop=200V Ip=4A 40 50 ns
tr Rise Time Ri=4.7Q 35 43 ns
taotty  |Turn-off Delay Time (see test circuit) 80 100 ns
] Fall Time 20 25 ns
Qg |Total Gate Charge Ipb=8A Vgs=10V’ 75 95 nC
Qgs Gate-Source Charge Vpp = Max Rating x 0.8 9 nC
Qgd Gate-Drain Charge (see test circuit) 39 nC
SOURCE DRAIN DIODE
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Isp Source-drain Current 8 A
Ispm(®) |Source-drain Current 32 A
(pulsed)
Vsp (*) |Forward On Voltage Isp=8A Vgs=0 2 \"
ter Reverse Recovery lsp=8 A di/dt = 100 A/us 700 ns
Time Voo =100V T;= 150 °C
Qrr Reverse Recovery 12 uC
Charge

(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5%
(*) Pulse width limited by safe operating area

Safe Operating Area for TO-220

Safe Operating Area for ISOWATT220

GC3I%040 EMEE“
() |,(A)Em = :
4 L LLLL ) 118
. 3 A 1
§ + N 21— i\f@ i n“ 1l
2 1
AN N 10 | ¢
10 LD \_\ 10us L1 =* S 10Gus B
=R/ 100us 5 T~ u
] m. 7 1 Tims [
4 T 0 = N\
4 ims [ 10=‘==a$= 10ms ==
y I f X =:
o V| 0.c. operamionl LM I y i TSy 00ms [
10, 10ms 2 ! il
: 1 - 1 D.C. OPERATONN\¥13
T 00ms FHH 10 4 === = . ==z:
8 i I : E=aaii
. I f—{IRFB41 = IRFBAQ
IRFB41 —— IRFB40 2 ] T
IO-' 483 2 4902 408 .2 48 'o-z 0 458 408 .2 48
10° 10' 10? 100 vy zv) 1 10 10? 10° Vg W
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IRF840/FI - IRF841/FI

Thermal Impedance for TO-220
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Thermal Impedance for ISOWATT220
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IRF840/FI - IRF841/FI

Transfer Characteristics
o210
Ip (A)
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IRF840/F - IRF841/FI

Nommalized Breakdown Voltage vs Temperature
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Unclamped inductive Load Test Circuit

Normalized On Resistance vs Temperature
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Switching Time Test Circuit Gate Charge Test Circuit
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IRF840/FI - IRF841/FI

50 AR A K DO D BN X XD 9.5 e
G R K SR AR

HUALA

DIM. mm inch
MIN. TYP. MAX. MiN. TYP. MAX.
A 4.40 4.60 0.173 0.181
C 1.23 1.32 0.048 0.051
D 2.40 .72 0.094 0.107

D1 1.27 0.050
E 0.49 0.70 0.019 0.027
F 0.61 0.88 0.024 0.034
F1 1.14 1.70 0.044 0.067
F2 1.14 1.70 0.044 0.067
(c] 4.95 5.15 0.194 0.203
G1 24 a2 0.094 0.106
H2 10.0 10.40 0.393 0.409

L2 16.4 0.645
L4 13.0 14.0 0.511 0.551
LS 2.65 2.95 0.104 0.116
L6 15.25 15.75 0.600 0.620
L7 6.2 6.6 0.244 0.260
L9 3.5 3.93 0.137 0.154
DIA. 3.75 3.85 0.147 0.151

of
g
L7
Lé L4
PO11C
i L7 s-THomson




IRF840/F1 - IRF841/FI

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.4 4.6 0.173 0.181
B 25 27 0.098 0.106
D 25 2.75 0.098 0.108
E 0.4 0.7 0.015 0.027
F 0.75 1 0.030 0.039
F1 115 17 0.045 0.067
F2 1.15 1.7 0.045 0.067
G 4.95 52 0.195 0.204
G1 24 2.7 0.094 0.106
H 10 104 0.393 0.409

L2 16 0.630
L3 28.6 30.6 1.126 1.204
L4 8.8 10.6 0.385 0.417
L6 159 16.4 0.626 0.645
L7 9 9.3 0.354 0.366
%) 8 3.2 0.118 0.126

<
(]
= J, PO11G
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@D HAaRRIs CA3730, CA3130A

15MHz, BIMOS Operational Amplifier

November 1996 with MOSFET Input/CMOS Output
Features Description
* MOSFET input Stage Provides: CA3130A and CA3130 are op amps that combine the
- Very High Z; = 1.5 TQ (1.5 x 10120) (Typ) advantage of both CMOS and bipolar transistors.
- Very Low h = 5pA (Typ) at 15V Operation Gate-protected P-Channel MOSFET (PMOS) transistors are
= 2pA (Typ) at 5V Operation used in the input circuit to provide very-high-input
* |deal for Single-Supply Applications impedance, very-low-input current, and exceptional spsed
* Common-Mode Input-Voliage Range Includes performance. The use of PMOS transistors in the input stage
Negative Supply Rall; Input Terminals can be Swung  resuls in common-mode input-voltage capability down to
0.5V Below Negative Supply Rab 0.5V below the negativa-supply terminal, an important
* CMOS Output Stage Permits Signal Swing to Either  21tbute in single-supply applications.
(or both) Supply Ralls A CMOS transistor-pair, capable of swinging the output volt-
age to within 10mV of either supply-voltage terminal (at very
Applk:ations high values of load impedance), is employed as the output
* Ground-Referenced Single Supply Amplifiers cirouit.
* Fast Sample-Hold Amplifiers The CA3130 Series circuits operate at supply voltages
* Long-Duration Timers/Monasiahles ranging from 5V to 16V, (+2.5V to 18V). They can be phase
« High-input-impedance Comparators compensated with a single extemnal capacitor, and have ter-
(ideal Interface with Digital CMOS) min?;‘for aﬂumem of.mt;ﬁsTet W appiw;:
* High-inputimpedance Wideband Amplifiers GpATag MPEYRIPERTRY Jor: wiiaend
. Foll (e.g. Follower for S DA made to permit strobing of the output stage.
Converter) The CA3130A offers superior input characteristics over
* Voitage Regulators (Permits Control of Output Voltage  those of the CA3130.
Down to 0V)
* Peak Detectors
* Single-Supply Full-Wave Precision Rectifiers
= Photo-Diode Sensor Amplifiers
Pinouts Ordering Information
C%M.mm CA3130, CA3130A
DIP, ) (METAL CAN) TEMP,
TOP VIEW TOP VIEW PART NO. | RANGE PKG.
{BRAND) (°c) PACKAGE NO.
-/ CA3130AE | 5510125 [8LdPDIP E83
FRULL !E CA3130AM | -55t0 125 | 8Ld SOIC MB.15
mvE (3130A)
INPUT
NON-NV. [ D CA3130AM96 | -55t0 125 | 8Ld SOIC (Nots) [M8.15
INPUT (3130A)
£ CA3130AT | -55t0125 [8PinMetalGan | T8.C
CA3130BT | 5510125 |[8PinMetiCan |TB.C
CA3130E 5510 125 | 8 Ld PDIP E83
CA3130M -55t0 125 | 814 SOIC M8.15
(3130)
CA3130M96 | -5510 125 | 8 Ld SOIC (Nots) |MB.15
{3130)
CA3130T -55t0125 | 8PinMetalCan | TB.C
NOTE: Denotes Tape and Ree).
CAUTION: These davices are sansitive to electrostatic discharge. Users should follow proper IC Handiing Procedures. File Number 817.3

Copyrignt © Haris Corporation 1996 3-64



CA3130, CA3130A

Absolute Maximum Ratings

DC Supply Voltage (Between V+ And V- Terminals) ......... 16V
Differential INPUtVORRGS. . .. ...oovveviereieeenaannrenn. 8V
DCINPULVORBEO ....oovveeneernennnnns (V++8V) to (V- -0.5V)
Input-Torminal CUMOME . .. .. veeen i ieeineeriennnens 1
Output Short-Circuit Duration (Note 1). . .............. Indefinito
Operating co_ndlﬂom

Temperatro RaNgo .. .....ovveeeeenennnnnns -50°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 2)  8)4 (OCW) 635 (°CW)
PDIPPackags................... 100 NA
SOICPackage.............o0nntn 160 NA

Metal Can Package
Maximum Junciion Temperature (Metal Can Package). ...... 175°C

Maximum Junction Tomperature (Plastic Package) ........ 150°C
Maximum Storage Tomperature Range ......... -65°C to 150°C
Maximum Load Temperature (Soldering 10s)............. 300°C

(SOIC - Lead Tips Only)

CAUTION: Sirassas above thoss listed in "Absolule Maximum Ralings” may cause permanant damage 1o the davice. This is a strsss only rating and operation
of the device at these or any other conditions above those indicated in the operationa! sections of this specification is not impfied.

NOTES:
1. Short circult may be applied to ground &fto elther supply.

2. 034 Is measured with the component mountod on an evaluation PC board in free alr.

Electrical Specifications T, =25°C, V+ = 15V, V- = OV, Unless Otherwise Specified

CA3130 CAJ10A
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX MIN TYP MAX [ UNITS
Input Offsat Voltage Vgl Vg =17.5V - 8 15 - 2 5 mv
Input Offset Voltage AVio/AT . 10 c . 10 . UvVrPC
Temperature Drift
input Oftsat Current iho! Vg =£7.5V . 05 30 - 05 20 pA
Input Current b Vg =17.5V - 5 50 - 5 30 PA
Large-Signal Voltage Gain AoL Vo=10Vpp | 50 320 - 50 320 - kVIV
Ry =2kQ
94 110 - 94 110 - daB
Common-Modo CMRAR 70 20 - 80 20 - dB
Rejection Ratio
Common-Mode Input Vicr 0 0.5t0 10 0 0510 10 v
Voltage Range 12 12
Power-Supply AVig/AVg | Vg =175V L 32 320 2 32 150 | avwv
Rejection Ratio
Maximum Output Voltage Vom+ | R =2 12 133 4 12 133 - v
Vou | Ri=2x - 0002 | 001 - 0002 | 001 v
Vomt | RL=w 14.99 15 - 14.99 15 - v
Vomr Ry =00 - 0 0.01 - 0 001 v
Maximum Output Current | lom+ (Source) at Vo = OV 12 22 45 12 22 45 mA
low (Sink) at Vg = 15V 12 20 45 12 20 45 mA
Supply Current M Vo =75V, - 10 15 - 10 15 mA
& =00
N Vo =0V, - 2 3 - 2 3 mA
RL =00 .
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CA3130, CA3130A

Electrical Specifications Typical Values Intended Oniy for Design Guidance, Vgyppry = 7.5V, Ta = 25°C

Unless Otherwise Specified
CA3130,
PARAMETER SYMBOL TEST CONDITIONS CA3130A UNITS
input Offset Voltage Adjustment Range 10k02 Across Terminals 4 and 5 122 mv
ordand1
Input Resistance R 15 hied
Input Capacitance C f=1MHz 43 pF
Equivalent Input Nolse Voltage en BW =0.2MHz, Rg = 1IMQ 23 nv
(Note 3)
Open Loop Unity Gain Crossover Frequency Cc=0 15 MHz
(For Unity Gain Stabitity >47pF Required.) fr
Cc = 47pF 4 MHz
Slew Rate: SR
Open Loop Cc=0 30 Vius
Closed Loop Cc =56pF 10 Vius
Transiant Response: Cc =56pF,
C =25pF,
Rise Time t R =2kQ 0.09 us
{Voltage Foliower)
Ovarshoot 0s 10 %
Settling Time (To <0.1%, VN = 4Vp.p) tg 1.2 ps
NOTE:
3. Although a 1MQ source is used for this test, the equivalent input noise remains constant for values of Rg up to 10MQ.
Electrical Specifications Typical Values Intsnded Only for Design Guidance, V+ = 5V, V- =0V, Ty = 25°C
Unless Otherwise Spacifiad (Note 4)
PARAMETER SYMBOL TEST CONDITIONS CA3130 CA3130A UNITS
Input Offset Voltage Vio 8 2 mv
Input Offset Current o 0.1 0.1 pA
Input Current i 2 2 pA
Common-Mode Rejection Ratio CMRR 80 90 B
Large-Signal Voltage Gain Ay Vo =4Vp.p, R =5k 100 100 kVV
100 100 dB
Common-Mode Input Voltage Range Vicr Oto28 0to28 V'
Supply Current H Vo=5V, R =00 300 300 A
Vo=25V,R =00 500 500 pA
Power Supply Rejection Ratio AVio/AV+ 200 200 uvNv

NOTE:

4. Operation at 5V is not recommended for temperaturas below 25°C.




CA3130, CA3130A

Schematic Diagram
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5. Diodes Ds through Dg provide gate-oxide protection for MOSFET input stage.

Application Information

Circuit Description

Figure 1 is a block diagram of the CA3130 Series CMOS
Operational Amplifiers. The input terminals may be operated
down to 0.5V below the negative supply rail, and the output
can be swung very close to either supply rail in many
applications. Consequently, the CA3130 Series circuits are
ideal for single-supply operation. Three Class A amplifier
stages, having the individua!l gain capability and current
cansumption shown in Figure 1, provide the total gain of the
CA3130. A biasing circuit provides two potentials for
common use in the first and second stages. Tenminal 8 can
be used both for phase compensation and to strobe the out-
put stage into quiescence. When Terminal 8 is tied to the
negative supply rail (Terminal 4) by mechanical or electrical
means, the output potential at Terminal 8 essentially rises to
the positive supply-rail potential at Terminal 7. This condition
of essentially zero cumrent drain in the output stage under the
strobed “OFF" condition can only be achieved when the
chmic load resistance presented to the amplifier is very high

(e.g.,when the amplifier output is used to drive CMOS digita}
circuits in Comparator applications).

Input Stage

The circuit of the CA3130 is shown in the schematic diagram.
It consists of a differential-input stage using PMOS field-effect
transistors (Qg, Q) working into a mirror-pair of bipolar tran-
sistors (Qg, Q) functioning as load resistors together with
resistors Ry through Rg. The mirror-pair transistors also func-
tion as a differential-to-single-ended converter to provide base
drive to the second-stage bipolar transistor (Qy4). Oftset nuil-
ing, when desired, can be effected by connecling a 100,000
potentiometer across Terminals 1 and 5 and the potentiome-
tor slider acrm to Terminal 4. Cascade-connected PMOS
transistors Qp, Q4 are the constant-curent source for the
input stage. The biasing circuit for the constant-currant source

including static electricity during handling for Qg and Q.
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NOTES:

6. Total suppiy voltage {for indicatod voltage gains) = 15V with input
terminals blased so that Terminal 6 potential is +7.5V above Ter~
minal 4.

7. Total supply voitage (for indicated voltage gains) = 15V with out-
put terminal driven to either supply rail.
FIGURE 1. BLOCK DIAGRAM OF THE CA3130 SERIES

Second-Stage

Most of the voltage gain in the CA3130 is provided by the
second amplifier stage, consisting of bipolar transistor Q44
and its cascade-connected load resistance provided by
PMOS transistors Q3 and Qs. The source of bias potentials
for these PMOS transistors is subsequently described. Miller
Effect compensation (roll-off) is accomplished by simply
connecting a smail capacitor between Terminals 1 and 8. A
47pF capacitor provides sufficient compensation for stable
unity-gain operation in most applications.

Blas-Source Circuit

At total supply voltages, somewhat above 8.3V, resistor Rp
and zener diode Zy serve to establish a voitage of 8.3V across
the series-connected circuit, consisting of resistor Ry, diodes
D4 through D4, and PMOS transistor Q4. A tap at the junction
of resistor Ry and diode D4 provides a gate-bias potential of
about 4.5V for PMOS transistors Q4 and Qs with respect to
Terminal 7. A potential of about 2.2V is developed across
diode-connected PMOS transistor Qq with respect to Terminal
7 to provide gate bias for PMOS transistors Qy and Qa. It
should be noted that Qy is “mimmor-connected (see Note 8)° to
both Qs and Q3. Since transistors Qq, Qp, Q3 are designed to
be identical, the approximately 200tA cument in Qy estab-
lishes a similar current in Qp and Qg as constant cument
sources for both the first and second amplifier stages, respec-
tively.

At total supply voitages somewhat less than 8.3V, zener
diode Z; becomes nonconductive and the potential,
dsveioped across series-connected Ry, D4-Dy, and Qq, var-
ies directly with variations in supply voitage. Consequently,
the gate bias for Q4, Qs and Qo, Qg varies in accordance
with supply-voltage variations. This variation results in

deterioration of the power-supply-rejection ratio (PSRR) at
total supply voltages below 8.3V. Operation at total supply
voitages below about 4.5V results in seriously degraded
performance.

Output Stage
The output stage consists of a drain-loaded inverting ampli-
fier using CMOS transistors operating in the Class A mode.
When operating into very high resistance joads, the output
can be swung within miflivolts of either supply rail. Because
the oulput stage is a drain-loaded ampiifier, its gain is
dependent upon the load impedance. The transfer charac-
teristics of the output stage for a load retumed to the nega-
tive supply rall are shown in Figure 2. Typical op amp loads
are readily driven by the output stage. Because large-signal
excursions are non-linear, requiring feedback for good wave-
form reproduction, transient delays may be encountered. As
a voitage follower, the amplifier can achieve 0.01% accuracy
levels, including the negative supply rail.
NOTE:
8. For general informnation on the characteristics of CMOS transis-
tor-pairs in linaar-circuit applications, see File Number 619, data
shest on CA3600E “CMOS Transistor Array”.
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SUPPLY VOLTAGE: V4 = 16, V-c OV
Ta=28°C
by LOAD RESISTANCE = 5kQ
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OQUTPUT YOLTAGE (TERMINALS 4 AND 8) (V)
hat 31

0 25 5 75 10 125 15 178 20 225
GATE YOLTAGE (TERMINALS 4 AND 8) (V)

FIGURE 2. VOLTAGE TRANSFER CHARACTERISTICS OF
CMOS OUTPUT STAGE

input Current Variation with Common Mode Input
Voltage

As shown in the Table of Electrical Specifications, the input
current for the CA3130 Series Op Amps [s typically S5pA at
Ta = 25°C when Terminais 2 and 3 are at a common-mode
potential of +7.5V with respect to negative supply Terminal 4.
Figure 3 contains data showing the variation of input current
as a function of common-mode input voitage at T = 25°C.
These data show that circuit designers can advantageously
exploit these characteristics to design circuits which typically
require an input current of less than 1pA, provided the com-
mon-mode input voltage does not exceed 2V. As previously
noted, the input current is essentially the result of the leakage
current through the gate-protection diodes in the input circuit
and, thersfore, a function of the applied voitage. Although the
finite resistance of the glass terminal-to-case insulator of the
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metal can package also contributes an increment of leakage
current, there are useful compensating factors. Because the
gate-protection network functions as if it is connected to Ter-
minal 4 potential, and the Metal Can case of the CA3130 is
also intemally tied to Terminal 4, input Torminal 3 is essen-
tially “guarded” from spurious leakage currents.

Ta = 25°C

o L7

FIGURE 3. INPUT CURRENT vs COMMON-MODE VOLTAGE

Offset Nulling

Offset-voitage nulling is usually accomplished with a
100,000Q2 potentiometer connected across Terminals 1 and
5 and with the potentiometer slider amm connected to
Terminal 4. A fine offset-null adjustment usually can be
effected with the slider arm positicned in the mid-point of the
potentiometer’s total range.

Input-Current Variation with Temperature

The input current of the CA3130 Series circuits is typically
5pA at 25°C. The major portion of this input current is due to
leakage current through the gate-protective diodes in the input
circuit. As with any semiconductor-junction device, including
op amps with a junction-FET input stage, the leakage current
approximately doubles for every 10°C increase in tempera-
ture. Figure 4 provides data on the typical variation of input
bias current as a function of temperature in the CA3130.

4000
| Vg =176V y
1000 V4
3 /
é 100 /
3
g 10
P 4
4
1 /
60 60 40 20 © 20 40 60 80 100 120 140
TEMPERATURE (°C)

FIQURE 4. INPUT CURRENT vs TEMPERATURE

in applications requiring the lowest practical input current
and incremental increases in current because of “warm-up”
effects, it is suggested that an appropriate heat sink be used
with the CA3130. in addition, when “sinking” or “sourcing®
significant output cumrent the chip temperature increases,
causing an increase in the input current. in such cases, heat-
sinking can also very markedly reduce and stabilize input
current variations.

input Offset Voltage (Vio) Variation with DC Bilas and
Device Operating Life

it is well known that the characteristics of a MOSFET device
can change sfightly when a DC gate-source bias potential is
applied to the device for extendad time periods. The magni-
tuds of the change Is increased at high temperatures. Users
of the CA3130 should be alert to the possible impacts of this
effect if the application of the device involves extended oper-
ation at high temperatures with a significant differential DC
bias voitage applied across Terminals 2 and 3. Figure §
shows typical data pertinent to shifis in offset voltage
encountared with CA3130 devices (metal can package) dur-
ing life testing. At lower temperatures (metal can and plas-
tic), for example at 85°C, this change in voitage is
considerably less. In typical linear applications where the dif-
ferential voltage is small and symmetrical, these incremental
changes are of about the same magnitude as those encoun-
tered in an operational amplifier employing a bipolar transis-
tor input stage. The 2Vpg differential voitage example
represents conditions when the amplifier output stage is
“toggled”, e.g., as in comparator applicationa.

7 T T T T T
Ta = 126°C FOR TO-5 PACKAGES
[ ¢ }

: i

VOLYAGE
ACROSS TERMINALS 2 AND 3) = 0V
VOLTAGE = V+ /2

OFFSET VOLTAGE SHIFT (mV)

00 500 1000 1800 2000 2500 3000 3500 4000

TIME (HOURS)

FIGURE 5. TYPICAL NCREMENTAL OFFSET-VOLTAGE
SHIFT ve OPERATING LIFE
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FIGURE 6B. SINGLE POWER SUPPLY OPERATION

FIGURE 8. CA3130 OUTPUT STAGE IN DUAL AND SINGLE
POWER SUPPLY OPERATION

Power-Supply Considerations

Because the CA3130 is very useful in single-supply applica-
tions, it is pertinent to review some considerations relating to
power-supply cumrent consumption under both single-and
dual-supply service. Figures 6A and 6B show the CA3130
connected for both dual-and single-supply operation.

Dual-supply Opsration: When the output voitage at Terminal
6 is OV, the currents supplied by the two power supplies are
equal. When the gate terminals of Qg and Q42 are driven
Increasingly positive with respect to ground, current flow
through Q42 (from the negative supply) to the load is
increased and current flow through Qg (from the positive
supply) decreases correspondingly. When the gate terminals
of Qg and Q42 are driven increasingly negative with respect
to ground, current flow through Qg is increased and current
fiow through Q45 is decreased accordingly.

Single-supply Operation: Initially, let it be assumed that the
value of Ry is very high (or disconnected), and that the input-
terminal bias (Terminals 2 and 3) is such that the output termi-
nal (No. 6) voltage is at V+/2, Le., the voltage drops across Oy
and Qq2 are of equal magnitude. Figure 20 shows typical qui-
escent supply-current vs supply-voitage for the CA3130 oper-
ated under these conditions. Since the oulput stage is
operating as a Class A amplifier, the supply-current will
remain constant under dynamic operating conditions as long
as the transistors are operated in the linear portion of their
voltage-transfer characteristics (see Figure 2). if either Qg or
Q42 are swung out of their linear regions toward cut-off (a
non-linear region), there will be a comesponding reduction in
supply-current. In the exireme case, e.g., with Terminal 8

swung down to ground potential (or tied to ground), NMOS
transistor Qq2 is completely cut off and the supply-current to
series-connected transistors Qg, Q42 goes essentially to zero.
The two preceding stages in the CA3130, however, continue
to draw modast supply-current (see the lower curve in Figure
20) even though the output stage is strobed off. Figure 6A
shows a dual-supply amangement for the oulput stage that
can also be strobed off, assuming Ry_= o by pulling the poten-
tial of Terminal 8 down to that of Terminal 4.

Let it now be assumed that a load-resistance of nominal
value (e.g., 2kQ) is connected between Terminal 6 and
ground in the circuit of Figure 6B. Let it be assumed again
that the input-terminal bias (Terminals 2 and 3) is such that
the output terminal (No. 6) voltage is at V+/2. Since PMOS
transistor Qg must now supply quiescent current to both Ry
and transistor Q42, it should be apparent that under these
conditions the supply-curent must increase as an inverse
function of the R magnitude. Figure 22 shows the voltage-
drop across PMOS transistor Qg as a function of load cur-
rent at several supply voltages. Figure 2 shows the voltage-
transfer characteristics of the output stage for several values
of foad resistance.

Wideband Noise

From the standpoint of low-noise performance consider-
ations, the use of the CA3130 is most advantageous in appli-
cations where in the source resistance of the input signal is
on the order of 1MQ or more. In this case, the total input-
referred noise voltage is typically only 23uV when the test-
circuit amplifier of Figure 7 is operated at a total supply voit-
age of 15V. This value of total input-referred noise remains
essentially constant, even though the value of source resis-
tance is raised by an order of magnitude. This characteristic
is due to the fact that reactance of the input capacitance
becomes a significant factor in shunting the source resis-
tance. it should be noted, however, that for values of source
resistance very much greater than 1MQ, the total noise voit-
age generated can be dominated by the thenmal noise con-
tributions of both the feedback and source resistors.

+7.5Y

BW (-3dB) = 200kHz

AMA
v
.é

TOTAL NOISE VOLTAGE (REFERRED
TO INPUT) = 23,V (TYPF) =
FIGURE 7. TEST-CIRCUIT AMPLIFIER (30-dB GAIN) USED
FOR WIDEBAND NOISE MEASUREMENTS

3-70




CA3130, CA3130A

Typical Applications

Voitage Followers

Operationa! amplifiers with very high input resistances, like
the CA3130, are particularly suited to service as voltage
followers. Figure 8 shows the circuit of a classical voltage fol-
lower, together with pertinent waveforms using the CA3130
in a spiit-supply configuration.

A voltage followar, operated from a single supply, is shown in
Figure 9, togsther with related waveforms. This follower cir-
cuit is linear over a wide dynamic range, as ilustrated by the
reproduction of the output waveform in Figure 9A with input-
signal ramping. The waveforms in Figure 9B show that the
follower does not lose its input-to-output phase-senss, even
though the input is being swung 7.5V below ground poten-
tial. This unigue characteristic is an important attribute in
both operational amplifier and comparator applications. Fig-
ure 9B also shows the manner in which the CMOS ouiput
stage pemmits the output signal to swing down to the nega-
tive supply-rail potential (i.e., ground in the case shown). The
digital-to-analog converter (DAC) circuit, described later,
ilustrates the practical use of the CA3130 in a single-supply
voitage-followar application.

9-Bit CMOS DAC

A typical cireuit of a 9-bit Digital-to-Analog Converter (DAC)
ls shown in Figure 10. This system combines the concepis of
multiple-switch CMOS ICs, a low-cost ladder network of dis-
crete metal-oxide-film resistors, a CA3130 op amp con-
nected as a follower, and an inexpensive monolithic
regulator in a simple single power-supply amangement. An
additional feature of the DAC is that it is readily interfaced
with CMOS input logic, e.g., 10V logic levels are used in the
circuit of Figure 10.

The circuit uses an R/2R voitage-ladder network, with the
output potential obtained directly by terminating the ladder
arms at either the positive or the negative power-supply ter-
minal. Each CD4007A contains three “inverters”, each
“inverter” functioning as a single-pole double-throw switch to
terminate an arm of the R/2R network at either the positive
or negative power-supply terminal. The resistor ladder is an
assembly of 1% tolerance metal-axide film resistors. The five
arms requiring the highest accuracy are assembled with
series and parallel combinations of 806,000Q resistors from
the same manufacturing lot.

A single 15V supply provides a positive bus for the CA3130
follower amplifier and feeds the CA3085 voitage regulator. A
“scale-adjust” function is provided by the regulator output
control, set to a nominal 10V level in this system. The line-
voltage regulation (approximately 0.2%) permits a 8-bit
accuracy to be maintained with variations of several volts in
the supply. The fiexibility afforded by the CMOS buiiding
blocks simplifies the design of DAC systems tailored to par-
ticular needs.

Single-Supply, Absolute-Value, ldeal Full-Wave Rectifier

The absolute-value circuit using the CA3130 is shown in
Figure 11. During positive excursions, the input signal is fed
through the feedback network directly to the output.
Simuitaneously, the positive excursion of the input signal
also drives the output terminal (No. 6) of the inverting
ampliifier in a negative-going excursion such that the 1N914
diode effectively disconnects the amplifier from the signal
path. During a negative-going excursion of the input signal,
the CA3130 functions as a normal inverting ampiifier with a
gain equal to -Ro/R¢. When the equality of the two equations
shown in Figure 11 is safisfied, the fullwave output is
symmatrical.

Peak Detectors

Peak-detector circuits are easily implemented with the
CA3130, as illustrated in Figure 12 for both the peak-positive
and the peak-negative circuit. It should be noted that with
large-signal inputs, the bandwidth of the peak-negativo cir-
cuit is much tess than that of the peak-positive circuit. The
second stage of the CA3130 limits the bandwidth in this
case. Negative-going output-signal excursion requires a pos-
itive-going signal excursion at the collector of transistor Qq4,
which is loaded by the intrinsic capacitance of the associ-
ated circuitry in this mode. On the other hand, during a neg-
ative-going signal excursion at the collector of Qq4, the
transistor functions in an active “pull-down” mode so that the
intrinsic capacitance can be discharged more expeditiously.
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Top Trace: Output
Center Trace: Input

FIGURE 8A. SMALL-SIGNAL RESPONSE (50mV/DIV.,
200ns/DIV.)

FIGURE 9A. OUTPUT WAVEFORM WITH INPUT SIGNAL
RAMPING (2V/DIV., 500us/DiV.)

Top Trace: Output Signal; 2V/Div., Sus/Div. Top Trace:Output; 5V/Div., 200us/Div.

Center Trace: Difference Signa; 5mV/Div., 5us/Div. Bottom Trace:Input Signal; 5V/Div., 200us/Div.
Bottom Trace: Input Signal; 2V/Div., Sps/Div.
FIGURE 98. OUTPUT WAVEFORM WITH GROUND
FIGURE 8B. INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING REFERENCE SINE-WAVE INPUT

SETTLING TIME (WEASUREMENT MADE WITH
FIGURE 9. SINGLE SUPPLY VOLTAGE FOLLOWER WITH
TEKTRONS TH13 DETERENEIAL AMPLIFER) ASSOCIATED WAVEFORMS. (e.g., FOR USE IN

FIGURE 8. SPLIT SUPPLY VOLTAGE FOLLOWER WITH SINGLE-SUPPLY D/A CONVERTER; SEE FIGURE 9
ASSOCIATED WAVEFORMS IN AN6080)
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10V LOGIC INPUTS
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20Vp.p Input: BW(-3dB) = 230kHz, DC Output (Avg) = 3.2V
1Vp_p Input: BW(-3dB) = 130kHz, DC Output (Avg) = 160mV

FIGURE 11. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL-WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS
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8Vp.p INPUT;

BW (-3d8) = 13MHz

0.3Vp.p INPUT;

BW (-30B) = 280kHz
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FIGURE 13. VOLTAGE REGULATOR CIRCUIT (OV TO 13V AT 40mA)
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FIGURE 14. VOLTAGE REQULATOR CIRCUIT (0.1V TO S50V AT 1A)

Error-Amplifier in Regulated-Power Suppiles

The CA3130 is an ideal choice for error-amplifier service in
regulated power supplies since it can function as an error-
amplifier when the regulated output voltage is required to
approach zero. Figure 13 shows the schematic diagram of a
40mA power supply capable of providing regulated cutput
voitage by continuous adjustment over the range from OV to
13V. Q3 and Q4 in ICo (a CA3086 transistor-amay [C) func-
tion as zeners to provide supply-voltage for the CA3130
comparator (IC1). Q4, Qg, and Q5 in IC; are configured as a
low impedance, temperature-compensated source of adjust-
able refsrence voltage for the error ampilifier. Transistors Qq,
Qo, Q3, and Q4 in IC4 (another CA3086 transistor-array IC)
are connected in parallel as the series-pass element. Tran-
sistor Qg in IC3 functions as a cument-limiting device by
diverting base drive from the series-pass transistors, in
accordance with the adjustment of resistor Ro.

Figure 14 contains the schematic diagram of a regulated
power-supply capable of providing regulated output voltage
by continuous adjustment over the range from 0.1V to 50V
and currents up to 1A. The error amplifier (IC4) and circuitry
associated with IC2 function as previously described,
although the output of IC, is boosted by a discrete transistor
(Q4) to provide adequate base drive for the Darlington-con-
nected series-pass transistors Qq, Qo. Transistor Qg func-
tions in the previously described current-fimiting circuit.

Muitivibrators

The exceptionally high input resistance presented by the
CA3130 is an aftractive feature for muitivibrator circuit
design because it permits the use of timing circuits with high
R/C ratios. The circuit diagram of a pulse generator (astable
multivibrator), with provisions for independent control of the
“on” and “off® periods, is shown in Figure 15. Resistors Ry
and Ry are used to bias the CA3130 to the mid-point of the
supply-voltage and Rj is the feedback resistor. The pulse
repetition rate is selected by positioning S¢ to the desired
position and the rate remains essentially constant when the
resistors which determine “on-period” and “off-period” are
adjusted.

Function Generator

Figure 16 contains a schematic diagram of a function genera-
tor using the CA3130 in the integrator and threshold dstector
functions. This circuit generates a triangular or square-wave
output that can be swept over a 1,000,000:1 range (0.1Hz to
100kHz) by means of a single control, Ry. A voitage-control
input is also available for remate sweep-control.

The heart of the frequency-determining system is an opera-
tional-transconductance-amplifier (OTA) (see Note 10), ICy,
operated as a voltage-controlled current-source. Thoe output,
lo, is a current applied directly to the integrating capacitor, Cy,
in the feedback loop of the integrator 1C,, using a CA3130, to
provide the triangular-wave output. Potentiometer Ry is used
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to adjust the circuit for slope symmetry of positive-going and
negative-going signal excursions.

Another CA3130, IC3, is used as a controlled switch to set
the excursion limits of the triangular cutput from the integra-
tor circuit. Capacitor Cp is a “peaking adjustment” to opti-
mize the high-frequency square-wave periormance of the
circuit.

Potentiometer R3 is adjustable to perfect the “amplitude
symmetry” of the square-wave output signals. Qutput from
the threshold detector is fed back via resistor Ry to the input
of IC4 so as to toggle the current source from plus to minus
in generating the linear triangular wave.

Operation with Output-Stage Power-Booster

The current-sourcing and-sinking capability of the CA3130
output stage is easily supplemented to provide power-boost
capability. In the circuit of Figure 17, three CMOS transistor-
pairs in a single CA3600E (see Note 12) IC array are shown
paralle! connected with the output stage in the CA3130. In
the Class A mode of CA3600E shown, a typical device con-
sumes 20mA of supply current at 15V operation. This
amangement boosts the current-handiing capability of the
CA3130 output stage by about 2.5X.

The ampiifier circult in Figure 17 employs feedback to estab-
lish a closed-loop gain of 48dB. The typical large-signat
bandwidth (-3dB) is S0kHz.

NOTE:

9. See file number 619 for technical information.

-l

E!’

AAA
LA 4

0.01pF
0.1puF
1uF

NOTE:
10. See file number 475 and AN6668 for technical information.

FIGURE 168. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL)
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NOTES:
11. Transistors Qp4, Qpa, Qpg and Qny. Ono, Qg are paraliel connacted with Qg and Q42, respectively, of the CA3130,
12. See file number 619.

FIGURE 17. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3130

Typical Performance Curves
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CA3130, CA3130A

Typical Performance Curves (Continued)
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MM54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923 20-Key Encoder

General Description

These CMOS key encoders provide all the necessary logic
to tully encode an amay of SPST switches. The keyboard
scan can be implemented by either an external clock or
external capacitor. These encoders aiso have on-chip puil-
up davices which permit switches with up to 50 k2 on resist-
ance 1o be used. No diodes in the switch aray are noeded
to eliminate ghost switches. The internal debounce circuit
needs only a single external capacitor and can be defeated
by omitting the capacitor. A Data Avallable cutput goes to a
high level when a valid keyboard entry has been made. The
Data Available output retums to a low level when the en-
tared key is released, even if another key is depressod. The
Data Available will return high to indicate acceptance of the
new koy after a normal debounce period; this two-key rofl-

An internal register remembers the last key preesed even
after the key Is released. The TRI-STATE® cutputs provide
for easy expansion and bus operation and are LPTTL com-
patible.

Features

B 50 k2 maximum switch on resistance

m On or off chip clock

8 On-chip row pull-up devices

® 2 key roll-over

8 Keybounce elfimination with single capacitor
8 Last key register at outpuls

® TRI-STATE outpust LPTTL compatible

over i5 provided between eny two switches. B Wide supply range 3V o 15V
B Low power consumption
Connection Diagrams
Pin Assignment for Pin Assignment Pin Assignment for
Dual-in-Line Packege for SOIC DIP and SOIC Package
xow Y1 =4+ o 08 Ver oWy L]
L AR ¥4 19 5= DATA DT &
wow 33 uhcanous Fowve 2. cara o
Ro% va—fs vj-unone e 12 owracur
"w—gs 18 tuum o romve P‘-Lﬂﬁ'lmﬁ
OSCILLATOR =3 8 1595=
srvaict wese — 7 AR T et e mmwra
oL w4 =48 1= can avanans oRILLATOR LS saramir g
el MEEEN emed . avsrae
coLem xe L2 pan avaanie
TL/F/6037-14 corumm X L2 cowwu 11
Top View Nk L. couw w2
Order Number MM74C922
TUF/6007-2
NM74C922 Order Number MMB4C923 or
TRLSTATE® s a of Nasonsd
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Absolute Maximum Ratings qote 1)

it Military/Acrospace specified devices aro required, Storage Tomperature Range -65°Cto +150°C
please contact the Natlons) Semiconductor Sales Power Dissipation (Pp)
Office/Distributors for avellabiiity and specifications. Duakin-Line 700 MW
Voitage at Any Pin Veg — 0.3V 1o Vee + 0.3V Small Outine 500 mW
Operating Temperature Range Operating Voc Range 3vio 165V
MM54C922, MMS4C23 —55°Cto +125°C Voo 18V
MM74C922, MM74C823 —40°CG1o +85°C Lead Temporat
(Sokdering, 10 goconds) 260°C
DC Electrical CharacteriatiCs min/Max imits appty across temperature range unless ctherwise specifiod
Symbo! | Parameter | Conditions 1 wn | Typ | Mex | Uns
CMOS TO CNOS
Vr+ Pocitve-Going ThreshoidVoltags | Voo = 5V, hy 2 0.7 mA 30 38 43 v
at Osc and KBM Inputs Voo = 10V, iy 2 1.4mA 60 68 86 v
Veg = 16V, Iy > 2.1 mA 20 10 129 v
Vr- Negative-Going Threshold Voltage | Vop = 5V, ky = 0.7 mA 07 1.4 20 v
2t Osc and KBM inputs Voo = 10V, Iy 2 1.4mA 14 32 40 v
Voo = 15V, iy = 21 mA 2.1 5 80 v
Vinet) Logica) “1” input Voltage, Vog = 6V 35 45 v
Except Osc and KBM Inputs Voo = 10V 80 ) v
VoG = 15V 125 135 v
Vingo) Logical “0” input Yoltage, Voo = 8V 0.5 15 v
Except Osc and KBM Inpits Voo = 10V 1 2 v
Vg = 16V 1.5 25 v
p Row Pull-Up Current at Y1, Y2, Ve = 6V, Yy = 0.1 Vg -2 -5 pA
Y3, Y4 and Y5 inputs Yoo = 10V -10 ~20 pA
Veg = 15V —22 —45 | pA
Vourit) Logical “1” Output Voitage Vec =5V, lp= —10pA 45 v
Voo = 10V, o = =10 pA 9 v
Veg = 16V, Ip = —10 pA 13.5 v
Vouro) Logical “0” Output Voltage Voo = 5V,1p = 10 pA 05 v
Veg = 10V, ig = 10 pA 1 v
Voc = 15V, lp = 10 pA 15 v
Ron Column “ON" Resistance at Vee = 8V, Vo = 0.5V 500 1400 a
X1, X2, X3 and X4 Cutputs Veg = 10V, Vg = 1V 300 700 n
Voc = 15V, Vg = 1.5V 200 500 1
lec Supply Current Veo = 5V 0.55 1.1 mA
Osc atov, (one Y low) Voo = 10V 1.1 1.9 mA
Vo = 15V 1.7 26 mA
gty Loqlwﬂ“ input Current Veg = 18V, Viy = 15V 0.005 10 pA
L) %w Vo = 15V, Viy = OV -1.0 —0.005 pA
CMOS/ALPTTL INTERFACE
Vingy Logical “1” input Voitage, 540, Vg = 4.5V Vec - 1.5 v
Except Osc and KBM inputs 74C, Vog = 4.75V Vo — 1.5 v
Vinvioy Logical “0” Input Voltage, 54C, Voo = 45V 08 v
Except Osc and KBM inputs 74C, Ve = 4.75V 0.8 \J
Vouty) | Logical “1” Output Voltage 54C, Vog = 4.5V oY v
746, Vg = ATV
cC = % v
o= —360A e
Vout) | Logical “0” Ouiput Voliage 54C, Vg = 4.5V 04 v
74c,l\tl)- _?;.gVM
cc = 4.
oo —360pA 0.4 v

Nole §: “Absakute Medmurn Ralings™ are thoss vakes bayond which the safety of the device cannct be guarsrtsed. Excopt for “Oparating Tamperatisg Range”
they are not meant to imply thet the devices should be opernted st theee Imits. The tabie of “Elsctrical Cheractaristics” provides conditions for actual devics
operation.




DC Electrical Characteristics
Min/Max timits apply across temperature range unless otherwise specified (Continued)

Symbol | Parameter | Conditions | sn | vwp | Mex | units
OUTPUT DRIVE (Sce 54C/74C Family Characteristics Dats Sheet) (Short Circult Current)
ISOURCE Output Source Current Voc = 5V, Your = OV, —-75 —33 mA
{P-Channel) Ta = 25°C )
Output Source Curremt = 10V, Vouy = OV, -
ISOURCE | P enannel) ¥:°-as-c o - 8 mA
[ Output Sink Current ¥:c=- a:'vc Vout = Voo .75 28 mA
[ Output Sink Current ¥:c_=- a;%v Vour = Veo, * " mA
AC Electrical Characteristics® 1, - 25:, 6, = 50 pF, uniess otherwise noted
- Symbsl Poremoiar | Condlons Min | Typ | Max | units
tpdo: tpdt Propagaton Delay Timo Cy = 50 pF (Figuro 1)
Logicat “0” or Logical “1” Veg = 5V 0 150 ns
fomDA. Vg = 10V 35 80 ns
Ve = 15V 25 80 ns
tor i1 Propagation Delay Time trom Ry = 10k, G = 10 pF (Figuwrs 2)
Logica}“0” or Logical =1 Vgg = 6V, Ry = 10k 80 200 m
into High Impedance State Vg = 10V,Cy = 10pF 85 150 ns
Veg = 15V 50 110 ns
tHo- ta Propagation Delay Time from Ry = 10k, G = 50 pF (Figwe 2
High Impedance State toa Voo = 8V, Ry = 10k 100 250 ns
Logical “0” or Logical “1” Vec = 10V, G = 50 pF 55 125 ns
Ve = 16V 40 20 ns
_Om Input Capacitance Any Input (Noto 2) s 7.5 oF
Cout TRLSTATE Output Capacitance Any Output (Note 2) 10 pF

*AL Parametors are guisontead by DC correlatod testing.

Nole : “Ahsolute Mmdmum Ratings” are those values boyond which the safsty of thu dovios cannot be guarenised. Except for “Operating Termperaturs Rangs™
they are not meant to imply thet the devices should bo operatad at thees Emits. The table of “Elecirical Cheracteristics” provides conditions for actusl device

operation.

Nole 2 Capaciance ks guarantesd by periodic teating.

Switching Time Waveforms
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T1 = T2 = RC, T3 = 0.7 RC, where R = 10k and Cls external capacitor ot KBM input.

FIQURE 1

TUF/6037-4




Block Diagram
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Typical Performance Characteristics

Typical b, vs Viy at
» Any Y Input
Ta=25C
3 33 Veo =15V
§ » 7
2. /
3 ™ /’, Vpg = 10V |
2 /
g
§ | Veo = SV
] ] " 15
Vee - Vm
TUF/8037-8

"
" 11} 1 19
Cosc WP
TUF/8037-8
Typical Applications
Synchronous Handshake (MM74C922)
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Synchronous Dats Entry Onto Bus (MM74C922)
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TU/F/8037-11

Outputs are enabled when vaid entry is made and
go into TRI-STATE when key is released.

Dby omitting the capacitor at osc. and driving osc. directly f the system clock rate is lower than 10 kHz.




Typical Applications continued)

Asynchronous Dsta Entry Onto Bus (MM74C922)
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Outputs ase In TRI-STATE urtil kay is preesed, then deta i placed on bus.
When key Is rsleased, cuiputs retun to TRISTATE.
Exponsion to 32 Key Encoder (MM74C922)
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Theory of Operation

The MM74C922/MM74C923 Keyboard Encoders imple-
ment aft the logic necessary to interface a 16 or 20 SPST
key switch matrix to a digital system. The encoder wifl con-
vert a key switch closer to a 4(MM74C922) or
5(MM74C923) bit nibbla. The designer can control both the
keyboard ecan rate and the kay debounce period by altering
the cecillator capaciter, Casg, and the key bounce mask
capacitor, Cygy. Thus, the MM?740922/MM74C923’s per-
formance can be optimized for many keyboards.

The keyboerd encodera connect o a switch matrix that is 4
rows by 4 columns (MM74C922) or S rows by 4 columns
(MM74C923). When no keys are depressed, the row inputs
are pulled high by intemal pull-ups and the column outputs
sequentially output a logic “0”. These outpuls are open
drain and are therefore low for 25% of the time and other-
wise off. The cohumn scan rate is controlled by the osciiator
input, which consisis of a Schmilt trigger oscifiator, & 2-bit
counter, and a 2-4-bit decoder.

When a key is depressed, key 0, for exampie, nothing wi
happen when the X1 input is off, since Y1 will remnain high.
Whon the X1 column is scanned, X1 goes low and Y1 will go
low. This disables the counter and keeps X1 low. Y1 going

low also initates the key bounce circuit timing and locks out
the other Y inputs. The key code to be output is a combina-
tion of the frozen counter value and the decoded Y nputs.
Once the key bounce circuit imes out, the data Is latched,
and the Data Available (DAV) output goes high.

If, during the key closure the swiich bounces, Y1 input will
go high again, restaring the scan and resefting the key
bounes circuitry. The key may bounce several times, but as
soon as the swilch stays low for a debounce period, the
closure is assumed valid and the data Is latched.

A key may also bounce when it is released. To enswe that
the encoder does not recognize this bounce as another key
closure, the debounce circuit must time out before another
closure is racognized.

The two-key roll-over feature can be [strated by assuming

a key is depressed, and then a second key is depressod.
Since all scanning has stoppod, and all other Y Inmuts are
disabled, the second key is not recognized until the first key
is Hfted and the key bounce circuitry hes reset

The output latches feed TRI-STATE, which is enabled when
the Output Enable (OF) input is taken fow.
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Physical Dimensions inches (miimeters) (Continued)
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MM54C922/MM74C922 16-Key Encoder, MM54C923/MM74C923 20-Key Encoder

Physical Dimensions inches (mitimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used harein:

1. Life support devices or systems are devices or 2. A critical component i3 sny component of a [fe

support device or gystem whose failure o perform can
be ressonably expecied to cause the falkuire of the e
support device or system, or to affect its safety or
effectiveness.

to tho user.
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