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Uninterruptible Power Supply or UPS is designed to supply reserved electrical
energy for uninterruptable load. Inspire of the failing of system or no power supply from
source, load (or computer, etc) be able to work continuously. So UPS is an equipment which
improve stability to load, but it is limited to supply electrical energy which is appropriate
which a lower power system. The UPS in this project is 1 phase power supply, 400 VA.
Rated. Supply 10 minutes at rated power. It is controlled by 8-bit microcontroller, which
generates 50 Hz square wave as switching signal for inverter circuit. This type of inverter is

Push-Pull inverter, which work in off-line mode. Graphic display is shown on PC monitor.
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RET (2)
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3. mseallszauuvannINszua ( Tapered Current Charging )
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2. standby/Backup Charging
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2. BlaszUVINAUTIAHINAN — 1AM ( Over and Under Voltage )
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¥ v ca' d 1 ”a 2 T 3 [ ; [
sunngetsgamnldivgmseliruilifaduneiiasly Sanuezinisilesnulaglulas

¥ L7 ‘; T T 4!
aeulnsataes 4T udyananas v Nyl sulanszuaiines yn TUBENUM TTHIMN
~ A a v A Jd o L% U
Aanszamssinufisaess  lulnsneulnsamesaziinmsianiszeenainszuuriun lnals
= ¥ d' v v :; ~ 5 4! ~ U
finsmhanaufedestusunnafovfadumuin  Jwsziianulilunimseaeuuazia
n'r: (Y3 L 3 ] Y v'/ ¥ T AT A Av :i U

MazfEiunn dariumsshlFdestiulanldnisisufuiita esszgnansensinszuy

Vv o v Yt T T d‘ o v :’J yy
uF sududeenieaeumszlifiinumnzaunsunosiinslFnuailnine 1

4. nszuaivi18913935 ( Short Circuit Current )

danszaenlagiiasnanszua

51 47 saasdidumahaudisnszualriihdasesiiaiee

A A [y 1 Y] P = 1

4. diefanszuainihidaiees  uaashifimsdatsesmediumszdaluanizi

anildunsiade UPS mnfiga serhuiennuuivenuazilasadansszuudalfgdnsal
LY 1Y do s 3 £y

Posfuammsdaisesie  Faiddinanszualasnseynuiumiszasdimniinisdalsasdiu

ay da U v v A 4' YA ci a = 7
;3T ﬂ'mﬂﬂ:ﬂﬂm'i:aaﬂﬂaunumwatﬂum5ﬂmﬂuﬂaum::mﬂmmmamaﬂa UPsS
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=
Unns

Tulnsnoulnsam@es (MCS-51)

Qany d
naaulinves lulnsneulnsame snszga MCS-51
v \ v -~
eamsuviaania vl + 5V gaudad
=3 ¥ o = d o U d
Sivmheanus 1sunsu (Program Memory) ¥1@ 4 Alaluadiniuss 8051
o (Y] d s v o =R ~ d
1828031 HIHSVIURS 8052 AnUIEAING 193 8 Alalud
v o o [y =1 d o [ J
Airmhannuddivsunudeya (Data Memory) ¥R 128 Tua dnsuwes
3052 Aulalaiae 256 Jua
¥ P— U =3 3/ o \ ~ d
hganadidnsusulysun sunasdeyananainnuedieaz 64 flalud
o e d d ~ o v ~ o Y
Slnaisies msimes vuia 16 O 2 ya (@n3u 8052 3 3 3a) hnuld 4 Tnua
v Aa das Y v d o (7] < 5 - v
St umesSnnla 6 unas 5 awes dinsuiues 8052 ¥ulld 8 unas 6 1
4
1195
~ dh s @ Y, g A b7
Sinesiudesdoyasyn 33 (UART) 2 nesnuyy Full Duplex aengUfle 4 Inua

SMFUUM ST AND, OR 1158 Complement Janauuy 8 Tauaz 1 in

5.1 lasaasanigluvyes 8051

Mcs-51 1maliladlunswandluuuy NMOS taz CMOS 183 8032 uay 8052
2zl ROM BASIC agaslussazandiniulysunsauveshondauldsunsusrameuudn

Tnssahamaludmumes 8051 dsuanslugil 5.1 (a) waz 5.1 (b)
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[e g

=
e\
|

5402

4w &0 5

} PC

I INCABENTER

! PR RAM
CLAMmTER

et

<o

N Ll ——

et
RCAPZH
o N

3
o418

™O

w2

SEF
HCaT

PCCM | SCOW | TMOD | TOOW
e

TG
il
PR

P e = F

i1 9411 gf LAt ~ = — , o
YN e N : . - Y
£ 4 Bl BT A w CA ] K JW,, A S

51 5.1 (a) 8051 udenlABzUN33YBI MCS-51
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P10o{]
P[]
P12 [ ]
P13 ]

P14 |

B

P15 [ ]
P18 [ |
P17 (|
RST [_|
P3.OMXD[ |
P3 1/TXD [
P3.2ANTO|_
PRANT [ |
P3 410 (]

PISTY [

P3 8AVR |
P3.7/RD | |
xTar?2 [ 1

XTALY [ ]

vss .o [

W @ N0 b W N

- = -
N =« O

13
14
15
16
17
18
19
20

35

% ™

M eoae/N eO08

40 [ _jvcc

38 JPODL

38 [} PO 1
37 [_JPO2
36 _]PO3

35 | | PO.4

34 i PO.5
33" jros
az2= | PO
31| 1 EA

30 ] ALE
29| ] PSEN

P27

I r28

26 [ 1P25

2L P

27

2a i1 P23

28~ P2 2

P2 AR | P2 1
21 ]P20

51 5.2 M39A19MN YL 8051
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5.2 #asN¥8I 8051

3051 TuluTnsnenTnsame suina 40 11 Saflaeha q da
- Vee (91 40) AiBfY + 5V
- Vss (11 20) 1iluv1 GND
_ wedn 0 (1 32-39) iaviua 8 Ta Ae (P0.7-P0.0) SlAssaIuVY Open-

Drain Bi-directional Aauaaalugyl 5.3

ADDRI/DATA CONTROL Vce

LR
READ i > 7 ) s
LATCH ~~~~~~~ «:;J ) - -

&
|
v/ I
INT.BUS ]
WRITE M "" r
, ‘

— "POX!
PIN
1;’ POX l | X e ‘ |
&= VAN i
A LAQ ——I—-—‘ MUX |
TO = T i
LATCH ¥

READ Lo =]
PIN

A. Port 0 Bit

71 5.3 uamslnsaadie wesm o (in)

d ; a "
_ wen 0 (w1 32-39) Nviaviva 8 i A (P.7-P0.0) 1¥auld 2 wihhi Asuea
LY v o Ay a 1w ¥ s =) < v v
satauasmsimiieden 1 sAadsfumhaanudiseuennialulelonesn  didsins
Y o a 8 \ a - o d - P ° P
Tmaududunmneimdasdeasdn <17 Tudanesnil azdinald Q ves D-FFiilu “0” lr
s 1 v Q oy a J J LY
FET faaadiaaius OFF duanaldeudunmnesnuand lagasdyia READ LATCH
Yunsedufi Tri-State Buffer §IU1UAZA581Y Port (pin) 321y 18t Read (pin)
¢ Y a A vy ‘ v
- woim 1 (11 1-8) iinanua 8 i Ale (P1.O-P1.7) Hlassaandg waim 0 uAes

Tnudumunialunasmma Internal Pull up Register filasaadiaaaga 5.4
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~ 1o 2 (w1 21-28) aniae 8 Tia Ao (P2.7-P2.0) Massadandia nedm o
Taadl FET fansaufaidiudiuuuldnnssiuniuyad nuny(internal pull up) womi
a1 2 Wi de snseldiduueamsaiiaving § 9 (A15-48) uaziilelonadnldau
ildiftersl s unmneimdaadeasin 17 nfinedniineu tedeiuld FET aglu

anIz off Asuaaslugll 5.5

Vee
READ ENB :
LATCH ):} ,
L INTERNAL
| U PULL-UP*
INT. BUS== T LI MR- B\
WRITE ol e | o P
s NETR <X
" LATCH 4 520
Y SN BT
TO i
LATCH : N
; el !
READ i
PIN
B. Port 1 Bit

71 5.4 Tasaa$raveanesn 1 (dn)
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ADDR/DATA CONTROL Vee

READ ____ @8 INTERNAL
LATCH ] : —1 PULL-UP*

[P2x
e 15 :
P2X Y i ) f_J
LATCH i
> Q }O MUX L‘
TO ] l '
LATCH —{> ¥
READ LA k) S
PIN
C. Port 2 Bit

31 5.5 Tnssathavesnesm 2 (Ia)

d o a A v v d
- oM 3 (N 10-17) finaviua 8 I As 1 (P3.7-P3.0) slassaivadianaini
o y = d 2 % a d 3 a )
awld 2 windfedulelewesm duzlisunsuldiiludunmnesndesasasdn “17 um
é A = Y oA R ca Y3 v v £ L
Wemiinau uazBnminfinilaffe lFdedanamiugueenn uazsudmaaudnly dynw

¥ IS ;
F13 9 NeNH

P3.O/RXD (Serial Input Port) iinaniil¥udeyauuveynss (UART)

P3.L/TXD (Serial Output Port) iiuanfil¥dsoyauuveyniu (UART)

P3.2/INT0 (External Interrupt 0) 1¥5udaanamisdasamzainaiaueniues 0

P33/INTI (External Interrupt 1) [95udaananisdasamzainaaueniues |

P3.4/T0 (Counter 0 External Input) MYufyanamiadounmdnléa13as Counter 0 (ilu
Suymlnuamiines)

P3.5/T1 (Counter 1 External Input) mYudayanamiadsunnidnlidaisss Counter 1 (ilu
Surmlnuamings)

P3.6/WR (External Data Memory Write Strobe) Magyasmiugumsiaudeyaainiiig

AN eyamauen



39

P3.J/RD (External Data Memory Read Strobe) Mndayaiaiugun1se1udeyainmig
anudeyamanen

d
Inssaheves (nedn 3) dwaaslugil 5.6

19N 3) Auaasiugy 2.6

ALTERNATE
OUTPUT
FUNCTION
: Vce
READ 020 ] ; !
LATCH "B 5
| . INTERNAL
1 IRULL-UP]
INT.BUS Bl P € : I~
WRITE | et oy o
e} LA 4
-\ i L |
o OF = = )
TO ; ] | 2P
LATCH 1/
N N, S - ¥ ¥ \ b .
READ a— \I\J‘L ( =)
PIN ;
[ <
ALTERNA
INPUT
FUNCTION

51l 5.6 Inseadraveanesm 3 (Ia)



'ALE (w1 39) sthivndeaTasudniulflunsusndueamsaludd) (A7-a0)ids
esnanaIn (Wem 6) Faenasiezueniivin 4 2 At i 1 unviulaida

-PSEN(%1 29) Li‘lmnﬁmm‘ﬁ%'ﬁm%’va'ma’fayamn Program Memory A1848n
Fyanaiissdeeenin 2 A% luudazuay$laRausduiunise iy Internal Program

7 W 4' z
Memory 3 hiifideyanaesndinil

-EA(¥ 30) [¥iasnmizannus iy sunsuaiauen
Hou “o» eazeruldsunsuainmausniv
flou “17 sxawlvunsusnmaludd
RST(W 9) wididn seTidmididaiiisilovasin «17 hiianihnuedates 2
uny¥ulanda
XTALL (1 19) l¥denianeamouenlamiludunmiigreesesadmaned
Mely
XTAL2 (%118) l¥denTomeamauenlamiueninnyesissesadaamed

maly
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5.3 Ha1321983%NY (CPU Timing)

‘
i
Pl
e

2
! i
vmmcmmnmp PPt PP

S35 ss_sa:,s'.,

il ,r-i.u ]

525 LTI i UL UL

ALE

=

-
t
iz

it ;

r-ﬂ. -
: i

!

LAEADKENT CPCCOE AGAN!

(AN -Byie, {-oyoid instrugsom a gl NG A

_ T -, TRy -~ R -~ e ~
o l8iS2V8ag 4 S5 SR [ ST 1528334135386

Ty t-byre, Z-orcia instucoon, 8.4, HNC DPTA.
s !
SEAD CPCOLE !
MOV, f SEAD NEXT CPCODE AGAN ——
READ NEXT B :

-

i

V
o 182 133 } 84§
DY MCVX (1-bvis 2cyce) |

i

(4]
h
I

i

31 5.7 FaamsviniuvesuAazA 193
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mahauly 1 Mdsdigaeziunandiog 1 Sec iwumids INC A Fudludida 1
Tud 1 mwFulaa Feagldndenllniny 12 gn lagndengnii 1 uaz 2 azeglugie S1 P1
uaz S1 P2 uazndengnii 12 Aozeglugia S6P2 siues (Unfiuds Ffigaz RUN digadnania
9INY 12 MHz @993 Ad8A 12 gNazAuaumny 1 Sec)
i 1 uaxFulafa Avsremsihausaun S1 9w S6*
. o & i g o & 7, s o i
51 5.7 () msvhnuvesmida INC A Faudumids 1 Tudvhanuadomely 1 wsdulsfa
o o U = Y é o < IS a
51/ 5.7 (b) MU VBIAITI ADD A #Data Fuilud1de 2 luahnuadalu 1 unsdulefa
51l 5.7 () MTiIMBIAIF INC DPTR Failumids 1 Tue ueivhnuadely 2 unsdvu
laifia

° Y 3 He 13 1o a a
51 5.7 (@) Mmsvhuvesiias MOVX Fuiuids 1 lud ushinwadaly 2 yas¥ulwida



e CHE JAACHNE CYTLE —— 3 tf—— ONE MACHIRE CYCLE ———3~

vooeztss | 4 55 oseis s2 sl s4laa]ose;
ey ey ] - -
s - ! t i i L B :
S, PSS : :
; : H \ | 1 i i
| { | i 1
i H i i
: : . : i)
| . i i WITHOUT A
e EETEEES T - L Y #HOVA
55 . BOH A { | poHouT , POROUT | £CHOUT PCROUT
ik A\ el A\ /
=
’.;k ety — —
o hs foers e L\
Ve ot/ ?5’,' ot
T 5o I R Y.
i
5 E Y i E
; i
i i
125 AT SEEFCUL CLOUT PELOUY
ALID ALY il VALIO
= = I ca UYDUE 2 e
i :
e . 54 S 20 s b sl (es~i~ssl
o i s = iy
It ¢ i
- -— s L i :
: i | !
e T H :
N 1 il =},
o ; I (87
‘_.____.___.J. WITH A
. \ SBOVY
F AT GR P2 OUT 1 soqour AP OUT
= PEAL T { 3 £ % :
o AR ¢ e =Y E WY B R 4
e D A RO ]

31 5.8 uERIRINAINIsAAARIUHHIBAN N IMEBN

31U 5.8 L‘?‘Juﬁmawmﬁ’iuutgms%éaLﬁ'ﬂa{fmﬁ’mﬂniaﬁadamaa Program
Memory 3ga1818n Foviu Faanediezsinlul¥e1ueetTia 210 Program Memory fife
PSEN Ssozueniinl 2 a¥elu 1 unwduleda Suiu é’mygaﬁﬁ%’émi’fegamn Program
Memory 9l¥deyayi1as PSEN 31l 5.8 (b) ﬁluﬁqnawaaé’ngnpmf‘ﬁ%’nﬁém%yamﬂ Data
Memory dayayias PSEN azfitfins 1 gn mszynnawsnezsiuinalumssiudeya
21 Data Memory laal¥deyanas RD (n1581442ya91n Program Memory 3zl¥deyayias
PSEN 1azm3811483a91n Data Memory 3:1¥daanas RD daudaanas ALE s dayaa

151415 Latch Address A7-A0 H11849)



d ¢ 4 ¢
5.417]11!3185/!5111&!&185

4 d d é S Yt o 4 Jd 3 é d v

Tnsiwesnanimes munsadenlvinmshnudulniiues nemitimededis

lasdnils lnadeniila C/T lusdmmeslFaumaniz TMOD dwanslugiii 5.10 Tnua
d d ¢ 4 ay . v oA w oK o 2
Insisiesuaziniimesazly up Counter Register(THx, Th) fadaanuduiluuuuiuiiy
d J A' a

v i3 up Counter Register (Thx, Tk) azgnifinamn q 1 unsdulmda
(12 mua19e3 CPU ose) Inua il lidesileudanannaausnidanusiezl¥daana cPU
0SC

d d - A 1 a =2 A

Tnuamiees up Counter Register (Thx, Tlx) azgnifinsniazniiaiiotlon
daeandenainaiawemdian 1 gnid3niey) To (pin) #38 Ti (pin) agv 14 uaz 15
awdey  laghiaulemunavesriasunazgnnisnsnaeudgyaamidiinmanilages
ATIRABLYN 9 S5P2 vewwsazuusFulmAa AarunIsmIIaRLAden 1 gnazeslia 2
wFulafa (124 Mua1ves CPU osc)

d d 3 r 2
Tassadiaves Iniwes uaz mnines flassadiedsd
2 g v X
- INNIUABS HUVHUAUH up Counter Register (THx, TLx)
v A d '4 é J & As'n

- UEBN KA N8BS Has 1I11nes 1asnfitn C/T

- EIUAILANMINY LazHEANY (Start Counter) AIUANTLA TRx,GATE uaz
dyanainmauen N1 INTx(pin)

W a o % <
lulnuamiiine sezSudunaadain meuenfian Tx pin
d v a w o "
lulnualnsinesaziudunaNadainadend ignmsdan 12 uda

< ¢ y 3 p lw oA -1
- Tﬁm!ﬂ]maiuﬁz‘ﬂu!uaﬂflﬂ]umeiﬂqma?ﬂuiﬂuuuuuﬂﬂu
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ITIRNIRI) i avI U s ramrne ovmeen

GATE | C/T M1 MO | GATE | CT | M1

Mé TMOD

TIMER 1 TIMER 0

TF1 | TR1 | TFO | TRO | IE1 IT1 IEQ | ITO

H HEE O B <771
B s Baw! i)

il

—
H TF1 ’ INTERRURT
sl

TCON

7 59 Fmwihsueesdiniseinniaes 1 (nue 0) 13-bit Counter nazIdmmos

AR

5.5 mslisunsalnstiues mnimas

msldsunsuazdnalifsunsasdily TMOD Samaaf 5.1 &3

BoNERIMUUY Internal Control aeiniagl$iids SETB Trx

idenammuyy External Control aiinianl¥ n13nseduaindygaminuensivn INTx pin

13U 8051
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Mm3197 5.10 msTdsunsulnatmes mimasx (@enn1 TMOD)

TIMER/COUNTER 0

TIMER/COUNTER

2. The Timar  tumed CHEOFF Sv T © T ansaion on iNTG IP3.2) whon THQ = 1 {=arowars cormod).

TMOD e [ _TMOD i
MODE TIMER O INTERNAL EXTERNAL] ]HUBE TIMER 0 [INTERNAL EXTERNAL| ~
FUNCTION CONTROL CONTROL | FUNCTION |[CONTROL CONTROL|
(NOTE ©} (NOTE 2)_5 f { (NOTE 1) (NOTE?2

0 13-bit Timer 00H ogH 1 10 130t Timer | 04H oCH

1 16-bit Timer 314 TS R 160t Tiner | 05H 0DH

2 |B-bit Auto-Reloaa J2H 0AH {2 |8oitAuto-Reload|  06H 0EH

3 ) Two 8-bit Timers 03+ OBH {3 |one8bitcounter! 07H OFH
Az a Timer: Tabte 3 As a Cowter: Table 3
Noles : 1. The Timeris timea ONGFF oy setrgowemng b TRO in Do saiwam.

2

2 The Tumer 15 wmed ONMOEF v re T L 7ansion on T 1 (P3.2) when TRY =9 inarowars conwoll

; Lswas | o TMOD E
| MODE TIMER 1 INTERNAL EXTERNAL MODE ; COUNTER 1 |INTERNAL EXTERNAL

| FUNCTION  CONTRCL CONTROL i FUNCTION |CONTROL CONTROL

i INOTE 31 ‘NOTE 2) 1 (NOTE 1) (NOTE2;
) 13-bit Timer 50R 30H 0 | 130t Timer 40H COH

o 16-bit Timer 1ok 30H 1| 1601 Timer 50H SoH

! 2 {Bbit Auto-Reloag 20 AQH 2 |BbitAuto-Reload|  6OH ZoH

L 3 doas ot run 308 BOH 3 | notavalable & .

As a Timer : Table 5 As a Counter : Table 5

Motea:! The Tener = timed CNCFF ov sevrormarg od TRY 1 Do satwars
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tcMeac
Py T2 | TH2 T2
$ Cizen (8 Bas) | (8543)
T2 P [CONTROL r‘
| 1
TR2 ""\':7 R
:D__ TIMER 2
INTERRUPT
CAPTURE
~—— TRANSITION :
i DETECTION | ml chpwl

g1 511 Tmsiwies 1nsimes 2 Capture Mode

TIMER 2

TREX Pt —

g1 5.12 Tnsise 1m3in03 2 Reload Mode
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mslsunsallnaisies mimes 2

misTilsunsuvzdeslilsunsusily TMOD Sammafi 5.2 34

{Benam MDY Internal Control aminlngl i1 SETB TR2

Fonamuuy External Control aminlaeld msnszduendaanamaveniin T2EX
pin

15U 80C154

1 ¢ d ¢
15197 5.2 Msldsunsulnsises msiines 2 (Gena1 T2CON)

T2CON____ ] mloe:'r
INTERNAL |[EXTERNAL INTERNAL |[EXTERNAL
v 7 i CONTROL | CONTROL A CONTROL | CONTROL
(NOTE 1) | (NOTE 2) (NOTE 1) | (NOTE 2)
16-bit Auto-Relcad 0oH 08H 16-bit Auto-Raload 02H 0AH
16-bit Caoture 01H 08H 16-bit Captuie 03 0BH
BAUTIris siterafeg As a Counter : Tabie 8
raceive & transmit same
baud rate 34H 36H
recaive onty 24H 26H
transmit only 14H 16H
As a Timer : Table 7
o ‘l Wm:z;mmwmn 1 to0 0 transtion an T2EX (P1,1) pin sxcept when Timer 2 8 vaed In the baud ree
peneraing moda.
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a dorgd
5.6 ﬂ’ljﬂggﬂ@jiﬂﬂ

fenmstadamzllsunsuiavasudamiilsunsun3nsdumes5li (nterrupt
Service Routine; ISR) mimmmu&’@ﬁymamﬁ%'awaﬁume‘i%ﬂﬁ‘mzmaﬂaauﬁﬁumﬂq
S5P2 BV wsdilaRadienuud luhaundlsfad 2 snflumsnsiemeuiuiy
vosgunsollauazmdlsifiad 3 evnszlaalihiTisunsuy3nisdume il anterrupt
Service Routine; ISR) 6331 5.13 Bumasfldves MCs-51 ldanein 8 unds uazusiazuvaad

o 1 L ° J !
(i 6 Vector (TInag Ril¥umiaRiaafig dumivesnnmasauandam e 5.3

Q
NTO __/ ITO IEQ i Y

1 5
LIt ] \

TFQ - i
0 l
mﬁ__.a/rn g1
! X \ INTERRUPT
YA { SOUSCES
1 =t

&
y

it~ -
i (80CS52 AND 83C154 ONLY)

51H1 5.13 uvasanvesdyanaBumesla
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Interrupt Enable Register (IE) ¢4 SFR ﬁm‘r‘iﬁ\‘lﬁ (0A8H)

TimugudunesFlald 8 unds gman 52 Uszneu mesnsadanuniels
Humssuneinlildnnismne fyaiideiinsazBuadigl 5.14 mannsadeshulaliife
e anznavmanidifoauetli/5iinda £A 14 Interrupt Enable Register (IE) §16183015
Enable Eumasd%'ﬂﬁﬂmqﬂnmﬁé‘fﬂﬁuﬁaﬁmuﬂ'hl16&'71%6\190@1]115&3{?1’31%14‘15’ usieehaNEN

Tin EA naazideave IE aaanalugyl 5.14

(MSB) _ (LSB)
[Ea | x | er2 | es | Evt [ ext [ €0 | Exo |
Symhol Position Function -

EA IE7 disables all interrupts. if EA-=0,no Interrupt wiltbe acknowledged. IfEA - 1 each
interrupt source is individually enabled or disabled by setting or clearing its
enable bit.

- IEB reserved

ET2 IE5 enables or disables the Timer 2 Overflow arcapture interrupt HET2 =0.the Timer
2 interrupt is disabled.

ES IE.4 enabiles or disables the Serial Port interrupt. If ES =0,the Serial Port interrupt is
disabled.

ET1 IE3 enables ordisablesthe Titner 1 Overflow intecrupt fET 1 =0.the Timer 1intenupt
is disabled.

EX1 &2 enables or disables Externalinterrupt 1 1fEX1 =0,Externalinterrupt 1 is disabled.

ETO IE enables or disables the Timer O Overflow interrupt. f ETO =0 the Timer O interrupt
is disabled.

EXO IE.O enables or disables External Interrupt 0.1 EX0 =0, Exterrialinterrupt O is disabled.

: a d
51 5.14 SeazREAYRIRAINBT IE
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Interrupt Priority Register(IP) ag‘lu SFR fUrHan (0B8H)

° o_ o_ @ a Jos
lihmesduanuddavsinidunes3la

(MSB) ‘ (LSB)
[por | x | P2 | Ps | Pt | Px1 | PTO | Pxo |
Symbot Position Function

PCT P.7 83C154/C154D only.
Priority interrupt circuit controf bit.
The priority register contents are valid and priority assigned interrupts can be procss-
sed when this bit is *0". When the bitis *1°, the priority interrupt circuit is stopped, anv
interrupts can only be controlled by the interrupt enable register (IE).

- IP.6 reserved

PT2 IP.5 defines the Timer 2 interrupt priority level. PT2 = 1 programs it o the higher priority
level.

PS P4 defines the Serial Port interrupt priority level. PS = 1 programs it to the higher prionty
level.

PT1 P.3 defines the Timer 1 interrupt priority level. PT1 = 1 programs it to tha highaer priority
level.

PX1 P2 defines the External Interrupi 1 priority level. PX1= 1 programs it to the higher priofty
level.

PTO P.1 defines the Timer 0 interrupt priority level. PTO = 1 programs it to the higher priority
level.

PX0 IP.0 dafines the External Interrupt 0 priority lavel. PX0 = 1 programs it to the higher priority
level.

5141 5.15 iwazPaaves IP

sheSuaanuningluusazinly @p)

v

PT2: 0 Timer 2 ifwuaNNdAdi1ga
1 Timer 2 JM1AUANNTNYFIGA
PS : 0 wasdﬂﬁiamiaunim UART ﬁa’wﬁ’ummﬁﬁ’qé]m
1 wesnAemseynsu nwunnudRagIga
PT1: 0 Timer 1 fidunudhiaige
1 Timer 1 FNAVANNTNYFIGA
PTO: 0 Timer 0 SddunnsdAaige
1 Timer 0 AN1AVANNDANFITA
PX0: 0 Sumesmevenyiia 0 fdwuanudiasihge
1 sumesnlamauensiia 0 idwuanudnygege
PCT: (83C154/83C154D Only)
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w o W o_ Qs a daw 1 d
0 gaulIMIdad s A NITIAYUBINIIBUNBTIUA
( Priority)
) o’ o & das 1 d
1 TigealFimssadvuanud iy vean1sdunessUald
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Soure Vector Address
IE0 00003H

TF0 000BH

IE1 0013H

TF1 001BH

RI+TI 0023H
*TF2+EXEF2 002BH

5.7 maaulisunsunyisaidinsu MCS-51

Tsupsumbanarfinnuduiluedistsluaiuea 9 1¥4n15 Scan Deyboard and
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A . Y a Y
fl 12 MHz 1 Machine Cycle 1¥nden = 12gnosiunamiy  12{1/(12)10)}=1 S

7111.059 MHz 1 Machine Cycle l¥ndon = 12gnazRunauyiiy 12{1/(11.059)(10°)}

=1.082 S
;Subroutine for Delay time Machine Cycle
DELAY: MOV R0,#01H [] ; lvian RO=01H
DELAY1: DJNZR0, DELAY1 2 ; aafm RO aswiiwd

v L >
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o Ivvidhaundazilu

00
RET 21
57 =MgTV RO.#01H [1] + DINZ RO.DELAY1 [2] +RET [2]
(RO = 01) (RO = 00)
33 =[11+ 2] + [2]
37U =5 Machine Cycle
fua = 518) =58 A 12 MHz
Aune = 5(1.082 S) = 53§ a5 11.085 MHz
dhedhaii 2 &1 Ro=00H szvshenarluimls
35 o3t Ro=00H ifeaafioiniicauvde FFH  duiumids  DINZ
RO,DELAY1 931 256 afa
I = [1] +12]256 + [2]
33 =515 Machine Cycle
padmbell 51501 §)=515 § AR 12MHz
pafmiach! =515 (1.085 §)=5582 § fin1an$2 11.059 MHz

Tlsunsaumaanawuy 2 g1
mspanafimiaalyl 9:Anen Loop 114 g8t Leop wen éifimua RO ihamwau

g1l lusaz R1vhawaugll wen

Tilsunsumiaenawy 3 gl
msmhanandesnsianng q exldgiluendn 1 ¥usamiu 3 Fudalisunsy
¥ ¥
deang
8051 Cross-assember (1.3)(C) 1987, 1989 Binary Technology

Page 1



DEL31.ASM

LOOP3:
LOOP2:
LOOP1:

ORG 0000H
MOV R2,#02H
MOV R1,#03H
MOV R0,#04H
DJNZ R0,LOOP1
DJNZ R1,LOOP2
DJNZ R2,1.OOP3
RET

END

11
(1]
(1
2]
12]
2]
2]
2]
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winame | 1. mistii N3 videauussialy Editor Y04 Visual Basic aziidnuaeniald
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lsz1anvea903ia (Data Type)

% Visual Basic asmistoyaseniy 7 dszian Asmag

Usziandamls | daydnuel iofinly vouwnve sisule
String $ anneves | 151484 65,535 daonys
String + 4

Integer % 2 Bytes -32,768 014 +32,767

Long & 4 Bytes -2,147,483,648 619 — 2,147,483,647

Single ! 4 Bytes -3.402823E+38 @19 —1.401298E+45 U3
+1.401298E-45 ©14 3.402823 E+38

Double # 8 Bytes -1.797693134862315D+308 64 -
4.94066D-324 Uaz +4.94066D-324 D9 +
1.797693134862315D+308

Currency @ 8 Bytes -922337203685477.5808 4 -
922337203685477.5807

Variant (None) Varies Any of the other data types
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1. String 1¥iudeanuding
2. Integer Uoz Long I¥ifusiussmusniudy 33 Long ssliumusnnufinuma
Tney
3. Single 4oy Double 1¥ifuMmYeaAUSIUINGT &9 Double sl uavS ATV
ey
4. Currency Mfushiiusiouiy
5. Variant Widuinlszanlad1dlu 6 dssandaedu Tnsosmlsn/dadinmdoyadish
Uiy
FulsSndsuamwiisimsnndanlste 7 dszamdredu S mnedi
(Constant) Sel¥ifumlanmitsnasan1slilusunsy ndbiimamideulasd Wy o:ldi
uls PI dushnghi
Fautlnlszian String Segdaniu 2 uuuie String huwufilisanmen
(Variable Length) #azuuus1nan213812 (Fixed Length) CT;Q String #YY Variable length
Suesnsonfieunlasnauars wiesiasnusld fuegiunnuzvestoyafihuiy
¢ 9M String YUY Fixed Length 233539130 BUNAB AMEIVBA String A IgIgANIY
vl d1h String winiliudeyaiitnnumadundiimmall dshusiidues

gndanmisaiamng )

f29819M 3 1HUA 1R 2113 String 1JUMVY Fixed length 18 Variable length

Dim Rstring As String * 15

Lstring$ = Rstring

lupssiiausnaziflun1sfivium String UUY Fixed length N3vVA 15 AI0nYS
uaziIn15a 3199 2uils String ¥9 Lstring$ @ufluuuy Variable Length lunssian 2 Tngh
Y = v @ ° U DU Y . v P
Butuaziivng 15 Monus mszgnmvualdfiinufnny Rstring uvinaaansanlasu

wlaslalumavas
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ﬂg‘lunnﬁ"qéaﬁ'wﬂs

1. Sowasuilsavend1dlsiiny 40 Fashus

2. dhdhususnusstessdouiiuiidhus A-Z

3. fhonusmdalleziludasnys A-Z e 0-9 n38A ()

4. hssigeheeraifuniesmnuiilfuaasielszanvesiauds 1o %, &, s, #, 1,
@ vieawhifindesminglaq A4 lunsdifivins Declare Faudsdaef1ds Dim

5. Savnsaulsacdeliidiudiams (Reserved Word)

U W 4‘ y:’ QU s T o <
6. donysludemansailulanssiadnusdalnauazaadn

015 Declare A0 5

=

115 Declare meiauals1y Visual Basic 91119 2 35 fio

v
AadAa

55 1 Explicit Declaration : finiuaszianvesdiauilslaaldmas

Dim <¥ogiauils> AS <dlszianauils>

msinueludnyaetiosimualiluday General H3vazivua 1 idulUsunsa
e 3uAas Procedure f14 UAa 2 F5aziideunnaiafunseanlsi Declare 13udau General
azTugaulsdaunatadl Procedure /1 q m1gli Form SeafuenansaidenlFandld usdwi
119 Declare ‘15‘114 Procedure Glﬂ Procedure ﬁﬁdﬁ%ﬂﬁﬁ’&‘ﬁﬂﬂu Procedure ﬁ'mﬁﬁu A

4 Y] LYY < A‘ [

Ysisnsacenldly Procedure d1lg Tngododuilusiwuilsnvasiny faudlaziivemainy
[=1
EREY

1
aaAq

559 2 Implicit Declareation : Mamvualszianvessulsesieglugl

Fouals <Type Identifier>
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v ” [~{ v d‘ o LY U ﬂv o
WY Mradius!, Vamount@ (Judy Famrstimuadsuandiusdpuaei a2
L w a0 2 v % i 4
mlsriuesdeudouludnuainasanisldandy Procedure 1 uazazdoiniuduils fign
MvualAlFasanizl Procedure 11113

svdudegienisldnnludsh 1 fae M3 Declare fauilsludedish 33 laun

s=landda

Dim Vradius As Single
Dim Varea As Single

i | 1 dsziandauys

i : i

] — | ]

Smdunsiivuaniianals Constant 1914 sz lanmias

Const < ¥osiauils > = <mvssnuils>

L ¥ s :
AT HUAIH

Const PI =3.14159

.
®
Se
'S
=
all

Operator ﬂ’N*]
Operator 1413 Visual Basic azutiseen’s 4 dszian fail

Usziani 1 Assignment Operator
YRunnSearang “=» Galdminuasalrinuiauls vi5e Property U84 Object
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Height% =100
Areal = PI * Radius * 2

MyBox.Text = MyPrompt$

Operator § sxmivuasl¥iusuys v3e Property U049 Object v“iagjmqq’i'mmm
Object ﬁagjma%’wmm A3eaNg “= it mueliususondumnsi nieyszlan
M3 (Expression) #14 daethagu msimualddauls Height C'ﬁagnﬁmuﬂ‘lﬁx’i‘luﬁ’mﬂs
1d5219Nn Integer (ﬁ!ﬂé’ﬂdﬂiﬂﬂ % agadnuils) ANy 100 $39n1591A1910N 1A 134988
wpa1szlanf1d PI * Radius A 2 Ghavasdauils PI guutvenfifaaesvesdauds Radius)
Wurdauls Area Sammalsidudamlsdszian Single GinSosmine ! agvdadauls)

anusaan 3 vessaediadnady Wumsiimuamliiy Property Text w4
Object MyBox (1Waulugi) MyBox Text) Taemft el dldinandanls MyPrompt &4

afnualdiudulsilszan string Ginsasvang § agvdasauls)
g

HUING 1. lun1381989  Property W83 Object 9103l Object-Name Property
(@39 1%} Command1.Caption 130 MyBox.Text Hludu

2. Proterty Text 9£l¥3umaniduesa viie uamsraly Object TextBox 1
9 1wy
AS$ = MyBox.Text f13u1}5 A 5um91n TextBox MyBox @ritlorndhan)
MyBox.Text = A$  Object TextBox '?;B MyBox Fuseinaaudls A Mu
N1 Proterty Text

3. 11ai5zy Property Text H10 amsuvsesmualsiYy Property 3 R

L IS a ¥
AUNRUBUIAN LBY

A$ = MyBox
MyBox = A$

521AN 2 Arithmetic Operators

1fu Operator NFAuM MM Ysznaua e
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nIeavng | Auvng @eea

A gnfiIag Al =324 (3 gnfi1a34)

- !ﬂéﬁ&‘ﬂiﬂﬂﬁ‘ﬂ Al=-1

£/ fa! 138 M3 Al= B! *C!¥50 Al=B!/C!

\ MIMSUUY Integer | A% =B%\ C%

Mod Modulo A% = B% + Mod C%

+,- 1130 ¥i30 v A% = B% + C% 138 A% = B% - C%
& 11560 String AS$ =B$ & CS$

Tun159e String Hasivhanule Ae 1ansald Operator “+” unNY Operator

«&” 1A 195U
AS = “Hello”

BS = “World”
C$=A8 &« &BS
DS =AS+“”+BS

fwea C$ uas DS aziimfufe « Hello, World” usig 511F Operator “+” u
3¢ String Fuiveglufuiaumlslszian Variant ndul#atisneadunisld Operator “&”

Tuniseio 139y

A=“5”
B = “6”
C=A+B

D=A&B

fauds A woz B Fabild¥iins Declare agnimualvidudiulsilszion
Variant uazl#1fy String “5” waz “6” mudei damals C azdinuilu 11 mnzmves A uaz

B azgnuladlilifludamaudasnindiledudunisuan Tuvash D azlinuilu «s67
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9349 (True)
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Relational Operators

WehmdunlSaudaudsslanmdenand 2 Yszlandull Fawadildaziuen

130 1ia (False) aariudasinidlulsylandds If

Operator | A1MNNIG A19819

= MY A% = B% a1l ua33 191989 A% Minumaed B%

<> Dimny A% < > B% aziiluasadicnues A% bimnumved B%

= 1MAAN A% > B% ax5l149338191989 A% 3110 11A1989 B%

< o8N A% < B% axiluo3381a1989 A% 1ean31mued B%

>= wnnhndenhiy | A% > = B% euilue3edinives A% mpndivzeniny

F1u93 B%

<= Hoanhtenhsy | A% < = B% suiluaSedimues A% teandvizeniny
1989 B%

Like WilSuuifio String | AS like BS aziluofe d101909 String A n5aNUAIR
String B

Is lSeuman 5 | A Is B axiilua3adin1ved A uas B 81904 Object 1H8?

Object Y

ded1asy Uselunfi1ee If A% = B% Then Labell.Caption = “These are equal”

4’ A\ L7 U U
eunaie Sehvessanals A whiumaeadants B uda 1dlddena1u “These are equal” 1u

Property Caption 494 Object Labell

sziann 4 Logical (Bitwise) Operators

Operator HlFou1lseland1da (Expression) Hane 9 dszlandndneny lag

waRlSosianily True 1i3e False Wuifgaduuuuil 3 uAaziinonn1si

191611 True W3 False vosuaazlazlaamidamnyiimsyszutana

Operator N5V $129819

Not Logical Negation If Not (A% =B%)

And Logical and If (A% = B%) And (C% = D%)
Or Inclusive or If (A% =B%) Or (C% = D%)
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Xor Exclusive or If (A% = B%) Xor (C% = D%)
Eqv Logical Equivalence If (A% = B%) Eqv (C% =D%)
Imp Implication If(A% = B%) Imp (C% = D%)

° U : ¥ o ~ Y U \J :I ¥
@113 Operator Not Namﬂmnmmmzuwamwmnummﬂmam

mwealszlen §an 1aa1n Operator Not
True False
False True

d1m5y Operator And o idazduegiumussszlonfiannszidoe dediem

wevia 2 1lszlenfisnnazsinily True visg wantldfoziilu True iane

ewaalszlandi 1 avealszlanh 2 18910 Operator And
True True True
True False False
False True False
False False False

&30 Operator Or ¥4 2 1seToruily False iag wafiidaziily False 1o

svenlsclandi 1 weslszTand 2 wa#1da1n Operator Or
True True True
True False True
False True True
False True False

#1151 Operator Exclusive Or (Xor Operator) fma 2 Yszlandiniaieny wah

Yozl True @30
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Avealsslandi 1 velsTonit 2 #a#1de1m Operator And
True True False
True False True
False True True
False False False

#1951 Operator Logical Equivalence (Eqv Operator) dima 2 dszlandinieg

fiu wan 1dozilu False taue

srveatlaclondi 1 | mwsalseland 2 naflden Operator Eqv
True True True
True False False
False True False
False False True

§1%3U Operator Implication (Quarter Imp) nafldazdisuiy False nidiiana

fis mveslselondl 1 15 True tazarvsaszlonf 2 11y False

aealszlanit 1 hasalseTandi 2 wai1dan Operator Tmp
True True True
True False False
False True True
False False True

daunduqun s vealilsunsu (Precess Control)
FuilduguadumahausasiirTmavesilsunsy dsznevllfiongudids

3ngudaunufs ngusd Branching, Iteration U8z Conditional

1

- \J r = - y 2 " .’l A
fhngumdmfunsnsslaadiumshawonmidnichleamideniia  uie

\ v o2

)

o o ﬂ'l A _J
iy 2 ndudendle ngausmilunguiidaidlenselnadialildidnmdanilaudrechinduin
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v
v

T T R T o o ey D
manuismdiegdandidefinazlaall waznguiieeuiienszlaahivihaiubamdenaiy

‘§ = v v (=3 L7 o U o Q'J 73 o q'l d‘ ¥
miisauseaudn ﬂ@zna‘uumNmmﬂmmﬂfommmnnsz‘lﬂﬂ'lﬂm'lﬂ

ague1d4 Iteration

<3| v o Q:l ﬂ'd U o : ¥ :‘1 4 AV o A :’
Lﬂﬂﬂﬂuﬂ'lﬁ@ﬂﬂﬁﬂﬂmzﬂ1‘iﬂ1%] ‘uaﬂﬂiaﬁiﬂmnﬁmzmnvmzmmmumn

o u‘/ =) o :J UA ﬂ'o
sFadandusunsaimeldinewlundiviva

ngueA1d3 Conditional
ﬁ‘Jumjuﬁﬁ'&f‘ﬂ%‘lum5ﬁ'ﬂ?ru1%°lun15ﬁ141umm'3@u'1winq malulilsunsy

A o Q‘J :; \J b4 o Q'J ¥ 4
nguedana 3 ngu avilszneulaléienidanieg aem e

¥8 dssan | WWdmsu
47 5 R J A B
Do ... Loop M masidaannsenaiaey lnilumia
Exit faa ANNISINAN
" o /. -
For ... Next 184 MU INMHUA
Gosub ... Return | A1d4 thamsyinsiylilda Subroutine udanau il sun s
115 Call ion a3
Goto f1da Samaianlilfassiala q luldsunsy
If...Then...Else | douly ruaderlvlumsihnuuuumadenae?
If...Then...Elself | 3ou1v Sadenlulumahnunuiivataniaden
ﬂ‘l 3 o (%4 o ﬂ' [~ v 7
On...Gosub M Samsinga1nliliis Subroutine mudeily (aounlaznay
s
3nfiAs)
On ... Goto Mda thammnanlfassiala q aadewly (induanfidx
~
an
o W 5 A " ~ a
Select Case... Ao snuaitenlalumaianlasiivaianiaaen
Stop fda ngaM 31101111un 1311 Debugging
While ... Wend | 1919 samshauluvacitewlumiluaia
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ﬂdﬂﬁ]ﬁ’& Branching

5 3 o L NP T g
Y&un 153 Goto uaz Gosub Jasaznszlaa ldfmidausnioganin Label NN1HUA

Voo
o W A

i ¥ U 4’ o Q‘J ‘ﬁ' o v T v o 4 T/
UADZUANA NN UN AEd Goto wansziﬂﬂ'lﬂmqmumw‘lunanmmammmmmgmmn
o a1

Sa Goto 5 UARIYS Gosub tienselanliuds munsendusmihnuididsiiogiaaind

&3 Gosub 19 19

Goto Error

Error:

nduﬁ]&’a Iteration
FusdailFlunisiha Segdedy 3 gluuuns 183 For ... Next, Do ... Loop uay

While ...End Sudazivufozfidnsazamsidnunnedennly
14 For ... Next

IS o : o v l:; ¥ ‘:’ L v

SishuaznsTha Tl Block Ingeninsamvuanisa uazmaugainliniug
Snauntaresmsiia dsgnaaunulaud iy (Counter) Maifufiezgnimualiiininy
Misad uazazgnulasuulassmnasaluidayseuven sy aunTENaMURIAIHVIIM

~ A : ﬂ‘ o ¥ < o :’ ﬂ' o L2 ¥4
mumauqﬂmmuﬂ‘h NAza8Nd N Block NIMNAN lﬂﬂﬂ101ﬂ1“ﬂ‘55‘¥lﬂﬂﬂ1ﬂ ﬂ\‘lfj‘ﬂ

MAUANISN

Jszanana IANAIAN D

AINLAY

VR UIYAKSD 1Y ?

fdd

RNNISINNH

qUu1vBIAIS For ... Next AD

For counter = Startvalue To endvalue [Step
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increment]

Next [counter]

[Statements]

#1874 Do ... Loop

VY

azdlagdemi 4 uuuAe Do While, Do until, Loop While uag Loop Until 113 4 uuy

A . oA 1A Qv a1 g Y o o
HITMBUIU wmmau"lmmﬁmmquummu False YHADUN 1IN NI UUBINN 4 UDUUAAS

la-

@78 Flow Chart I8a331

szana

a) Do Until ... Loop

lsza3a

A
aawlugn

dinav3n ?

Naily

19

L)
NNl

¢) Do ... Loop Until

Gowlwan
- —»{ 15370

doan3oli

b) Do While ... Loop

ilszaia

foulugn

Foansols

iy

_nNMS

d)Do ... Loop While



80

A1aan1%11un1398n910 Loop NM311aN

fdaSIna1nfias Exit For uaz Exit Do M1 Exit For 9214180 9114910M1d3 For
. Next dausi1da Exit Do adlidnaiuanmdaridhfauduais Do
ﬂdﬂﬁ]ﬁ’ﬁ Cenditional
Mihmelindumdamaldi@erlouhay dieteuluilénsvgpuiuweie Mids
VA Y Ve v
a1 laun f1aa

IF ... Then ... Else 1% Select Case ... End Select

qiluvlassin lvesdszlantenly
uuui 1 If < (304419 > Then actin

1%4 If A = B Then C = True

i 2 1f< 50114 > Then
action
[Else]
[else-action]
End if
(¥4 | If A=B Then %39 |IfA=BThen
C=C+1 C= True
D=D+1 Else
End If C = False
End If
w3 1f < fo314 > Then
[actions-1]

[Else If < (3034147 2 > Then]
[actions-2]

[Else If < Léﬁ)‘lﬂﬁlﬁ n > Then]
[actions-n]

[Else]
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[else-actions]
End If
uaz'lun'séiﬁﬁm1aﬁw‘hm‘l'§’#‘f’auﬂsﬁ'asﬁn'sﬁ'ulunmﬂ%amﬁau asngolEi

¥4 Select Case U 191F IF ... Then ... Else luuuui 3'14eiadimena

Select Case ThisColo
Case Blue

CtrBlue CtrBlue + 1

Case Red, Green
CirNeiBlue

il

CtrNetBlue + 1
Case Else

CirOther CtrOther + 1

End Select

wpuvan13isamvesamls

muﬂmgnnmuﬂwﬁwmm Declare  aiveutumlunialFanmald Procedure
¥i%p Function f3qAuagiuiim3 Declare Funlafunssi o lavedhilsuns s
snsautlszianvssnudsamuveuwnnisl¥nueentlu 2 )
Ldaulsuuy Private - Saulsyindlesiveuwamsinueglumme  Procedure 38
Function 911015 Declare Sahunilstamotudaninsn Declare uri1s Procedure %
Function fuld Tagi Visual Basie sxspsiaulsimaniuduiulsuasiaiy itevhims
Lﬂéuunnﬂaaﬁ‘t«uaﬁ'znulnl'szmnfhu Procedure 1130 Function wila ahidenaniodaumls
asiami viTIgWauuy Implicit wazuuy Explicit uiftosi1viualy Procedure 30 Function
fidoenisldau
2. damlsuuy Public  faulslszanilezaeinuuuuan ndnife sziiveuuanslganmey
Tunn 9 Procedure %38 Function Meldl Form g any dienianlasmvesiullszan

£%3191% Procedure %39 Function 94728143 Declare San529i1l g IuV09 General
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Array
A % d' o_ W d' A Yo (-7 < T Y a'l ¥
Array ﬂaqmmmuﬂmuamagﬂugﬂmmamwma‘lmmsumunwawayamg
lungaAeny  Array asuanehsondantlslagialil nafe damlaialdezgnifvegly
] o \J o v ¥ T 4‘ U T U =3 T
e s udazduisilideoiioty dausulsasion  Array szgniiveglumiae
° o v Ay A LY A P = v A g ° aa , .
anaslushuniaidetiisafuduiiy dwsiivinalvgive@nmudiuiy A (Dimension)
ftviua Array utseenldiflu 2 Uszam s
1. Static Array §lu Array filvnavesdinmead nasuudaslild
2. Dynamic Array 1ilu Array finlaeumlasvnavesiiala
Jumsae Array 9219015 Declare hudeanudaulsiialal O P LR NG LS ]

VBNV IAVRIITAVDY Array Hnsier1aRI8 FIRHNINY

Dim A(10) As

String

AAUDa Array Ju Visual Basic ansnsainua lddaun 1 FAoUNTZNI04 60 [A
Static Array
Y U ; 4 4! 3 N =3 v
msadiesauts Array dszani desszyninaves Array Sufludamalunudunas

danysnily Array wu

Dim A(100) As Integer
Dim B Te 5, 1 To 5) As

Integer

ndaed1 fauds A szl Array vinafiRAEI$IUIY 100 YA 1331910 A1), AQ),

AQ), ..., A(100) @audautls B ilu Array w0 2 5@ (6 X 5) 11U 25 94 Felszneudie

B, 1) B(1,2) B(, 3) B, 4) B(, 5)
B(2,1) B(2,2) B2, 3) BQ2,4) B2, 5)
B3, 1) BG@3, 2) B@3, 3) B@3, 4 B@, 5)
B4, 1) B4, 2) B4, 3) B4, 4) B, 5)
B(S, 1) B(5, 2) BG, 3) B(5,4) BG, 5)
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Dynamic Array
3 4 (% ; =2
Array dsmamiteansenfdaumlasnnald  dafilums Decare dalideaszy

VNAIUINEY D81 1F

Dim A() As Integer

o :‘:’ ~ ~A ¥y =3 Y 4; &
Array Shuaehiilslanilunsaifin linnudnnavesdoyatiozivasly

Array dotiiedeamsszyteving famansenszrinldlumandadiof1ds ReDim 151

Dim A(100) Integer

Tlsunsuilozuansnasens i@ 1 545 a1uavea Array A af 183 5 mudAy
S uanandatiy 1 1% Loop For ... Next asuananaeensmiuiionys A d E mam
w09 Array B a7t 189 5 mnd1ey Sadueanansidfa ASCILwesiauils X firionq tiaeiil

av1

Control Arrays

wonmilenindausiignnsatnualegluzilves Array udd Object Amanseh
Toglugzives Array laldu@n Ny 34 Object Wudnwaiziloz@ondh Control Arrays

Control Arrays fneNguUeI Object Ysssm@saminngeguy Form lagd
f‘iﬁuﬁﬁﬁuag‘lmasﬁw{eﬁm Object ¥y Object dsaniiRaaunmMs Copy Object‘ﬁ
10103 Form Tagdi Object usni1maduy Form agiid st 0 uae Object Sudalyi
1HA91NNS Copy Object Guoziisduiuufiasviisaue ndfe Sruftozsianidiaud o
QUNIETA 32,767 M3 Control Array Ee q'le Sazdulselamilunsdl  Object St

aumudAndesmnuaviaaq aeaniia iidlsndanalumsats

f1e79 With ... End With

v
o

sidalunseindeamsldmdanaay Mdavy Object gy daligluuuvesriidans

he

With <object>
<ilszlanfmiae>

End With
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asnsamauilsslaamdunaiflmidied e With A3

With Textl
Left=10
Top=0
Width = 200
Height = 200

End With

dow o w g
6.3 Nansudmsmvanlilsunsu
é v ° Q‘.l
NInTU uaz A
111 2 msiaruuadudunme (Reserved Word) PN umsFaullsunsy unezil
Aid Tl
ANARINYNAIN Y AU
d o o u'l 5 o &
~vlendu manefe ygaf1ad (Routine) SHumaiavedilasdianils laams
1 o 5 d Y] dar
deenit slartadosnmslild el dlsdduAumnduan 1wy Wiyl Mids, Len, Format,
Jd o y 4 ° . o q'; o
Sludu mastanduaansadlumaalaas Taasissninidlumideesldlumsmnuanuny
J s 4 o [ v [ 1 ° " o q‘/
W ari¥as “Date” Bialdidlu dlardu szAumndusiiluiuniegivu undwimihimiudida
Vo ¥ @ At @ v
aliimuamueaduntlegiiumu iludu
-ad wngas midalasia il umadeuldsunsansy NUMITI
Branching ﬂﬁiﬂﬁ]ﬁﬂ Interation ﬂdﬂﬁﬁf@ Conditional 1THf
d 1 A o
Han s uNNa 199901 String

HerFuRl#y String azlngeglumaadsii

¥o lszian ¥d s
Asc Hlandu HaaamsTia ASCII Y9962
ONHI
Chr$ Hanau wlaasia Asci il
AIONYIS
d s o .
Format$ lanay fvuagzluuyves String
InStr Handu MU IfIonHI UM
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Lcase$ landu udasiaenysly String 1¥ieg
Tugildasnesduan
Left$ andu dafaes String 21ndaly
an
Len Handu HERIAIAIIHENIVBY String
Lset Handu Sasiadnuslisadne
. d w ¥ \J ° Y.
Ltrim$ Hanau FnY99719U8IMIAN NI
Tadun
o das o o ° T A
Mid$ Handu Faninduniasuiuuas
anugIIENANMHUA
Mid$ M fvuadildiy  String 1u
undanfnue
Right$ vlandfu daf1uea String 20kl
.
dha
Rset Han¥u SafonYIITIAUN
& das o ¥ ¥ °
Rtrim$ andu FAY09719U89A1IANYN
Naldne
Jar ¥ ¥ o :;
Space$ Hanu HEAIY 897 19U 1NN
Myua
Str$ Wan gdasn 1veaditavidid v
String
- d v W : ° 3
String$ andu HaAIISNEIFIAINS IR
Myiua
Trim$ andu fAY9931990R9INM
Ucase$ landu wlasdadnusly String 1oy

Tugpléadnusdalna
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A1TAINUALSHE ASCII 984 String
o v LY . 3 ° das
Tunnsuseisdeamsgmsria ASCII 483 String Faennsoidlasldvleandy

Asc 19U

A% = Asc(“H”)

A% agfiauiu 72 @ailustia ASCII ¥ “H”
wasluvadioam mfennseulasmvesssia ASCID Teglugiiadnuslduiy

faaldHan¥u Chrs

BS = Chr$(72)

Bs azstanilu “Hrwsizar 72 lusvio ASCH YNBDINIONHT “H”

sansufingiteanuA2ae

HrsulFiuiavezlnnggluman Asi

¥o dszam | Wawmdu

Abs vianduy 4ARIA Absolute¥d1aY

At laridu maﬁmmﬁumﬁﬁmuﬂ (711 Arctangent)
Cint Han¥u wlasmdatavlveglugiievuy Integer
CLng Hansu wilassraraviFeglugldaauuyy Long
CSng Hanvu uilasmeaavlfeglugidanuuyy Single
CDbl Handu mlasawiaviregiugifauuyy Double
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whesvzuenaIshIIMsmsanuaneslnavenibule ifuauazailunsnsonunness (
SEC), naim3 SHUT DOWN, Juil, nat, amuz uazfinausd UPS
Tughuvesmagmatlszananaszuadaany 8 Ju  aunsadengmanaanalugluuudng
d‘y N v dw
Tidean1slnadiaeil
y oA ) A A
1.1 Thudene MNUARITAIHZESIAN-AIT-NTZUAUUANADT (SYSTEM )
1.2 fuidensemmnuanainaved3zuy (LOAD)
o o ¢ ¢
1.3 Thudenannnuanin1sdan1 maneumninINYeIB uIRSNeS (TEST)
1.4 TudenvemmuanImsdin1s SHUT DOWN ves5zul (SHUT DOWN)
o ¢

1.5 hudensenndsns SETTING Amain (port) M3lFau (SETTING)

1.6 Ppudsngmsemsinauluunasass (HISTORY)

1.7 {@en9e MNUaAIEN1IZN151191MYBI52YY (BLOCK DIAGRAM)

1.8 Paeumsiauvelilsunsu (EXIT)

TnaneazdoaveadazlumslFauezemaluidede

wnavg  wndteasduRarfumslFaumnsetiendiligiiu HELP fieguuveuans

amuzlg
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2. QBUAAIEONHZUTINY — AIIHE — NIZUAUVANDI
A v a [y [} P!
asiisnuaesluwnilanAnvenseduveussdn  ,  nIzuEmazANuDlag
U a d Y] 4 1 a 1 d
wluly useduBune , ussdue g , ussauLIANe3 ANAAMIBUNA , AUANIUM
Wa , nIzU
3. PUAAINNAVBITZUY
(¥ 7] Y] a W d ~
azfignyaiily SCALE venszaufinamsduys , iNamueming , nszuaeuy
p gl da da o P ~
a , nszua e , nlesidudveslnan , wesidudidngyu taza NI TAUANDT
o o a d J
4. BUAAINITTINISNAABUNITIINIHUDIDULIBINBS
W d a ] - Y
{as0suaaInIsTINISNATDUNITH 1914 BB U MBS oz 1MINNTINN
nenenme el ¥ unatmahiinumumssuinnnurassensliih
5. QOUAAINIITTINIG SHUT DOWN 9332211
o U d 9
6. doTIMIBAMNBINMI T
v 1 d
ssflumsidentaatlunts SHUT DOWN hédeamsnnd uasidenldnesnly
nisaedoya
7. eeengmahnuluusazais
TagazuenteranaInsinuves UPS lusfn
8. WOMAUAAINITTINHVBITZUY

ﬂzuamﬁm1s‘l‘nasumn5zssﬁ1uzsdazan1'szﬂ1sﬁ NIU
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w, DAL SYSTEM
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BLOCK DISGRAK

OO

JUNT.10UAAIADIUZURITZUY
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SHUTDIRAN S S RS P i

SUN MON TUE  WEN THY FRI SAT

Shutdown Time :  Disable | Disable Disable | Disable Disable | Disable Disable |

= =

5711 HAAIRTIAVNIFNS Shut Down

‘5!8‘“8 } Turn OFF Test

4 < a d d
P VAP HARIMINDDNISHINUNATD VD NIDTINDS
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7.10 msesnuuuluguveslulasneulnsames

n1seenuungUnaUTya Y
Tumsiuiiadauanagiaauiezh i lddulviy woainthusazldlulas
QU v [ d
asulnsamesilusiaenadldul¥ NOT GATE uaza1neminaued NOT GATE Tl
suldsusemiauives NOT GATE Mdlumsihlydulvituseaafe 1 8, 10 uazin
d 4 o d ~ a (Y]
wodlulnsneuinsame sl unsadiawadie on PL4 uazin PL5 Jaswdnlumsadia
o o [
Falsuas0s 1w - wa shueamlmisaesegbihaunieuiusezaduiulumsihnm
v U Y a a 53 Y v Y v a
Sutud 3n PL4 iy HIGH dn PL5 fezdeuily LOW lumansanuanueiin P14
Sy Low 50 PLs fezdeudy HiGH lumsild On P14 uaz On P151ilw HIGH
wie LOW thusianinsafiesitidlagldmids SETB wSe CLR uazldiszneunuiaees
v v dem Yo A ~ 0 8 ¥ ¥ A ) ) ¢
whanm aawagnlduiaunsofiesilHuad wse veasenlams nsaaue MRV
v a a [ v ; ¥ A U 4
Tviae nafe eiludheaanzialng Sussgeninalisdind 220 laan Nadhgna3g
I vl d A' d' o 9 [} d = z.l
an lilnsneulnsamefezumseenifiefissilfussdueminveslvandimaii  lums
v Y Y [ d a ¥ v Qb Oich ° v d'i ts' o
annudud s RnveslHaaiinAn 220 Taant Wadhazihinsuadinenazm
b % % d s =i
used e naveslvnanininn
o e o’d' 4 28' -: Y] Qs ¥ ::;u d
mmFuadngnastuniieze s nanm vy 2 LOOP Tasnnad
ci 9 =) v [ d o w 3
annsafzvathieumasen ldmunsiiuve e ninaveslvan  dwdugasililums

snmadunsnianaadldnanuudidiansafiszuaaslaaail
§119% Machine Cycle = 3 + R, {3+R0(z)}*1.oss s

A1 R, uazm R 0ﬁaﬁmmﬁéfmmsﬁﬂamaﬁq‘hﬂmaemﬁ a R, iesldliiiu
\ d‘ o (73 ¥ o ) L7 ¢§ \J U
fnefl dwdum R, szdvualiifudomls PULSE_ON Famludmls PULSE_ON
d‘ U kY U [y d é A Y [y d IS d'
ammmfnzuﬂsm"lﬂmumamﬂwmmm‘vgﬂmamzﬂlmmﬂmamumaﬂ‘naﬂummw
| d‘ ¥ ~ 7
ww A 100 WA R, 3 = 230
M1 R, #A1 = PULSE_ON = 6

Y

o ¥ ﬂ' v g
!.51%“31150(’111431)&?\1!’3@171%14'3\1‘16]&1414
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AaIMMHIG = 91U Machine Cyce = 3+230{3+5(2)}* 1085
s

; 3

AMIATHUIL = 4 mS
mneaztiduyiana PULSE ON agdim = 6 mS

Tugraam OFF  aziim = 4 mS

s 6"1 w & 3 = ]
Frtuwiadiignadelaedin P14 eziivaalums TurnOn = 6 mS
+3192914n15  Turn-Off = 4 mS
Smduniswadn On PLs euPadumumdawes n PL4 llunm 10
A a 7 o ) w d ° [y} 1 d'l 3 =) °
mS Ao ezilszazviszwiewad HIGH = 4 mS dhniulvaamduqdeziinisinay
r-i - 9] ~ ¥ ] [ 3 v ¥ ~
Asleumuigaudazaisnumsaniuganal  Turnon 4az  Turn-off Taadlvaadion
“3’ 1 =~V 5 v ¥
anaudaanadums Turnon dzfiannntiumulifion vazdranalums Turm-on 92
Sehioras Mefordnmmunaildimad #i 20 mS AeanudYy 50 Hz naen

v - SRJ S £%4 ¥ Lz
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fmSuranisnassslulnssnuurdssinivthdemde UPS dulwanimanes

sontilu 2 @iufe

1. wammeassluthuvessiauas  Tnoezuanswanisnansuazgilndvudyana
Tughnng liidluamazdnfvazfinung
2. wamsnaaesludivvsslisunsadsyiawdn ( Visual Basic Program ) 33
sshimsuemananmasesmsuiduynan hilnsreulnsamesuazhims
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uemawamamhsenaufiameslhuuseihaianienslasilnfivasiia
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mmaaedlilsdnduvasneivihdrses
amilszasnlunimaaes

A 2 & g 2
1. fenaasunsoduuuuivinsadauun
2. erhmsemseidluanzilnfvazialng
3. WSaudaunafifavunuanuduass
4. iiesrusaaWanIsnaasdtiernsyulyemely
o " i e a\\ b/ -
5. yhnmsdinlseins sneinnsesduuuulinau

6. TannsanmsnnuesaIndliauy

alnsaiildlunisnanes

1. uwaeoie i wuulSuald (Variac) v 5A , 0 - 260 V
2. whaaedhédises (UPS )

3. avuuiluraealiuvuveealdving 100 W 1134 4 viaen

4. wonillimes vwA 3 Aac

5. handmes viia 0 - 250 Vac

6. evadalaalnil

7. poufumed evhmslEnaNa

8. Software UPS
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Haaan1Inaandlassnuurasng Ivhaises

ar

\ d
8.1 wammﬂaaﬂumummaﬁﬂzns

(Experiment of hardware )

Stopped I 1999/03/15 055351
CH1=5¥ :  CH2=5V - : g Sms/div
DC 10:1 - - DC 10:1 c : : . (Gmsydiv
(o T 1, Normz00KS /s
sERIEE e = s ——
L—w‘-»mmﬂ-"‘ ................ L: ......... ‘- ............................ *'—--m

=Filter=

=0ffset=
Smoothing : ON CH1

BW . FULL CH2 :

0.00V
. 0.00V

=Record Length=
Main :
Zoom

10K
10K

Mode
Type .
Delay :
Hold Off :

=Trigger=

AUTO

EDGE CH1 4
0.0ns

MINIMUM

: 1 a v A d d v
1 8.1 uamsplnauBunalFiuBuIesnes valilinge
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IuannzRadninisldSumasnulnshondunesmes

Stopped 3 1999703715 06.03:00
CHi=10V : : i ; : . 5msydiv
DC 101 ) : H : : . (5msydiv)

: : : : : NORM ZUOkS!s

=Tracel= P—P 3480V

=Filter= =0Offsel= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.0v Main © 10K Mode @ AUTO
BW : FULL CH2 : 0.00V Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off :  MINIMUM

! { o a ¢ ¢ A
7 82 uamsgndudayanaeninnandunednes imszvaeald 100 W
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Stopped | 1999 /03715 06:05:33
' : : : 5ms/ div

o (Bmsydiv)

NORKM:200KS /s

=Tracale\ PP, ~dEB0R, X0 S b S e (e Jf

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 o.ov Main : 10K Mode @ AUTO
BW @ FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold OFFf : MINIMUM

: 4 @ a d d
ki 83 usmeplndudyanouemiyneNduieimes fimsynaealvl 200 W
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Stopped 1 1999/03/15 06:19:30
CHI=10V H 5ms/div
pC 10:1 D (Smsydiv)
e I NORM:200kS /s
Yoot I' :
=Tracey P-R_ PN SR A CCllAw ) 2
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OM CH1 : 0.0V Main : 10K Mode : AUTO
BW  FULL CH2 : 0.00V Zoom 4K Type : EDGE CH1 Ey
Delay : 0.0ns
Hold OfF : MINIMUM

71l 8.4 vamaplnaudeygneuemynendunedines Amszvasall 300 W
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Stopped ke 1999/03/15 0557:18
CHI=SY . CHz=5Y | o ; : ~ Gms/div
DC 101 DC 101 B : : o (5msydiv)

ar| T ‘ g .
=Tracel= P-P 10;60¥ :  Freq 50;76Hz
=Trace2= P-P 10;60Y¥ Freq 50;51Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.00V Main © 10K Mode : AUTO
BW : FULL CHZ : D.00V Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

~

. - . L gl
1 85 wansglnaudanavandlidulsesdunedmes finsznaealvl 100 W
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Stopped 1999/03/15 055858
CH1=5V CH2=5V 5ms/div
DC 101 DC 10:1 - (emsydiv)
: : KORM:200kS /s

.........

ar| T . R s e e PRI e
=Tracel= P-P 10: 40¥ Freq 50;:7/6Hz
=Trace2= P-P  10;40V Freq 50;51Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.00v Main 1 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 4
Delay : D.0ns
Hold Off :  MINIMUM

: 4 1 a7 v Al A 4 & d d k4
51 8.6 ummegndudaedivaeilFiuiesdunesmes imss vaenlvlzeo w
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Stopped g 1999/03/15 06:00:28
CHI=5Y . CHz=5v E ; ; © 5msydiv
DC 101 ©  DC 10:1 . ; ; . (5msydiv)

NORM:200kS /s

=Tracel= P-P 8q 50;76Hz
=Trace?= P-p Freq 50;51Hz

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.00v Main : 10K Mode : AUTO
BW : FULL CHZ : 0.00v Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

; - Do 1 .
3N 8.7 wamsgUndudyanadimasnildduisestunesines Amszvasalvl 300 w
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d
2. Nﬁﬂ]iﬂﬂﬁﬁﬂud?u‘ﬂﬂdﬂ]illﬁﬁlﬂwﬁﬂﬁ‘ﬂﬁl‘ﬂﬂﬂﬂﬂlﬁ?ma5

2.1 Jwasmzdnd as2ldsusaalnihwinszuumsivih

Line Power system Nortual

50 8.8 wanewaluaanzUnd Amazvaealdl 100 W
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AC Power Nomal OCutput Normal ‘ Baptery Normal

Line Power System Normal

7 89 uomsaluasizilnd Aisazvoeall 100 W
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51 8.10 wemamaluaanzlnd fmazviaealdl 100 W
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Line Power system Nnrrhé]

5 811 wemamaluamazilnd fisssvioeal 200 W



Line Power systern Normal

U7 8.12 uamawaluasazdn@ fimssvaeald 300 W
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3.2 luaanzindnd 915218 5usadldihonduesmes

B L0 DIAGRIM: 5 s s

ane Toweyr Sysvetn Fabure

i3
pat

71 813 wanswaluasnzfiadnd fmszvaealyl 100 W
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1999/03/15 06:15:06

Stopped — |
CH]=%ov |: ; [ N : 1 [r20nisdiv
Dg 01 | : : )
: ... (NORME KBS
NI {«
o = LN b
2 : : f (= |: Sk k o
P I L o N I s : \1 A\
1447 : J68 14932 e PN L | 2% 8 TS T T dB id--I\N -
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.0v Main . 10K Mode : AUTO
BW © FULL CH2 : 0.00v Zoom @ 4K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

310 8.14 UAABATIIAIMS Transfer V03 UPS iniamaAadn@finisluih
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National Semiconductor

ADC0808/ADC0809 8-Bit P Compatible /D Converters

with 8-Channel Multiplexer

General Description

The ADCO808, ADC0809 data acquisiton compaonent is a
monolithic CMCS cevice with an §-bit analog-to-digital con-
venar, 8-channel multiclexer and mucroprocessor compati-
ble control logic. The 8-bit A/D converter uses succassive
approximation as the ccnversion technique. The converter
features a high impecance chopper stabilized comparater, a
255A voltage divider with analeg switch iree and a succes-
sive approximation register. The 8-channel muiliplexer can
directly access any of 8-single~encded analcg signals.

The cevice eliminates the need for external zera and {uil-
scale adjustments. Easy interfacing to microgrocessars is
previded by the latched and deccded multiplaxer address
inputs and latched TTL TRI-STATE? cutputs.

The design of the ACC0808. ADCO8QS has been oplimized
By incerporating the most desirable aspects of saveral A/D
conversion techniques. The ACC0808, ACCC809 offers high
speed. high ‘accuracy, minimal temperature degendencs,
excellent long-term zacguracy and repeatability, and con-
sumes minimal power. These leaturas make this davice
ideally suited to agplicatons frcm grocess and machine
control o ccnsumer and automotive appiicatons. For 16-
channal multiptexer with common cutcut (samgaie/hoid pent)
see ADCO816 cata sheet (See AN-247 fcr mora informa-
tion.)

reatures

£asy interface to all microprocessors

Operatas ratometrcally or with 5 Vee or analog span
adjusted voltage reference

No zero or full-scale adjust required

8-channel muiliplexer with address lcgic

QV to 5V incut rangs wilh single 5V cower supply
Cutputs meat TiL voltage level specifications
Standard hermelic or molded 28-pin OIP packago
28-pin molced chip camier package

ACCC808 ecuivalent to MM74C343

ACCQ8CS eqguivalent to MM74C349-1

Key Specifications

Resaluton ) 8 Bits
Total Unadijusied Emor =, LS8 and £1 LS8
Single Suppty 5 Vo
Low Power 1S mw
Convarsion Time 100 pus

Block Diagram

o—{ .
! (Xg 0F Convieman |
| axiney g
|
% | |
Ot 1CxANRELS 5
MULTIZUE21HG
axaLce T 1RALOC I
| o—  omromes
1
. |
. ™.
o—r1
I sTare?
| Uyt LT OU TS
o i | ) LATEN
l l WUFFLR
g U '
|
r G 1 PATCNTACE {
[ 1
IuT A00AL 4 O—i '
Lc 100Ress ————n |
urex | [
100811 dsg i
stczoen | ‘
LATON ENALS A TR UA GO Seo Otdering
1 | ; information
Yoz 130 AU+ T 0= A(H(-) ouTIUT

(xasLg
WA e

608600QVv/80000AV



ADC0808/ADC0809

Absolute Maximum Ratings (otes 14 2) Operating Conditions gotes 12 2

It Military/Aerospace specified devices are required, Temgeraiure Range (Note 1) T‘HN(TAS'—VAX
please contact the Natl‘onalll Semicondgc.:or Sales ACC0808CJ —35'C<Tys +125°C
Otilce/Distributers {or availability and specifications. ADCO808CCJ, ACCOB08CCA,

Supply Vq}l(age (Vco) (Note 3) 6.3V ACCO8GSCON — 0 C<Tag +85°C
Voltags at Any Pin - - e —0.3V 0 (Vs +0.3V) ACCOB08CCY, ACCO803CCY ~¢f°6 £ Ty, & LESC
Except Contrel Inputs Aange of Ve (Note 1) 453 VCCA‘O 6.0V
Voitage at Congzcl Inputs —-0.3Vlo + 15V - YeC

(START, CE. CLOCK, ALE, ADD A, ACC 8. ACD C)
Storage Temperature Range ~65°Clo +150°C
Package Oissipation at Ty =25°C 875 mwW
Lead Temp. (Soldering, 10 seconas) ;

Oual-In-Une Package (plastic) 2€0°C

Cual-In-Uine Package (ceramic) 3CG"C

Molded Chip Carrier Package

Vapor Fhase (60 seconds) 24 9°C
Intrared (1S seconds) - \ £20C
ESD Susceptbility (Note 11) : 200V

Electrical Chara'cteristics

Converter Sgecitlcations: Vec =5 Veg = VRer . VREF(=)=GNO. TuinSTA < Tuax and ’CLK"'F"O kHz unless c(horwnsa
stated.

Symbol Parameter . =’ Concltions Min Typ Max Units
ADC0808
Total Unacjusted Error 25%C el LS3
(Note 5) TN 10 Thax xy, LS3
ADCCB09
Total Unacjusted Ermror 0°C o 70°C =] LS3
(Note §) Tigiae 10 Togax % LS8
input Resistance 777 From Ref(+) tc Ral(—)

I
|
1.0 25 | kN
|
l
l
l
|
|

1
1 !
Analog Input Voltage Range [ (Nota &) V{+) or V(=) | GNO-0.10 Ver~0.10 Voo
Veegr(%) Yoltage, Tog of Ladder l Maasured atRet(+) , Vee Y41 v
Vaests W Ved? - ! l
————-?———- Voitags, Canter ¢f Ladder ’ i Vee/20.1 Vec/2 | Veel2+0. Y
Vaes(- Voitage, Eattem of Ladder | Measured atRef(- -0.1 o] v
(= |
lin } Comparater Input Current f [~ =540 kHz (Nots &) l =2 ! =0.5 2 | A

Electrical Characteristics

Olgital Leveis and OC Specifications: ACCO808CU 4.5V<Vrz<S5.3V, —S5°CsTa< +125°C unless ctherwise noted
ADC0808CCJ, ACCI808CCN, ADCCB08CCY, AOCCGE09CCN and ADCL808CCY, 4.75<Vcc €525V, —40CsT,< +85°C un-
less otherwisa noted

Symbol Parameter - Condiltions Min Tye Max I Units

ANALOG MULTIPLEXER

loFr(+) GFF Channal Lnakaqgo Currant Veo =SV, Vin = 5V, !
TA=25C 10 2ca nA
Tran 10 Traax 1.0 uA

IcFR(=) OFF Channel Leakage Current Voo =5V, Vin=0, {

Y Ta=25C -200 -10 l A

Tuin 10 Tuax -1.0 _ | A _




—
Electrical Characteristics (centinveq) < b m
Olgital Leveis and DC Specifications: ACCC808CJY 4.5V<Vec <S55V, —55C<TA<+125'C unless other~ise roied

"X AOCC0B08CCJ, ADCOBOBCCN, ADC0808CCV, ACCG80SCCN and ADCO809CCV, 4.75 Vg £5.25V] —40°CS TS +85°C un-

C | less otherwise noted . ’ o ) T

- Symbol ' Parameter Condltions Min Typ ‘ Max - Units

S CONTROLINPUTS

s Vingy e Logical “1* Input Volitage ' Veec—1.5 i l v
Vi) Logical “0" Input Voltage : I 1s v
gy Logical 1" Input Current Vin=15V 5 o HA

(The Control Inputs)
lingoy Legical 0" Input Current Vin=0 -1.0 pA
. (The Control Inputs)
Icc ' Suppty Current 3 foux =640 kHz 0.3 3.0 | mA
OATA QUTPUTS AND EQC (INTERRUPT)
VouTn Logical 1" Output Volitage lg=/~360 yA Ves—04 : | v
VouTo © Legical “0” Output Voltage o= 1.6 mA . 7 0.45 v
VouTio Logical 0" Output Voitage E0C | Ig=1.2 mA ' 0.45 v

. louT TRI-STATE Qutput Currant Vg =5V 3 pA

s '+ Electrical Characteristics :

.| Timing Speciicatians Vec=VRer(+)= SV, Vags(~)=GND. t =t =20 ns and T4 = 25°'C unless otherwisa noted.

3 " Symbol [ Parameter ] E Condlitions ’ Min Typ l Max | Units

Pl tws Minimum Start Pulse Width | (Foure ) | 1000] | 200 | as

W

o twale Minimum ALE Puise Width E (Figura 5) } 1c0 200 1 ns

: ‘ s Minimum Acdress Set-Up Time r (Fcure 5) - i 25 50 I ns
—-‘ ty Mintmum Adcress Hold Time ! (Figurs 5) | 25 ‘ S0 i ns

" oto Analog MUX Celay Time Rg =00 (Figure 5) ] 2.5 nS

-! E From ALE )

—il %10 | OE ContoltoQLogic State | C, = 500F. Ry < 10k (Fgure &) 125 250 | ns

| |

il tmton | CE Contolto Hi-Z | CL=100F. R =10k (Fgure &) - 125 | 250 | as

—1

Mo« Conversion Time | 1. =840 xHz, (Fipure §) (Nota 7) sa 10 | 116 iS
Hote Clock Frequency | 10 640 1280 kHz

; tenc EQOC Delay Time (Figure 5) 0 8+2uS Clock
1 Penods
. Cin Input Capactance ’ At Control Inputs 10 15 i cF

Court TRI-STATE Cutput AULTRI-STATE Qutputs, (Nots 12) 10 15 g

, Capacitancs

_. Hote 1: Absohte Manmum R18nG3 noicale ks Deyond whch C1mags (0 the devce May octs. OC and AC ekecincal 10echcadons 6o not 100ry e 0O
e devce Deyond 13 s0ecfied 004 800G CONOrbONS.

- Hote 2 Al vortiges /e measursd with re10ect 10 GNO, Unke13 othe—1e 300Ched.

- Nc(txAWd'odnqmm.mmﬂy,ffMVxlaGNOmhllnm&.odo-nvoﬂlqnd7Vm
Note 41 Two onceo diodes are bed lo secn EN8I0Q INDUT W = fnrererd CONAUCT f0r 1M410 Ol voilaQe One drore G0 betow ground o e Croda ra
greater han Tha Vorn suooty, The s0ec akows 100 MV 10rward uat of sdier dode. Thee mean mat as O a1 e snaioy Vi JOee MOt 81Cmwud T saY¥y vors -
Uy more than 100 MV, e outut Code will be comect To acrhmme 1N ebsonte OV 10 SV MOUL YONEQe NG e wil Nierelore (oquse L MEMUM WOy vortage of

R 4.900 Vo over lemowraase venasone, inrtal tolerance and lcading.

Naote 5: Tow unaciustied emor inciudes offsat, hil-scale, 3neatty, and MUtDIeTe eTOre. See Foxur I None of these A/D3 requees & 1e0 o AAale ey
However, d an sl Tec0 Codie 1 deswed for an anaiog Inout ather than 0 OV, or f & NarrOow AM-3Case 30an ensts (lor sarampie: 0 5V 10 4 SV Nil-scase) T referarce
YOftages Can be acrut(ed WO aChseve Une. See Figure 13
Ko &: Comoantor Inout Clment s 4 blas CurTent into or out of the ChopPe! SlAtAT ed COMOLrT oy, The Duas CLTent vanes GrecTy wh COCK hewmncy and las
T34 Lempertlry Geoendence (Figurv ¢). $4e parsgraon 4 0.
Nouhh-wmdmmmmmuwmm-bmmmmdem
Howe 8 Human body mocel, 100 oF cecnarped TYougn & 1.8 kN reerror,

2-53
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ADC0808/ADCO0809

Functional Description

Multiplexer. The davice contains an 8-channei single-end-
ed analog signal muitiplexer. A particular input channal is
selected by using the address decoder. Table | shows the
input states for the address fines to select any channel. The

- address is latched into the decoder on ths low-to-high tran-

siion of the address latch enable signal.

TABLE
SELECTED ADDRESS LINE
ANALOGCHANNEL | C | B | A
INC [ L L
N1 L L | H
IN2 L g L
IN3 L H H
) N4 CH O] L L
INS H LN H
NG Ho|oH L
IN7 HOH e

CONVERTEH-CHARACTERISTICS i

The Converter '~ 7~

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital. converter. The converter is designed

-

to give fast. accurate, and repeatable conversicns over a
wide range of temperatures. The converier is parationed
into 3 major sections: the 253R lacdcer netwerk, the succes-
sive approximaticn register, and the comgarater. The con-
vertar's cigilal outguls are positive true.

The 22ER ladder network approach (Figure 1) was chosan

over the conventional R/2R ladder tecausa of its inherent
monotonicity, which guarantees no missing digital ccdes.
Monotenicity is particularly impontant in ciosed lecp teed-
back control systems. A non-monotonic relationship can
causs oscilations that will be catasgophic for the system.
Additionally, the 256R network does not causa load vana-
tions on the referencs voltags.

The bottom resistor and the top resistor of the ladder net-
waork in Figure 1 are not the same value as the remainder of
the network. The differance in these resisters causes the
cutput charactenstic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-

sition occurs when the analog signal has reached + Y2 LS8 -

and succeeding output transitions occur avery | LS3 later
up lo {ull-scale. :

The successive approximation register (SAR) parforms 8 it~

aralions o approximate the input voltage. For any SAR type
converter, n-ilerations are required for an n-bit convertar.
Figure 2 snows a typical example of a 3-but converter. In tho
ADCO808, ADCO809, the approximation lechniqua is ex-
tended to 8 bils using the 2S8R network. .

COMTRQLS FROM S AR,
|

REF(+) O——

'
i
=

1%R

- 136R

D

AR

0
—3— CCMPARATOR
INPUT

Xa

ALF(-} O—

AIOZL7E" P

FIGURE 1. Resistor Ladder and Switch Tree
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Functional Description (continueq)

The A/D converter's successive apgroximation register
(SAR) is reset on the posilive edge of the start conversion
(SC) pulse. The conversicn is begun cn the falling edge of
the start conversion pulse. A canversion in process will be
interrupted by receipt of a new start convarsion pulse. Con-
inuous conversion may be accomplished by tying the end-
ofconversion (EOC) output to the SC input. It used in this
mode, an extemnal start conversion pulse should be applied
after power up. End-ofconversion will Ggo low between 0
and 8 clock pulses after the rising edge of start conversicn.
The most important section of the A/O converter is the
comparator. It is this section which is rasgonsible for the
ulimate accuracy of tha enare converter. It is aiso the

| V- 4 .
j —FULUSTALE
1o I0EAL CURVE -~ €RACR = 117 LSk
4

t

s 1

(=]

S

- 1o

>

=

S oan -

g T NOMUXEARITY =172 L52
PaERAL -

NONUIXEARITY = —{/2 LSU .

o1
— —ZEROERRCA = -1/t (53

o Yin
113 21 1A 4a 1 w1 oIn

Y{R AS FRACTIOX OF FULLSCALE

FIGURE 2. 3-BIt A/D Transler Curve

S

comparator drift which has the greatest influence cn the
repsatability of the device. A chopper-statilized ccmearater
provides the most sffective method of satistying il the cea-
verter requirements.

The chopper-stabilized comparator converts the CG input
signal into an AC signal. This signal is then fed throught a
igh gain AC ampilifiar and has the OC level restored. This
technique limits the drft component of the amgidier sincg
the drift is a DC component which is not passed by the AC
amplifiec. This makes the entira A/D converter exramety
insensitive to temperature, long term datt 2nd input ottsat
ermors.

Figure 4 shows a typical error curve for the ADCT808 as
measured using the procedures outlinad in AN-179.

IXFIXITE RESTLUTION

1 TERFECT COXVERTER

i ©oest 10EAL S U0T COXVERTER
- TOTAL
S unmus‘ria‘-{r'_‘
7 EAROR
S om > Pist
= A230LUTE
3 Accuascy
o
2 e ~12 s L
; QUARTIZATIOR
cat . ERROR
l ik

WA ;A sa
YiIX ASFRACTION OF FULLSCALE

FIGURE 3.3-BIt A/D Absolute Accuracy Curve

) REFERENCE LINE
°”“‘;‘RIR‘;§{M”|llHHHi”umunuumHHWHHHW SO g g IO e

IXPUT gV
YOLTAGE

""“"‘“""'“um|nuzum|““‘f"mmnnm|Hlm,]m """ B T R T

fuLl
Ll

Wwwen-g

FIGURE 4. Typical Errcr Curve
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ADC0808/ADC0809

.Timing Didgrimeesy WY /

Connection Diagrams . ; ST+ S
"’ Dual-In-Une Package ’ e . Molded Chip Carrler Package
o I ’ —< @ U _ ;
: o L — e~ e
W L 2B . 888y,
N4—{2 271, . - I S I U
ws—3 55| ing 25 24 13 22 21-20 19 :
> & . = NHO ] N ® z | -1
| CNE—{4 25p—400 & . 026 P oL B 2
o “ N7 © O aaos i LA vy
. " susrHs. 234400 C . Lo Mo L oa i ‘5""36‘7(")
foc—7 2}—ae : g . st . .
© 775 21—2""'usg - M2 141=2
OUTPUT UBLE—{9 20f—2 20 i B e
clox—10 1ef=273 PaRLE 121="agr (*)
= o p . -~ S 6§ 7 8 9 10 11
R o' % N O O R
5 ‘.VM(*)—"M_ : 17F—2"°Ls8 & E g rI\N ; x '>8
- - o
GNO —{13 16— Yeer (=) = 3 3
77— BTN 3 =
=2
& o=
— B TWH/ISET2=41 s g -
Order Number ADC0808CCN, ADCO809CCN, \ nee 3 TUW$ATZ-12
ADC0808CCJ or ADC0808CJ i ) Order Number ADC0808CCY or ADCQO803CCY
See NS Package JI8A or N28A = , ' See NS Package V28A:;"
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Typical Performance Characteristics

fe = 1200 kHz
1
] A/
l < Az_. ,E_
= ) 1o = 640 RH2 2
3 7 3
e . :
| =
I
15 115 H

FIGURE 5. Comparator ljy vs Viy
. (Vec=Vaegr=5Y)

TR! STATE Test Clrcmts and Timing Diagrams

Ty = 25°C

|

|

Ty-—TC

a 1.25 2.5

TNV

TN 6T2--5

FIGURE 7. Multiplexer Ron ¥3 Yin
~ (Vec=VRer=5Y)
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ADC0808/ADCO0809

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ACC0808, ADCL809 is designed as a complets Data
Acquisition System (DAS) for ratiometnc conversion sys-
lems. In ratiometric systems, the physical varnable being
measured is expressed as a parcentags of full-scale which
is Nt necessarnly related 13 an absolute standard. The volt-
age input to the ACCO80J8 is.expressed by the equation

Vin Ox
Vis=Vz  Duax—Owmin
V)N = Input vaoitage into the ADC3808
Viy = Full-scale voltage
Vz=Zero voltaga
Oy = Oata point being measured
Ouax = Maxdmum data limit

Crin = Minimum data limit

A good example of a raticmetric ranscucer is a potentiome-
ter used as a positon sensor. The cosition of the wiper is
directly proportonal to the output voitage which is a rato of
the lull-scaie vottage across it Since the data is represent-
ed as a proporton of full-scale, referencs requiremants ars
greatly reduced, eliminating a large sourcs of emar and cost
lor many applicatons. A major advantage of the ADC0808,
ADC0809 is that the input voltage range is equal (o the suc-
ply range so the transducers can bte connecled directy
across the supply and their outputs connected directly into
the muitiplexer inouts, (Frgure 9).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor trndges, pressure ransducers, alc., are
suitatie for measunng proportional relationships; howsver,
many types of measurements must be refemed {0 an abso-
lute standard such as valtage or current. This means a sys-
tem rzference must be used which relates the lull-scale
voltage !0 the slandard wvcit For exampie, if
Voo =VRrers=5.12V, then the full-scale rangs is divided into
256 siandard steps. The smallest standard step is 1 LS8
which is then 20 mV. -

2.0 RESISTOR LADDER LIMITATIONS

Ths voliages from the rasistor laccer are compared lo the
seleciad into 8 times in a conversion. Thasa voltages ara
coupled lo the camparator via an analog switch ree which
is referenced to the supply. The voltages at the top, center
and tottom ot the lacder must be controlled to maintain
proper cperaton.

The lcp of the ladcer, Rel(+), shculd not b more positive
than the supply, and the bottcm of the lacder, Ref(—),
shouid not be more negative than ground. The center of the
ladcer veitaga must also be near the center of the supptly
because the analcg switch tree changes from N-channel
swilches ta Pchannsl swilches. Thesa limitatons are auio-
matically saasfied in ratiometric systems and can ba easily
mat in ground relerencad systems.

Figure 10 shows a ground referenced system with a sepa-
rate suppty and reference. In this systam, the supply must
ba tnmmed to match the reference voltage. For instancs, if
a 5.12V is used, the supply shouid >3 adjusted to tho samo
voltage within 0.1V,

i Yee
L L= Rer g p—
< a7
® QIGITAL
. ; ouTrPyT
3 Sour PROPORTIONAL
' TQ AMALOG
ol tRPUT
o
" Ing
Y K4
T [ es s Cour= v_”i_ L
- & Gx0 REF Yee
LISV xVeg = Vagex525Y
— " Rallomaelric ranscucert
= Agcuce

wnuass

FIGURE 9. Ratiometric Conversion System
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Applications Information (Coninued)

e ACCO808 needs less than a miliamp of supply current
s developing the supply from the reterence is readily ac-
omglished. In Figure 11 a grcund referenced system is
shown which generates the supply [rom the reference. The
~ufer shown can be an op amp of sufficient dnve to supply
i@ milliamp of supply current and the desired bus drive, oc if

3 caoacilive bus is driven by the outputs a large capacitor
¢ will supply the transient supply cument as seen in Figure 12.

The LM301 is overcompensated to insure siability when
lozded by the 10 uF oulput capacitor. 5

The top and bottom ladder voltages cannct exceed Vcc
and ground, resgectively, but they can be symmetncally less
than Vg and greater than ground. The center of the lacder
voltags should always be near the center of the sucply. The
sansitivity of the coaverter can be increased, (i.e., siza of
the LS8 steps decreased) by using 3 symmetncal reference
system. In Figure 13. a 2.5V reference is symmaetrically cen-
tared about Vcg/2 since the same current fiows in identical
resistors. This system with a 2.5V referance allows the LS2
bit to be half the sizs of a SV reference system.

vee v
sureLy cc
4 MSE
Vaer REF(s) IGITAL
ouTryT
Aoyt REFERENCED
C— laz ]
v {o— GROUNO
.
O— 1
REF(-) Lss v
;{ ' = - Vi
GO -
Vaer
(AAY f 1Aa |
Pt = 475V € Vg = Vagr S 5.25V
FIGURE 10.Ground Referenced
Conversion System Using Trimmed Supply
. Vee
N nsa
% -~ REF(s) DIGITAL OUTZUT
REF " f Qout AEFERENCED TO
REF(*) o— a7 GROUKO
Vin {O— »
O—1{10 Vet
f— REF(-} Lss Qoyt = Yoer
Kl | 4TSV £ Voo = Vaer € 2TV
Aocotos
nnuss2 a

‘

FIGURE 11: Ground Referenced Conversion System with
Reterence Generating Ycc Supply
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ADC0808/ADC0809

Applications Information (Continued)

1t

LM3238

10-15 Vo

1000 57

+ 10u7
- sauo

TTAHUUJM
. x

4

P GHO
L» REF(=)

FIGURE 12. Typical Reference and Supply Clrcuit

a

}

sV

Jasy

1M914 -

4138

l

\ £ s |

125V

25v )
REFERENCE Ry

Vee

M1
REF{s}
la7
fpe—c DIGITAL OUTPUT

| PROPORATIONAL TO

. - a
i AU, AKALOG INPUT
g 125 < iy S LISV
lna
AEF(-]

st
MO A=Ay

‘Ratometc ranscucens

. TUH/S672-9

FIGURE 13. Symmetrically Centered Reference

3.0 CONVERTER EQUATIONS
The transition between adjacent codes N and N + 1 is grven
by:

N 1
Vig= {(Vner(ﬁ—‘/ng(..))[;s;‘m}:Vmg} ~Vagp(—) (ta}
The center of an output code N is given by:
N
Vw{ (Vns_q«)-"nv(-)[;g] =Vms} *Vagg(-) @-

The output code N for an artitrary input are the integers
within the range:

H‘%—"_“—s:ﬁ’EXZSG:AWQW-q (4)
where: Vi = Voltage at comparator input -
' VReF(+)=Voltage at Rel(+)
VReF(-)= Velitage at Ref(—)
Vrug = Total unadjusted error voltage (typwcally
VRer(+)+512)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input currant is caused by the pari-
odic. switching of on-chip stray capacitances. Thesa aro
connected aitemately to the output of the resistor ladder/
switch ree network and to the comparalor input as part of
the operation of the choppar stabilized comparator.

The average value of the comparator input current vanos
diractly with clock frequancy and with Vin a3 shown in Fig-
ure 6. o :

I no fiter caoacitors are used at the analog inputs and tha
signal sourcs impedances are low, the comparalor inpui
current should not introduce converter errors, as the tran-
sient craated by the capacitance discharge wiil die out bo-
fore the comparator output is strobed.

It input filter capacitors are desired for noise roduction an
signatconditiomng thay will tend to avaragn out tho dynanm -
€omMParator input current. It will then (ake on tha charad i
istcs ot a CC bias current wnosae effect can La prodicing
convensonalty.

2-60

RO A (4Pl




Typxcal Application
RETX0 & . s
. 5] U
£00 kHr — CLX " og
I PLISH 5.008V— VRgF(s) 114 INTERRUPT
BETasE s
{AB4=AQIS)*- 1.000Y — Y ReF(-)
e =1 — 027 Ms3
START -1p——>0138
s ALE =1 p———9 03§
t FRITE :
P >0
ACG—{ A C - —— 081 s
© Aocseos .
AD1—{8 agcggag ¢/ om2
AD2—iC Tl ——on
B rib——>o080- 3
SV suPPLY T 'y
g Y . Vee lng — Vin A -
GNO . =
: o5V
GROUNG — * -ANALOG
k INPUT RANGE
.
A A A T -

’

T Us6T2-10

60802QV/80800QY

H . --- MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 IEMRA MEMW INTR (Thru RST Circuit)
- | eoss RD wWR INTR (Thry AST Circuit)
A RO 7 WR i> INT (Thru RST Circuit, Mode 0)
SC/MP NROS NWDS SA (Thru Sense A)
6800 VMA*$2<8/W- | VMAeos+R/W | EQAcr IRCB (Thru PIA)
Ordering Information g
TEMPERATURE RANGE —40°Cto +85C —-55Cte +125C
Eror | Y2 LSB Unadjusted | ADC0808CCN ADCO808CCV ADC0808CCY ADC0808CY
£ 1 LS8 Unadjusted ADCO80SCCN ADCO809CCV
Package Outilne N28A Malded DIP V28A Molded Chip Camer J28A Ceramic DIP J285 Corarn, (P
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National Semiconductor

LM117/LM317A/LM317

General Description.

The LM117 serias of adjustable 3-terminal positive voltage
requiators is capable of supplying in excass of 1.5A over a
range. They are excepu’orm easy to
use and require only two external resisiors lo set the output
voltage. Further, both line and load regulation arg tetter
than standard fixed regulators. Also, the LM117 is packaged
in standard transistor packages which are easily mounted
and handled.

In addition to higher pedormance than fixed regulators, the
LM117 series offers full overload protection avaiiabla only in
IC’s. Included on the chip are current limit, thermal overoad
protection and safe area protection. All overoad grotection
circuitry ramains fully tunctional even if the adjusiment ter-
minal is disconnected.

Normally, no capacitors are needed unless the davice is
situated more than 6 inches from the input filter capacitors
in which case an input bypass is needed. An optional output
capacitor can be added to improve transient rasponse. The
adjustment terminal can te bypassed to achieve very high
ripple rejection ratios which are difficult to achieve with stan-
dard 3-terminal requlators, ) -
Besides replacing fixed requlators, the LM117 is usefulin a
wida variety of other applications. Since tha requlator is
“floating” and sees only the inout-to-output diftarential voit-
aGe. suppliss of several hundred volts can be regulated as
long as the maximum input to output dittarencal is not ax-
Ceeded, i.e., avoid shon-drmiting the output

Also, it makes an especially simple adjustable switching reg-
ulator, a programmable output raqulator, or by cannacting a
fixad resistor betwaan the adlustment P and output, the

LM117 can be used as 2 precision currant regulator. Sup- "~

plies with elactronic shutdown €an be achieved by clamping

Typical Applications.

1.2V=-25V Adjustable Regulator
M117

NU/H/9043 -
Full oumut curent NOt avedabdie ot QN inout-outout vofages

"Nesded i deca is more s § incnes from fiter capactory
VCccoru*-—-morovu Tanuent fe3p0n1a. Output Cigaqtors in the e cf

it

3-Terminal Adjustable Regulator

the adjusgment terminal to ground which programs the out-
putto 1.2V whera most Igads draw litde current,
For agplications requiring greater OUDUt current, see LM150
series (3A) and LM138 senas (5A) cata sheets. For the neg-
ative complement, saq LM137 sedes cata sheet.

LM117 Serfes Packages and Power Capability

Rated
Pag Burbes Package Power
Sutfix :
Dlssipation
K AN 20w

TO-39

Features

& Guarantesd 1% outout voltage tclerance

(M3174) .
¥ Guaranteed max. 0.01% /v line requtaton
(LM3174)
X Guaranteed max. 0.3%
(WM117)
& Guaranteed 1.5A output current
® Adjustable output down to 1.2v
® Current limit constang wilh temperature
B P* Product Enhancement tosted
x
x

load regulaton

80 d8 ripple refection
Outout is short-circuit protectad

Digitaily Selected Qutputs
M117

Vi Vour
A0S

Yix

R1*

INPYTS

‘Sets maomum Vour |

1-20
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Absolute Maximum Ratings ote 1)

If Military/Aerospace specified devices are required,’
please contact the National
Otflce/Dlstributors for avallability and specltications.

(Note 2)

Power Dissipation

Input-Output Volitage Orﬁerenua]
Storags Temperature

Lead Temperature

Metal Package (Soidering, 10 smnd:)
Plastic Package (Soldering, 4 seconds)

£SO nolerancs (Note 5) . f

Semiconductor Sales -

_ Intemally Limitad
+49V, —0.3V
-85'Cto +150°C

00°C -
260°C
3 kv

Electrical Charactensucs
Specifications with standard tyge face are for T; = 25°C, and thosa with boldface type appty over full Cperating Tempern-

ture Range. Unless otherwise specified. Vin — Vour

Operating T emperature Range

S LM17 5°C< T < +150°C
LM317A —ac-<:sTJs +125°C
LM317 B C"C<Ty< +125°C

Préconditioning

Thermal Umit Sum-In

= 5V, and lgyt = 10 mA_ (Note J)

All Devices 1C0%

LLEWT/YLLEWT/ 2V W

) & ~ LM117 (Note 2
Parameter Conditions - R\ ote2) Units
Min | Typ I Max
Relerence Voltage | \
V< =V, 40V, -
’ Min = Vour) < 1.20 1.25 1.30 -V
10 mA < oyt < fuax. P< P‘AAX
Line Regulation 3V < (Vin — VouT) < 40V (Nota 4) 0.01 0.02 wIV
: | .02 0.0% v
Load Regulation - . - —- - 10.mA £ lour € huax (Nate ) .. .| AY g R 0.3 2
) Q.3 1 “
Thermal Requlaton 20 ms Puise | 0.03 0.07 LW
Adjustment Pin Current i 50 100Q p.A
Adjustment Pin Current Change 10 mA € louT S luax i o s m
IV £ Vin — VouT) £ L0V
Temparature Stability Viiin S04 Thinx | 1 “
Minimum Load Current My — VouT) = 40V ! 3.5 5 mA
Current Umit ; N Min — VouT) £ 18V .
K Package 1.5 22 3.4 A
H, K Packages 0.5 0.8 1.8 A
Vin = Vour) = 40V
_ K Package o 0.3 0.4 A
H, K Packagss Q.15 0.2 A
RMS Output Notsa, %6 of Vour 10Hz <4 .10 kHz 0.003 | «“
Ripple Rejection Rat v = 10V, =120 Hz
pp i o ouT /. [=120Hz, . d8
Cugy = QO uF
v = 10V, = H
oUT = IR0HE, s6 80 d8
Capy = 10 uF
Long-Term Stability T, = 125°C. 1000 hrs 0.3 1 “
Thermal Resistancs, K Package 2.3 3 “C/W
Junction-to-Case H Packaqe 12 15 ‘Crw
€ Package ‘C/IW
Tharmal Rasistancs, Junction- K Packaqe 35 ‘CIw
to-Ambient (No Heat Sink) H Package . 140 ‘CIW
E Packags “Cre

[



LMI17/LM317A/LM317

oRtia € - FYTTY (SO \

Electrical Characteristics (Centinued) : > .
Specifications with standard ‘ype face are for T; = 25°C, and thosa with boldface type apely over full Operating Tempera-
ture Range. Unless otherwise specified. Viyy = Voyr = 5V, and lour = 10 mA. (Note 3) " ¥ . 5
LM317A L4317 g
Parameter Conditlons —— Units 1;
Min ‘ Typ l Max Min l Typ | Max -
]
Reference Voltags 1.238 | 1250 | 1282 | v
\ -V < 40V,
3V < (Vin = Veyr) < <ov, 1.225 1 1.250| 1.270 1.20 | 1.25 | 1.30 v
10mA < IQU—rilu,\x_P < Puax .
Line Regulation 3V < (Vin = Vour) < 40V (Note 4) | ocos | oor | 001 | 004 | wsv
' | 001 | 0.02 | 0.02] 0.07] =/v
—
Load Regulation 10MA < loyr € yax (Note 4) | o 0s | [ 01 ] os | =
‘ | 0.3 1] | o3| 15| «
T
Thermal Regulation | 20 ms Pulse | o004 l 0.07 I f 0.04 | 0.07 | “%/w
Acjustment Pin Current ~ AN | so | 100 | 50 | 100 ua
Adjustment Pin Current Changs | 10 oyt < 1
justment Pin Current Chang 10 mA < loyt < luax J 02 ) or2 s wA
3V < (Vin = Vour) < <0V
Tempearature Stability , Tun STy < Triax [ 1 ‘ 1 J %
Minimum Load Current | M LAt | as 10 | 35 | 10 | ma
Current Umit Vir = Vour) < 15V - | i y
K. T Packages 15 .2 3.4 1.5 | 2.2 | 3.4 A
) ; H, P Packages : T ] as | os 8 | 051 08 1.8 | 4
Vin = Voim) = 4ov |
= K, T Packages 0.15 0.4 -| 0.18 0.4 A
H P Packages 0.075 Q.2 0.075 | 0.2 - A
FMS Cutsut Noise, % of Vaur | 10 Hz < 1 < 10 kHz | 0.003 0.003 | %
7 Reigcl vV, iy = 0 Hz P G
Riople Rejection Rato cuT = 10V, =120 b & a8
Capy =0 nF ’
v, = 10V, f = 120 Hz
ol =10V, = 66 g0 66--| 80 a8
Cacy = 10 pF
Long-Term Stavility T, = 125°C, 1000 hrs j . | 03 4 | 03 1.
Thermal Resistance, Junction- K Package : ‘ 2.3 3 ‘Crw
to-Case H Package » 12 4 15 12 15 ‘Crw
T Package 4 5 4 ‘Crw
P Package ; ‘Crw
Thermal Resistancs, Junction- K Packago 35 ' ‘ 35 ‘C/w
to-Ambient (No Heat Sink) H Package 140 140 ‘Crw
T Package S0 S0 Crw
P Package (Note 6) | Ssa ‘Ciw

Hote 1: Absoine Manmum Radnqs ingicate imeds
'tended 10 be functonel, but do not Quasantee 3o

The quarantieed 3pecficanons aopdy onty {or e lest concrtions sted

Note 2: Reler to RETS117H drawang lor the LM117H, or the AETS 11

Note 3: Although power clasicanon i
TO3 and TO-220. luiax i 1.5 for the

\ntsmally imded, thete 10echicatons ure
TOJ and TO-220 C4CXages and 0.5A tor

uaranteed 1o Nasconal's ACOL (Average Outgomg Cuakty Laved).

Hote 4: Requiation is measured at 2 constant

Coversd under the specificatons for theemal requiaton,
Note S: Human bocy model, 100 pF discharged hrough a 1.5 XN rewustor,

Qte 8: It the TO-283 Package s used

TTAv.

luncton temperanre, UBng Dute tesong

B0 whati Camage 0 e devwce may occur.
e0AC pertormance kmes. For Quanmeed

TCrve

T)(brmqwnrxmbuqmm

20phcatie for maomUM power ditsoasens ol T for Te
the TOJQDMMM([Q._WWIHWU-'\

N .xhcmmummunc-canc-uax-dbvncuan 4 PT Scart cocoer 1rea
O.Ssquu-rchqaoicooo«uul‘_"infﬂ'crw:mmimo@dwuulu:xll

- Cowranng Natngs wescate COANUBINY {OF wimch tha Jeece e
30eHCI00NI And 183t CONCTBONS, 10w e Elecncal Caraciacsoes,

T039 and 20W for tha _
4nd Max, coumni) are
wth g low Outy cydle G\ar\qcxnwwwulnmwcnmun

hermaity connecied W e pacxage: Usng
L 4°d =N 1.6 of more 3qUAre Xae of COOPer wrea. 044 e




Typical Performance Characteristics
Output Capacitor = 0 pF unless otherwise noted

© Load Regulation Cuyrrent Umit Adjustment Current
11}
H
!
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= R
e = s o ‘ |
: : Rr4ERR
a3 = E = ] 1
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E 3 EO | i ’ |
: : 3 1 L]
> o o u
: ol
b
=13 =53 -3 1 11 %3 7% 108 129 1%4 =78 =83 <3 ¢ 1Y se MY 10wy 1%
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LM117/LM317A/LM317

Application Hints

In operation, the LM117 Cevelops a nominal 1.25V refer-
ence voltage, Vger, bstween tha outgut and adjustment ter-
minal. The refersnce voltags is impressed across program
resistor R1 and, since the.vcltags is constant, a constant
current |4 then flows througn the cutput set resistor R2, giv-
ing an output voltage of - .

A2
Vout = Vges (1 + a) +. lagyR2

LM117

(== i

Since the 100 uA current from the adjustment terminal rep-
fesents an ewor tarm, the LM117 was designed to minimize
lacy and make it very constant with line and load changes.
To do this, all quiescant operatng curment is returned 1o the -
outout establishing a minimum load current requirement. If
thers is insutficiant load on the Quul the output will Asa.

TU/H/9043 -5

External Capacitors
An input bypass capacitor is recommended. A 0.1 uF disc

or 1 uF soiid tantalum on tha inculis suitable input bypass-

ing for almost all applications. The device is more sensitive
lo the absence of input bypassing when adjustment or out-
put capacitors are used but the above values wiil eliminate
the possibility of problems. .. _

The adjustment terminal can ba bygassed to ground cn the
LM117 to improve ripple rejecson. This bypass capacitor -
prevents ripple from being amplified as the Oulput voltaga is
increased. With a 10 wF bypass capacitor 80 48 npple re-
jection is obtainable at any output lavel. Incraases aver
10 uF do not appreciably improve the rppia rejection at
frequencies above 120 Hz. If the bypass capacitor is used. it
is sometmes necessary to include crotecion diodes to pre-
vent the capacitor from discharging through internal low cur-
reat paths and damaging the devics. X

In general, the best type of capacitors to uss is solid tanta-
lum. Sclid tantalum capacitors have low impedance aven at
high frequencies. Degending upon capacitor constructon, it
takes about 25 uF in atuminum elecTolyuc to equal 1 uF
solid tantalum at high frequencies. Caramic capacitors are
also good at high trequancies; but some fypes havs a larqa
docresse in capacttancs at frequencies around 0.5 MHz
For this reason, 0.01 uF disc may seem 10 work bactar than
4 0.1 puF disc as a bypass.

Although the LM117 Is stable with no oulput capacitors. like
any feedback circuit, certain values cf external capacitance
AN cause excassive nnging. This occurs with values be-

tween 500 pF and 5000 pF. A 1 uF solid tantalum (0r 2S uF
aluminum electrolytic) on the output swamps this effect arnd
insures stability. Any increase of tho load Capacitanca larger
than 10 uF will merely improve the loop stability and curzy:
impedanca.

Load Regulatlon s

T TheLM117is capable of providing axtremely good load reg-

ulation but a few precauticns are needed to abtain maxi-

© mum performancs. The current set resistor connected ta-

tween the adjustment terminal and ths Qutput terminal (usy-
ally 2400) should be tied directty to the output (case) of the
regulator rather than near the load. This eliminates lina
drops from acpearing effectively in senas with the refarencs
and degrading regulation. For 2xample. a 15V requiator with
0.050 resistancs batween the requiator and load will have a
load regulation due to line resistance 0t 0.08Q x I . If the
set resistor is connected near the load the sfective line
resistanca will be 0.05Q (1 + R2/R1) or in this case, 11.5
imes worsa. X -

Figure 2 shows the effect of rasistance betwaon tha regula-
. tor and 2400 sat resistor.

(IR
Rs
Yin —{ Vi Vour v—4—~Vouy
A0
Rt-
240
— -
A2
/-
TUH/06I -4

FIGURE 2. Reguiator with Une Resistance
In Qutput Lead

- With the TO-3 packags, itis €asy to minimze the resistance

from the case to the sat resistor, by using (wo separato
leads to the casa. Howsver, with the T0O-5 package, caro
shouid be taken to minimize the wire length of the outj:ut
lead. The ground of R2 can ba retumed near the ground of
the load to provide remots greund sensing and improva
load requiation.

Protection Dlodes

When extemal capacitors are used with any IC requiator it is
sometimes n’ecessary 10 add protecten dioces to prevent
the capactors from discharging through low cument points
into the requlator. Most 10 pF capactors have low 8nouni

" intemal senes rasistance to deliver 20A spikes whan shoui

ed. Almough the surge 13 short, there is €nough onergy i
damage parts of the IC.

"When an output capacitor is connecied ta a requiator amd
tha input is shortod, the output capactor will discharga into
the output of the regulator. The discharge current daparni-:
on the vatue of the capacitor, the output voltage of the rnau
lator, and the rate of decreasa of Vin- [0 the LM117, -
discharge path is through a large juncdon that iz able i,
SUstain 15A surge wilth no protlem, This is A0 e f ity
types ot positive reguiators. For outout capacilin:. of 24 i
or less, there is no noed 1o usa diodss.




Application Hints (continued)

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. Intarnal to the
LM117 is a 500 resister which limits the geak discharge

current Na protection is needed for outout voltages of 25V
or lass and 10 pF capacitance. Figure 3 shows an LM117
with protecton diodes included lor use with outputs greatar
than 25V and high values of output capacitance.

-
vo._n--szsv(y A-E-:-) + huR2

© 01 protec agart C1

. 02 protects againmt C2

TU/H/BOsI-7

FIGURE 3. Regulator with Protectfon Dlodes

Schematic Dlagram
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Typxcal Apphcatxons (Continued)

I W emad ol £ L

Slow Tum-On 15V Regulator L

5V Logle Regulator wlth Electronlc Shu(dcwn o
I T L B . w7 ’ e
Vin V=25V Vik  Vaut Yaur s Vik  Vour +— Vout
.. A0J sv 15V
a1 I
10 . = o S
a 1 . —__j—__ ’ 1N4002
LLF 01uF =
)zq W —TTL
" -
‘ML ouout = 1.2V TUH/9063-3 TUH/9063-3
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LH117
Vour &
04

ATy
A 144032

- . 3
WE!
i A2
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Typical Applications (Continueq) S .", R
0 to 30V Regulator S - o Power Follower . .. .
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Typical Applications (Contueq)

Yie
-y

1A Current Regulator

(M117

Yin -—{ Vin

1.2Y-20V Regulator with
Minlmum Program Current

LM117

Your
A
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TYpicaI Applications continueq)

Tracking Preregulator

A2
120
A
A1
P INTITT]
v 0! v Yout >
(0] Vin  Your mAmaur Voyr
. [T : A3
’ 120
B =
1 P
1uf
:‘: QutruT
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: &
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Current Limited Volitage Regulator

ouT

TRANSFORMERS, |
RECTIFIERS, *
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LM117/LM317A/LM317

Typical Applications (Continuec)
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Connection Diagrams

(T0-3)
Metal Can Package

ADJUSTMENT

CASE

Bottom View

. - Steel Package

or LM317K STEEL
. See NS Package Number K02A
. Order Number LIA117K/883
See NS Package Number K02C

(TO-220)
Plastlc Package
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Yout
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Front View

Order Number LM317AT or LM317T
See NS Package Number 7038

(TO-39)
Metal Can Package
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IS CUTPUT Bottom View

UHRRR Ocder Number LM117H, LM117H/883,
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See NS Package Number HO3A

‘Order Number LM117K STEEL

(TQ-263) Surface-Mount Package : g -
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LM131A/LMA31/LM231A/LM231/LM331A/LM331

National Semiconductor

LM131A/LM131, LM231A/LM231, LM331A/LM331

Precision Voltage-to-Frequency Converters

General Description
The LM131/LM231/LM331 famity of voltage-lo-frequancy

converters are ideally suited lor usa in simple low-cast cir- =

cuits for analog-to-digital conversion, precision frequency-
to-voltage conversicn, long-term integration, linear frequen-
¢y modulation or demedulation, and many other functicns.
The output when used as a voltage-to-frequency converter
is a pulse lrain at a frequency precisely croportional to the
applied input voltage. Thus, it provides all ithe inherent ad-
vantages of the voltage-to-frequency conversion tech-
niques, and is easy to apply in ail standard voltage-to-fre-
quency converter applications. Further, the LMI31A/
LM231A/LM331A attains a new high leveli of accuracy ver-
sus temparature which could only be attained with axpen-
sive veoltage-to-lrequency modules. Additionally the LM 131
is ideally suited for usa in digital systems at low power sup-
ply voltages and can provids low—ost analog-to-digital can-
version in microprocessor<controiled systems..And, the fre-

quency from a battery powerad voltage-to-fraquency con- =~

veniar can be easily channeled through a simpla phataisola-
tor to provide isolation against high common mode lavels.

The WM131/LM231/LM331 utilizes a new lemgerature-
compensated band-gap reference circuit, {0 provida excal-
lent accuracy over the fuil operating temoperature range, at
power supplies as low as 4.0V. The grecision tmer circuil

has low bias currents without degrading the quick respanse
necessary for 100 kHz voitage-lo-frequency conversion.
And the cutout is capable of driving 3 TTL loads, or a high
voltage outgut up to 40V, yet is shont-circuit-prool against
Ve :

Features

x Guaranteed linearity 0.01% max

¥ Improved performance in existing voltage-to-frequency
conversion apglications

® Split or singla supply operation

x Operates on singla SV supply ,

® Pulse output compatible with all logic lorms

® Excellent tamperature stability, £50 ppm/°C max

® Low power dissipation. 15 mW typical at 5V

® Wide dynamic range, 100 ¢8 min at 10 kHz {ull scale
frequency ~ °

® Wide range of full scale frequency, | Hz to 100 kHz

x

Low cost

Typical Applications
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FIGURE 1. Simple Stand-Alane Voltage-to-Frequency Converier
with 20.03% Typicsl Unearity (1 = 10 Hz to 11 kHz)




ibsolute Maximum Ratings ote 1)

g’Mllllary/Aeroapace specitled devices are required, please co

Distributors for avallabliity and specitications.

Supgply Voitage . .- -
Output Short Circuit to Ground
Output Sherg Circuit to Vee
Input Voltage®

Operating Ambient Temperature Range

LM131A/LA131
40V — s
Continucus
Continuous
—0.2Vto + Vg
Trin- Tuax
—35'Cto +125°C_

Power Dissipation (Pp at 25°C)
and Thermal Resistance (6j4)" "
.(H Package) Pp
8ia .
(N Package)Pg ~*  * "
Co. 5% 9],\ a
(M Package)Pp
61 y 45
Lead Temperature (Soldering, 10 sec.)
Dual-In-Uine Package (Plastc)
Matal Can Package (TO-5) .
€S0 Susceptibility (Note 4)
Metal Can Package (TO-S) —~ =
Other Packages 5 u W8 g

' Elegtriéal Chéré—éter.istics

Ta=25°C unless otherwisa specified (Note 2)

670 mW
150°C/\

260°C
+  280°C

2000V - N

LM231A/L14231
- 4V
Continuous
" Continuous
-0.2Vto +Vg
Twin Twax-
-25'Cto +85°C

o5 1.25W

.100°C/W
1.25W
85°C/W

260°C .

Soov

ntact the Natlonal Semiconducto-‘; Sales Omce/' ’

LM331A/LM33
40V - s
Continuous
Continuous
-—0.2Vto +Vs
Tuin Tmax -
0°Cto +70°C

1.25W

100°C/'W

% Parameter --- - ! Condttions: - | Min - Typ-- Max - -Unils .
VFC Non-Uinearity (Note 3) - 2 4.5V < Vg $:20V - +0.003 =0.01 % Full-
’ Scale
Tian < TA € Tuax +0.006 20.02 ~% Full-
. ! : e e i [ \ AY y | Scale
YFC Non-Uneanty .. Vg =~ 15V, { = 10 Hzto 11 kHz __ . £0.024 +0.14 “Fuil
In Circuit of Figure 1 Scale
Conversion Accuracy Scals Factor (Gain) Vg = — 10V, Bg = 14k0
_LM13‘,L.M131A, LM231, LM231A 0.95 1.00 1.05 kHz/V
LM331, LM331A 0.90 1.00 1.10 kHz/V
Temoerature Stability of Gain T S Ta € Tuax. 4.5V < Vg < 20V
LM131/1LM231/LM331 il +:1:50 ppm/°C
LM131A/LM231A/LM331A =20, =20 ppm/°C
Changs of Gain with Vg 45V<Vg £ 10V -0.01 0.1 YA
10V < Vg < 40V 0.006 0.06 YA
Rated Fuil-Scate Frequency | Vi = — 10V | 100 kHz
Gain Staoility vs Time TN S TA € Tuax =0.02 v Fuil-
(1000 Hrs) Scale
Overrange (Beyond Full-Scale) Fraguancy l Vi = — 1V ‘ 10 %
INPUT COMPARATOR
Offsel Voitage =3 =10 mv
LM131/LM231/LM331 Tin € Ta € Tuax =4 =14 mv
LM131A/LM231A/LM331A Tuin € Ta € Tuax +3 =10 mv
8ias Cucrent | | -80 -200 AA
Offset Current | | =8 =100 nA
Common-Mode Rangs | Taan € Ta € Tuax | 02 Veg—2.0 Y

LEEWT/VIEEWT/FEZWT/VEEZWT/IELWT/VIELAT



LM131A/LM131/LM231A/LM231/LM331A/LM331

Electrical Characte rlSthS T4 =25"C unlass otherwise specified (Nots 2) (Continued)

Units

Parameter [ Condltlons ¢ l Min 1 -Typ Max
TIMER .
Timec Threshold Voltage, Pin 5 0.63 0.667 0.70 Vg
Input Bias Current, Pin 5 Vs = 15V . :
All Davicas OV<Vpins < 9.9V =10 +100 nA
. LM 131/UM231/LM331 Veinsg = 10V 220 1C00 nA
T LM131A/LM231A/LM331A Vems = 10V 200 500 nA
VsaT 2N s (Resat) . | 1=5mA 0.22 0.5 v
CURRENT SOURCE (PIn 1)
Qutout Current Rg=14 kN, Vpiy =0
LM131, LM131A, LM231, LM231A 126 135 144 - wA
LM331, LM331A 116 138 156 BA
Change with Voltaga | OVEVe <10V 0.2 1.0 pA
Current Scurce OFF Laakage ) .
LM131, LM131A 0.0t 1.0 nA
LM231, LM231A, LM331, LM331A 0.02 10.0 nA
All Cevices Ta=Tuax 2.0 50.0 nA
Operating Range of Current (Typical) (10 to £CO) uA
REFERENCE VOLTAGE (Pln 2)
LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 Voc
LM331, LM331A 1.70 1.89 2.08 Voc
Stabifty vs Temperature *=60 ppm/°C
Stabilty vs Time, 1000 Hours - +9.1 & ==
1
* LOGIC OUTPUT (PIn 3) i o e
Vear |=5mA 0.15 0.50 v
1=3.2mA (2 TTL Leads), T STA S Tiax 2.10 0.40 Y
OFF Leakage = QIcs 1.0 HA
SUPPLY CURRENT 2 . ]
LA131, LMI31A, LM231, Vg =5V | 20 3.0 4.0 mA
Ud231A © T} Vg=4ov T W | 25 4.0 G.0 mA-"
LM331, LM331A N =5V 1.5 3.c G.0 mA
Vg =40V 2.0 40 6.0° mA

Note 1: Mnoumﬂ-mmummmwm’nmmyw CC and AC nmmmmm(mwmmw

e GoCs Deyord 3 10eCTed 0pea 0N CONOBOML
Hoﬂ“Msoocf‘amm'ynn-mctFr,mlmt,WSV3sm unkees othereree notad

%c-xwuu&mum««-marmmvmxnow |ovwmhmmwm!«nmmu10qu~dn(10k}-¢z--

Over Txa trequency ringe | HZ 1o 11 XHZ For e tmang cageator, Cr, use NP cerame, Teflore, o potriryTena,
Hote & Human body model 100 pF cischarged Tyougn & 1.5 kN resestor.




Functional Block Diagram 5 " : . EREN
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LM131A/LM131/LM231A/LM231/LM331A/LM331

ACEADD

s 2ed

Typical Performance Characteristics

(Al electrical characteristics acgly for the circuit ot Figure 3, unless otherwise noted.
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Typical Applications (Continuec)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131is a ‘monolithic circuit designed for accuracy and
versalile operation when applied as a voltage- -to-frequency
(V-to-F) converter oc as a frequancy-to- -voltage (F-to-V) con-
verter. A simplified block diagram ¢! the LM131 is shown in
Figurs' 2 and consists of a swilched current source, mput
comparatar, and 1-shot timer.

The operanon of thesa blocks is besl understood by gomg
through the aperating cycle of the basic V-to-F converter,
Figure 2, which consists of the simglified block diagram of
the LM131 and the various rasistors and capacitors coo-
nected to it 3

The voitags ccmca.ra(or compares a posmve input voltags
V1, at pin 7 to the valtage, Yy, at pin 6. I V1 is-greater, the
comparator will trigger the 1-shot imar. The output of the
imer will tum ON both the frequency output transistor and
the switched currant source for a period t=1.1 RCq. Ounng
this period, tha cumant i will flow out of the swilched current
source and provide a fixed amount of charge, Q=i X L into
the capacitor, Cy. This will normally charge Vi up to 3 higher
ioval than V1. At the end of the timing pencd..the cumant i
wiil tum OFF, and the umer will reset itself. 3

Now thers is no currant nomng from pin 1, ‘and the capaci-
tor Cy_ will be gradually discharged by R until Vy {ails to the
levei of V1. Then the comparator will trigger the timer and
start another cycle.

Thae current flcwing into C_is exacty lavg = i-X (1.1 Pz on)

DETAIL OF OPERATION, FUHC"ION»«L BLOCK L

DIAGRAM (FIGURE 1a) : " Tl
The block diagram shows a’ band gap releranca wn;ch pro—
vides a stable 1.9 Vg outout This 1.9 Vg is well reguiated
over a Vg range of 3.9V to <0V. It also has a llaL low tem-
perature coefficient, and typically changes .ess man ‘/1

over a 100°C temperature change = et

The current pump circuit {orces the voltage al pin 2 to be al
1.9V, and causes a cument i=1.80V/Rg.!'0 flow. For
Ry =14k, i=135 pA. The precision cument reflector pro-
vides a cument equal lo i to the current swilch. The cument
switch swilches the cument to pin 1 cr xo ground dependmg
on the state of the Rg flip-flop.

The timing function consists of'an Rs .".ip.ﬂob, and a timer
comparator connected to the axtemal RCy network. When
the input comparator datects a voitage at pin 7 higher than
pin B, it ssts the Rg llip-Nop which tums ON tha ‘curent
switch and the output driver transistor. When tha volftage.at
pin 5 rsas 10 ¥; Ve, the timer comparator causes the-Rg
llip-{lop to reset. The resat transistor is then tumed ON and
the cumrent swilch is tumed OFF.. - o

. L
However, il the input comparator stll de(ac; pin 7 higher
than pin 6 when pin 5 crossas Y3 Vec, the (lip-ficp will not
be resat, and the curent at pin 1 wiil continue 1o flow, in ils
attempt to maks the voltage at pin 6 higher than pin 7. This
condition will usually apply under start-wp condiions or in
the casa of an averoad valtage at signal input. It should be

- noted that during this sort of avarcad, the cutout frequency

% 1, and the current {lowing out of Cy is exacty Vy/Ri === -—

Vip/ AL I Vi is doubled, the frequency will couole to main-
tain this bajance. Even a simple V-to-F converter can pro-
vide a frequency precisaly brooom'onal to ils input voltage
over a wide range of frequencies.
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FIGURE 2 Simplified Block Olagram of Stand-Alone
Voltage-to-Frequency Converter Shawing LM131 3and
Exum.ll Components

will be O; as soon as the signal is restored lo e working
rangse, the output frequency wiil be resumed.

> .-The outout driver transistor acts to sawrate pin 3 with an

ON resistance af about SOQ. In case of ovarvoltage, the

“output current is acavaly limited to lass than SO mA.

Thae voltage at pin 2 is regulated at 1.30 V¢ lor all values of
i betwean 10 pA o 500 pA. It can be used as a voltage
raferancs for athar componaents, but care must be taken to
ansure that current is not taken from it which cculd reduce
the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC YOLTAGE-
TO-FREQUENCY CONVE_RTER (FIGURE 1)

The simple stand-alone V-1o-F conavertar shown in Figure 1
includes all the basic circuitry of Frgure 2 plus a few campo-
nents lor improved perdormance.

A rasistor, Ry = 100 k1 = 10%, has bean addad In tha path
lo pin 7. so that the bias cument at pin 7 (=80 nA typicai)
will cancel the eftact of the bias curront at pin 6 and heip
provide minimum frequency offset

The resistance Rg at pin 2 is made up of a 12 kM fixod
resistor plus a S kN (cermet, praferably) gain acjust rho-
stat The function of this adjustment is lo tim out ha Qi
toierance of the LM131, and the tolerance of Ry, iy and G

~ cme
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LMI31A/LM131/LM231A/LM231/LMI3TA/LMIN

Typical Applications (Continued)

For best results, all the components should te stabls low-
lsmperamra—coefﬁcian( components, such as metal-film re-
sistars. The capacitor should have low dielectric absorption;
depending on the temperature characteristics desired, NPO
ceramic, polystyrene, Teflon or polyprepylene "are best
suited. . ’ ) el b

A capacitor Cyy is added from pin 7 to ground to act as a
filter for Via. A value ot 0.01 uF t0 0.1 pF will be adequate in
most cases; however, in cases where better filtedng is re-
quired, a 1 pF-capaciler can be used. When the RC time
constants are matched at pin 6 and gin 7, @ voltage step at
Vin will causa a step change in fout. If Cin is much less
than C(, a step at Vyy may cause {oyT o step momentanly.

A 470 casistor, in serigs with the 1 ufF Cy, is acced to give
hysterasis effect which heips \he input comparaior provica
the excellant linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGUAE 3) . R\ € V7,

In this circuit. integration is performed by using a cemven-
tonal operational amplifier and feadback capacitor, Cg.
Whaen the integrater’s outgut crosses the nominal threshold
level at pin 6 of the LM131, the timing cycle is initiated.

Yiw
. =%y
FULL SCALE

¥y — AA—> -V
CrmMaoRAL

QFFILT ACIUST

2101 e

The averags current fed into the cp amp’s summing point
(pin 2)isi X (1.1 RCY X t which is perectly balanced with
—Vin/Ria. In this circuit, the voltage offsat of the LM131
input comparator does not atlect the otfset or accuracy of
the V-lo-F coaverer as it does in the stand-alone V-to-F
converter; nor coes the LM131 bias curent ef offset cur-
rent. Instead, the offset voltage and ofiset current ol the
operational amplifier are the only limits cn how small the
signal can be accurately converted. Since op amps with
voltage oiset well below 1 mV and offset currents well be-
low 2 nA ara available at low cost. this crrcut is recommend-
od for best accuracy for small signals. This circuit also re-
sponds immediately to any change of incut signal (which a
stand-alone circuit does not) so that the output requency
will ba an accurate representation of Vi, as quickly as 2
output pulses’ spacing can be measured.

In the precision moda. excetlent finearity is obtained be-
causs the current source (gin 1) is always at ground poten-
lial and that voltage does not vary with Vi of fout. (In the
stand-alone V-to-F converter, a major cause of non-lineanty
is the output impedancs at pin 1 which causes i to change
as a function of Vin). b % :

The circuit of Figure 4 operatas in the sams way a3 Figure J,
but with tha necessary changes for high speed operauon.
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*Jse itable COMPONants wiN Iow lemoersfIre coefficeny. See Typwcal ADphcabons secdon.
**Thvg resmtor can ba § kN or 10 kN foc Vg =8V 10 27V, but must be 10 kN for Vg = 4.5V 10 8V.

“=+{J30 low Gff3at volaqe and kow off3et Cument 00 LMo lor Al: recommended typot LM108, | KIOAA Lrania

FIGURE 1. Standard Teat Clrcuit and Applications Clrcult, Precision Voltage-to-l1eaurnay Convericr




Typical Applications (Coninued)

DETAILS OF OPERATION, FREQUENCY-TO-

VOLTAGE CONVERTERS (FIGURES 5 AND 6)

In these applicaticns, a pulse input at fix is ditfarentiated by
1 C-A network and the negative-going dge at pin 6 causss
the input comparator to tigger the tmer ciccuil Just as with
32 V-lo-F cdnverter, the average current flewing cut of pin 1
is laverage = | X (1.1 R&Y X £ o s .

In the simple circuit of FIGUAE 5, this current is filtered in
the network R = 100 k2 and 1 u7. The rigple will be less
than 10 mV peak, but the response wil be slow, with a

0.1 seccnd time constant, and setiling of 0.7 second o
0.1% accuracy.

In the precision circuit, an operational ampiifier prowdes a
buHared cutput and also acis as a 2-poig filter. The npple
will be less than S mV peak for all frequencies above 1 kHz,
and the response time will be much quicker than in Figure 5.

“ However, for input frequancies telow 200 Hz. this circuit will

have worsa ripple than Figure 5. The engineerng of the filter

" time—constants ta get adequate response and small encuch
ripple simply requires a study of the comorcmises O to

made. Inherently, V-lo-F converter resoonse can be last,
but F-lo-V responsa can not.

futtcant

CEFICT acSveT
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“Usa 3130+ COMOONant3 with low temoerature conffcents.

FIGURE 5. Simple Frequency-to-Yoltage Converter,
10 kHxz Ful-Scale, =0.06% Non-Linearity
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FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, =0.03%
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LM131A/LM13 1/LM231A/LM231/LM331A/LM331

Typical Applications (continuaq)

Ught Intensity to Frequency Converter
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Typical Applications (Continued)

Analog-to-Dlgital Converter with Microprocessor
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Remote Voltage-to-Frequency Converter

TQ VFC
CIRCUITRY

neq

TUH/$480-13
with 2-Wire Transmitter and Receiver

FREQUERCY
aquiruT

L nn

Voltage-to-Frequency Converter with Sq

-vge=8vge 10 +13VaC

TU/H/$480~14
uare-Wave Output Using =2 Flip-Flop

CLA  raf

Yin
A MMILCTC
CRUMILAA
' TUH/$680-15
Voltage-to-Frequency Converter with Isolators
vy
1 “Yigcic
n
T3 COMPUTER
YiIe | k== —--
yuxg /. A 5 ;:: COURTIR
Ut \ 10 5-T0-¥
Yim S b e i (Qav{RTLR
I ot vuag LN
artortataTon
iml10R
SIMILAR

TU/H/ 850~ 18

LCSW'I/VLCCW‘\/ICZW’]/VlCZW‘]/lClW'l/VlClWT



LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (coninueq) oL e

Voltage-to-Frequency Converter with Isolators
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connection Diagrams

Metal Can Package

Dual-in-Line Package
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Order Number LM131H/883 or LM131AH/883
See NS Package Number HO8C
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See NS Package Number M148
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See NS Package Number NOSE
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, The LM 124 seres consists of four indepencent, hrgh gain,
" internally frequency compensated ogeratenal amplifiers
! which were designed specifically lo operate from a single
power supply over a wide range of voitages. Operation from
split power supplies is also possible and the low power sup-
ply cument drain is independent of the magnitude of lhe

ﬁ]\fﬂtional Semiconductor

LM124/LM224/LM324/LM2902
Low Power Quad Oper_ational Amplifiers

. General Description

power supply voltage.

Advantages

x Eliminates need for duzl supplies

B Four internally compensated 0p amgs in & sincle
oackage

u Allows directty sensing near GNO anc Vgoyt also goss

to GNO

Compatible with 2ll forms of logic

Agonlication areas include transducer amplifiars, DC gain
blocks and all the conventiona! op amp circuits which now

can be more easily implemented in single
tems. For example, the LM124 series can

power supply sys-
be directly operat-

. ed of of the standard + SV pawer supply voltage which is
used in digital systems and will easily provice the required
interace electronics without requiring the 2dditional = 1SV

n Power drain cuitable for batiery operation
Features
o lnternally frequency compensaied for unity gan

power supplias.

Unique Characteristics

a In the linear mode the inputl common-mode voltage
range includes ground and the ouigui voliage can alse
swing lo ground, even though operated [rom only a sin-

gie power supgly voltage b
a The unity gain cross frequency is lempe(cture
compensaled
m The inpul bias current is also temperature
comgpensated

x Large OC vcltage gain 100 €2
® Wide bandwidih (unity gain) 1 MMz
(temperaiure compensated)
x Wide power supply ranca:
Singla supply JV to 32v

or dual sucplies +1.5Vto =16V
® Very low supply current drain (7G0 pA)—assentizlly in-
dagendent of suoply voltage

® Low input biasing current 45 nA
(temperature comgenszted)

x Low input ofise! voltace 2=V
ang offset current S nA

n {nput common-mede voltage range includes ground
x DiHerential input voltage range aqual to the power suo-
pty voltage

= Large output voltage swing VioV*® — 1.5V

Connection Diagram

Dual-In-Line Package
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Order Number LM124J, LM124AJ, LM1244/88377,

LI 124AJ/883°, LIM224J, LM224AJ, LIM324J, LM324M,

LM324 AN, LA2902M, LM324N, LM324 AN or LM2302N
See NS Package Number J14A, M 14A or H14A

“UA122A avadaSie cer JM38S10/11006
"TLM12¢ avadatte cer JMJ8510/11005

-1e
oty
TW9z3-37
Order Number LM124AE/B83 or LM124E/0N3
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Leal2a/Livi22d/ 1vid2a/ Linzyu2

Electrical Characteristics v' .. 150V (Moo 4) unloss othonwiso stalod (Continuod)

LM124A LM224A LM324A LM124/LM224 LM324 LM2902
Parameler Condltlons Unlits
Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max|Min Typ Max|Min Typ Max
[
utput Current | Sourco | Vg = 2V Vm_ HV‘* 0 20 0 20 0 20 9 20 10 20 10 20
Vin~ = 0V,V" = 15V
mA
Sink Vin~ +1V,
0 5 a 5 1] 5 o 5 8 5 3
Vint = oV, Vo= 15V ' o 5

Hote 1: For oparaling al hugh lomporatires, Iha LMI24/LMI24A/LM2902 must bo doralod basodona 125°C maalmum inction lemperaluroe and a thacmal fesistanco ol 84°C/V/ which applies for the davice soldarad 'n a prinlcd
cucint board, oporating In a sull aw ambient Thu LM224/UM224A anc LMI124/L1124A can be doratod basoed on 3 4 150°C maximum junction lomperatura Tha dissipation |s tho total ol all tour amEhhiars—uso oxturnal (exstors,
wharo passiblo, 10 allow 1IN0 aaphiliad 10 saturale cl 1o raduca thu prywer which is dissipatod in tha Intogratod craual.

Nota 2: Short cucunts lrom tho outpul lo V ' can cauto axCn3sna Banhing and ovontual dostauction. V/hon consiwing short clicuits 10 ground, tho inavimum culpul cucront Is opprorimztoly 40 mA Indopandont of tho mogatuwo ol
V' Alvanios of supply voltago ia oxcass of + 15V, contlnuous st -CuCidta can oxcoad Iha powor Cssipalion (aungs ond Couso ovontual dostruction. DostiuZive dissipation can rosult lroni simultanaous shons on ol ampihiors,
Mote 3: This Input Cinront will oaly oslst whon Iho vollaga al any ol Ino Inpul londs I3 divon nogatrvo. [l duo o ho collocior-base junction of tho Input PNP lranslsiors hocoming {orward biasod and theroby acting a3 input diodo
Clamps Ia AdObon 10 this dioda sctlon, 1horo I3 8150 lubwul MPII pespsitic lrnnsistor acton on tho IC chip. This kansisior aclion can couso tha oulpul voltagos vl the op amps 10 g0 1o iho V', voltagn lovol (of 16 ground lor o largn
ovurdiva) (of 1ho imu Juralion thal an nput 13 Wven nogalive. Thet |3 not dosiruciive 2nd notmal oulput slalos »d (0-031abLish whon tho Inpul voltago, which waa nogalivu, 3gain roturns 19 a voh:e groator than = 0.9V (o1 25°C).
Hole 4; 1hose spociicalons are hmited o = 55°C £ Ty € + 125°C lor the LM124/LM124A. VAR tha LAM224LM224A, all tomparaluro spocifications are limited 1o -25°C < Ty £ +85°C, tho LM324/LMI24A lomporaturo
spocilications ace kmited 10 0°C < To s #70°C, and the LM2902 specificanona are mmiled 10 —40°C < T, < +85°C.

- 1.5V) lor LM2902, V" lrom 5V 1o 26V.

Mote 6: Tho awocton ol Ihe inpul curent ts out of Ina IC dvie 10 tPa PNP input stage. This current |3 ossontialy constant, Indopondant of tho stata ot Iho output 30 no loading chango exists on the Inpul linos.

Nate 7: Tha Input common-moda voltaga ol eithor nput signal voltage should 110l ba allownd 10 go nagallve by mx e than 9.3V (ol 25°C). Tho upper and ol tha common:mode voltaga fango Is vV ' — 1.5V (a1 25°C), but oithor o Doth
Inputa €an 00 10 F 32V wilhout damage (+ 26V for LI2002), indepondont of Iha magnitude ol V',

Hole 8V & 1 4V, Ag = 0l with V ' jiom SY 10 30V; and over the lull lnpul common-mode ranqge (OV to v'

Hola 8: Ouo 1o proxinuly ol oslornal companonts, insuce 1hal couphng 13 nol onginating via sliay capacitanca bot=aan thosa axtornal parts. This lypicalty can be datoclad as s typo ol copacltanco Inzruases ol highor lroquencics,
Hote 9. Nulor 1o RETS124AX lor LI 124A mditasy spocilicabons and rolod 1a RETS124X lor LMY 2 mulitary spozhAcalions
Mote 10, I hunan Loy 1hodut, 1.5 ki1 i sonos w100 pF.

Schematic Diagram (gach amplitor)
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Parameler Condltions e - Units
Min Typ Max [Min Typ Max |[Min Typ Max [Min Typ Max |Min Typ Max |Min Typ Max
Amphhor-to-Amplilior [ = 1 kl{z1020 kllz, Tp ~ 25°C -120 ~ 120 120 120 120 —120 U
Coupling (Nolo 0) (Input Nolurred) .
Qutput Current |Sourco Vin! = VLV T o= oV,
0 40 0 40 20 40 20 40
V' m 18V Vg = 2V, T = 25°C i 20 20 il 2 & oA
Sink  [Vin~ = v, vyt = ov
; ¢ ' 10 0 10 20 10 20 10 20 {0 20 10 20
VE o= 15V, Vg = 2V, Ty = 25°C .
VT = v, vt o= oV,
0 0 50 12 50 1 50 A
VF = 15V.Vg = 200mV, Ta = 25°C | 12 3 AN g % : ®
Shorl Cicunt 1o Ground  [(Noto 2) V SR EAVA Ta » 25°C 40 60 10 60 40 60 40 60 40 60 40 60 mA
Input Ollsel Voltage (Nota 5) 4 4 5 7 9 10 mVv
IripuliQiizol fig = 04} 7 20 780\ 2o 7 10 7 7 7 WV/C
Voltagu Dnlt
Input Ollsol Currant hhgry - -y Vem = 0V 30 30 19 100 150 45 200 nA
-0
opurefisel Rs = on 10 200 10 200 10 300 10 10 10 PA/'C
Curtront Drilt
lnpul Bias Curront ingeyorimg ) 40 100 10 100 40 200 40 © 300 40 500 40 500 | nA
Inpul Common-Mode V1 = +30V o + T + i =
0 VE <2/ 9 MG 0 N1 2| O < 280 Vs o] WA e \Y
Voltago Range (Note 7) |(LM2902, V"' = 26V) < ¢
Largo Signal Vi o= 415V
Vollago Gain (Vo Swing = 1V 1o 11V) 25 25 15 25 15 15 V/mV
RL 2 2kN
Oulput Vollage [Voyy [V = 30v R = 2k 26 26 26 26 26 22 v
t -
Swing (LM2902, V" = 26V) g ‘w0 |27 28 27 28 27 28 27 20 27 20 23 24
VoL V' ~ 5V.AL = 10kN 5 20 5 20 5 20 sf 4 20 5 20 5 100 | mv

J
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Absolute Maximum Ratings
11 Milltary/ Acroupacu speclited devlces nru requlted, please contact the Hatlonal Semlconductor Saloy Oltice/DIstributors for avallabliity and specliications.
(tiote 9) '

LAM12471. 02207114024 LM 124/LM224/70LM324
LI (24 A/LM224AZLIMI2ZAA LM2202 LA 124A/LM224A/LMI24A LM2302
Supply Voltago, V ! aev 26V Storago Tampuriatuco Alango --65'Clo 1 150°C -65'Clo 11150°C
Outorential Inpul Voltago v 26V Load Temporaturo (Soldering, 10 soconds) 260°C 260°C
Inprat Vollago S0V 132V -03dVio 128V Soldering Information
tnpat Curront Dual-In-Lino Packaqo
M 0 3V) (Moto 3) 50 mA 50 mA Solduting (10 seconds) 260°C 260°C
awor Diszapathion (Flol 1) Smail Ouihno Packago
G seapahon (P ) : as 5 5° 15°C
roldd DI 1190 W 1100 i X‘,‘:f:"‘u?(‘l‘;f ((ﬁ:%nf‘(f;m"” g‘)og gﬁs.g
Cawity (12 1200 imwW 1260 i AR ’ . =L g o
Sinall Outhne Packago OO WY 000 1\ So AM-150 “Sulaco tiounting Molhods and Thait Elloct on Product Actiatulity™ lor
e . e othor mothotds ol soldenng surlaco mount dovices.
Oyt Shodd Cacont 1o GRID : .
(U e Anpalilion) (Huoto ) SO Takaranca (Floto 10) 250V 260V
v'ooasVand Ty -+ 25°C Continuous Continuious
Oparating Yompocatoe Nango 140°C 1o 1 05°C
L MD2A7E MU24A 0°Cio 1+ 10°C
11422471 M224A - 25°C 1o+ 05°C
L EAL2470 MI24A 55°C o 1 125°C
E‘E:Ctrical CharacleriSHCS V' = 50V, (Mote 1), unlass otherwiso slatad
LEtti24A L42210A 3 A 3 - N | 3
Parameler Caondlilons It € L S G e LLIECHG 0 v pagdd A1 ~—Lf—“g—l{-l;'—!z-2—4- LA L2008 Unlts
. ) \ § Typ Max [Min Typ M Min Typ Min Typ  Max  [Min Typ  Max
lapat Otluut Voltagu (Motu 8) Tp - 25°C 1 2 ! dl 2 1 2 1 mv
gt Hias Guerent liriga ) of heyg ) Ve - oV, o ¢ .
- 20 40 ( B 0 4 e 5 )
Y [p - 25°C 50 { 40 15 100 15 150 15 250 15 250 nA
Tapat Ofluet G l | | Ov,
pjstlEeL En ey i 2 10 2 1S 5 30 3 ) 5 50 550 aA
T o 12576 4
Hopal Common todo v'ooaov, (azno2, v 2V %y 14l 0 7N |, v'~ V% ol 1l o it wal s woial g
Vottago Nango (Mota 7) | Ta = 25°C ’ ” ? Jiid 122
Sy Corrant Qvor Full fomporatuco anga
N - «@ On AllOp Anips '
v oa g0V (LM2u02 V' - 26Y) 15 2 155 2 15 it 1.5 2 1.5 3 1.5 3 A
AE-\Y . o7 12 O —(ng 07 12 07 12 07 1.2 0.1 12
1 atga Sgnal v! 15V, N .- 2 ki, 2
: : - - 50 100 0 100 25 100 50 25 25
Vetianga Gam (Vi =« 1V10 1IV). Ty = 25°C B 50 100 5 100 25100 Vimv
TR AT DG Ve CViuv!' uv N
2 70 05 0 05 65 05 70 5 5 5 5 7
vaon Halio Ta = 25°C l " > i by Al 50 0 un
Do Supply v' - svioaov i ;
oo hea bl [(RY R v! VALV 65 100 Y55 100 65 100 65 100 65 100 50 100 dn




oy MIDSFETS
YSY Wit e
i Orain to Gaze to 1Cecntin uc--sl Gaie Drain to
i Transcen- Source Sovrce Orarn Source Sourge
Oe=scrigticn ductance |Sreakdcwn!Crzakdown| Curren: [ Threshold | Resistarce
and gfs Voltsee Voliage e | Voliage ‘©S \zn)
Acclicaticn mhcs eVpss 38Veas Amps [
HA208FET, 6 Min | 100 Min =20 MBX® 22
2 Min G Min | =20 tdax” 6

ts!of! =200 ns,
=130 rs
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\iiny

3 tiin
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20 tidx”
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X
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(aior =20 ns, wdton:

=330 ns

8 Min.

) Min

t
o
A
=3
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=
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i
H
T i ’ tdtof) = 16J ns, 13lan
F— Y el s
| | { TR Y
17 Mie &) Mint b 220 Wax 20 [ 4 Aax | 028 fha (2000 Max | iS5 ek |
P i l l ‘
: - 1L Adnclortt = 11C/As tdieni =20ns, @2 :20ks, | |
l 1 ) E tr =70 ns |
{OQ3FIT, ' 1.5 tin 100 Min | =20 Max” 8 < Max ‘ 5 Mas l 5 i 75 Man |
! ‘ 4 dlotlt =90 ng, 1 tent =50 ns i =4 ns,
!' [ w=120 ns
; Z Min 100 tin | =23 Max 8 22 Max | Mo 1200 Max i 75 Mk
iEr‘f.nc*rr.c—n AerraBE0Sns, AciCnjeef0 i3 O i 45,
=i Sones ! r =10 ns
_[S Ei{eh] | )
hvos#zT, 3Min | 0O Min | =20 Max | iZ a3 x| e Max 1120 Miaa ] 75 via
15 -Ch, R i A
I€ahancement 1df0iil = 2CQ ns, tdloni = =) ns, if = 1CC ns,
tr'="30 rs
' | |
| 1 . ) . - = = = y
! 12 Min 00 Min | =20 Max® 30 IMax ; 057 tlax |270Q viax | 130 Max l
!
!Eﬁl‘a»"cu.—.em | tatofir= 150 rs, i2lon) =23 ns. ¥ 2€5 n
Hi Speng ! tr==0ns
Switch i
\i0s = 5 Min 200 M | =2C fAaxt ! 2.5 Iaax | .2 Max ] 1200 Typ | 73 Max
NLCh, | ‘
€~hancement tcloit = 12C n3, tdion) =20 ns. tf =30 ns, |
=i Sceeq tr=8J ns !
Swich
s s T < . > o - 1
VIOSFET, i Z AMin 220 Mia N Vaxe 3 12 fMax | iS5 Max 100 Alax | T3 Max
N-Ch. ! l
Smaancement l ns.otaten) =S ns, =10 ns
Hi Sceeqd
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Aeeneny
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zar 1T and ¥lodule Circuits {cont'd)
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< 14-Fin DIP See Fig. L104
ucio Preamp

ECGSZ4
TV Video iF, AFT (16-Pin OIP-Q

See Alternate Fig. L113)

16-Pin DIP See Fig. L111.

ECGSes 2¢-Pin DIP Sce Fig. LI7
Chroma Processor and Demod

HRON 1 HCRIZ XEY
CRROREA N PULSE 1MPUT
SBOUND L] FEEOBACK 2 KEY PULSE IMPUT VIDEQ OUTPUT ACERITER { zerc
E0BACK 1 T 1) AGC FILTER Vv
PO : SAT conrag osciLLaTcR
2 A1 INPUT SUBSTRATE OVERLOAO DET FILTER 2NO
INPUT 1 XILLER FILTER PHSE SHIFT
QUTPUT 2 GADUND <] 0€T BIAS PROCESSOR SZC IN2UTS
" CHROMA QUTPUT
oQUTPUT 1 £ ] ouTPUT 24 CLAMP CAP k] SHUNT REG GAOUND vee
utPUT 1A [T 7 okiay 2 "‘5%531 Al INPUT/DET 8-y TINT CONTACL
PUT &4 ZCARRIER FILT
oetay 1 53 1 v AGC DELAY TUNER AGC QUIPUES § G EALICTER
cc £
ECGo84 R-y [T LESH CORR
IF AGC 214S A2 QUTPUT CARRIER OUT2UT
3 . Q REF INPUT FLESH CORR/
s % OVENLOA0 52T O
| REF INPUT ODEMOO CHROMA
. INPUT
7 14-Pin DIP See Fig. L104 | ECGS33 T0-92 SeeFig. L16 | ECG289 14-Pin DIP See Fig. L10:
7 -Pi Fi p
StA 14-Pin SOIC See Fig. L1680 | pog VR, 6.2V, 100 mA PLL. Gen Purpose
p Amgp
—_— -vece a
UTPUT Y QUTPUT 4
- PUT - -
iNPU INPUT 4 1 Pa® ) INPUT ne
+INPUT 1 +INPUT «
- vCD OUTPUT
‘va 4
4 PHASE COMPAR AVEE
CINPUT 2 . - INPUT 3 VCD INPUT c
goa REF QUTPUT TIMING CAP
ECGMASM < ’
-INPUT 2 ECGsHT -INPUT 3 >
ECC®TSM oureur 1PUT VCOD CTAL VOLT TIMING RES
wTPUT 2 ; QUTPUT 3 /
. COMMON

. 987SM — Single Sucply, Pin i1 = GND

Ses Voltage Prgulator Salactor Guida Paga 1-157

14-Pin DIP-W See Fig. L10S
PO, 2 W

BIAS V-
QuTPUT 1 cuTPUT2
GROQUNO GAQu~o
GROUNO GROUND
GROUNO GROUNO
NPUT | - INPUT 2 -
JACX 1 - ECG0

FEEDOBACK 2 -

EG 359 16-Pin OIP See Fig. L112
CB PLL, Freq Synthesizer

Fx d voo
LP 4 g urP 1
P3 uP2
P2 ur 3

e ur 4
cenr O Fin

PCP QUTPUT asc
(Ccom
PC2 OQUTPUT vss

EC@e2 14-Pin DIP Se=2 Fig. L1
4 Indepondent Amps, V + = + 232V Max

+ INPUT 1 Ve

+ INPUT 2 -1INPUT ]
-1iINPUT 2 ! = INPUT 4
OQUTPUT 2 QI -1INPUT ¢
QuUTPUT 1 QUTPUT 4«

- INPUT 1 QUTPUT )

- INPUT ]

€cG
GROUMO Qi casn Fl

8-Pin Can See Fig. L3
’urpose Voltage Controlled
o, Functicn Generstor

NC SQUARE
JROUND WAVE QUTPUT
‘cc ECGT34 TRIANGLE

WAVE QUTPUT

ECGS34M €-Pin OIP See Fig. L97

General Purpose Voltzge Controlled
Oscillator, Function Generator

GROU%O vcc
\C TIMING CAP
SQUARE w2 E

Tiaams ace

ECG995 " 14-Pin OIP Sec fig. ! 1t
Frequency to Voitage Converter

FREQ INPUT NC
TISAING CAP NC
RIPPLE INPUT GROUNO

COMPAR INPUT FRCQ 15PLIT
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papletion N-Ch JFET

Depletion P-Ch JFET

Depletion IM-Ch MOSFET

=

Dual Gate Depletion M-Ch
MOSFET

0 o 0 0
G 9 G CASE c2
g s s G 5 G Jds.case

ECG ECG ECG ECG
1127 46 326 220 221
¢5) A£7 461 {Duol) 468 460 462 222 (Gato Protectod)
(61 458 466 469 489 454 (Gote Protectoed)
457 459 467 455 (Gate Protoctod)

ECO
2304
2396
2292

gnnancement N-Ch MOSFET , g

Enhancement N-Ch MOSFET " .~

0
CASE
G b
EGL
465

§nh:'ancemér:\l N:_Ch_ MOSFET:

ECG’
66" 2330
67 2382 2391
" 490 2385
2375 2397
2376
2377

23811
2390
Pandly

2389

2388 2395 RN

Enhancement P-Ch MOSFET
e W

iy
2 e

.
1
'
S
B
'

x $ case

ECL, .

463 (Duol)
[Gawo Protacted)

Gnhancement P-Ch MOSFET

]

icg
2381




4 P i PR s, . . "
(2iS {COfixe a} (Maximum Ratings at T¢=25°C Unless Otherwise Noted)
Collector Collector Base to Max. Msax, Freq. Package
To Base To Emitter Emicter Collector Device in Currant
Description and Volts Volts Volts Current Diss. Py MHz Gain Fig.
Application 8Vcgo 8Vceo BVego | Ic Amps Watts I hee Case No.
1-Si, UHF/VHF Amp, Osc, |35 35 5 <0 mA 250 800 min {70 wp |TO-92 |T16
IF Amp (TA+ 25°Ch
I-Si, RF/IF/Video Amp, 30 15 2 S0 mA .600 300 min 20min |TO Q2 T16
Mix, VHF/UHF (Th=25C:
-Ge, AF Pwr Output 65 45 (CER) 15 7.0 30 22 KH7 s |801vp |TO3S T28
1-Si, AF Preamp, Oriver [S¢) 30 5 .8 .800 250 150 wp 1 TS.22 T6
o Amp, Sync Sep, (Ta =25 C- -
i.Si, AF/RF Amp, Sw 75 6 8 200ty | TC18 TZ-/"
s -,a . ‘,1.,:_.(..__'» . v Pt “J::-'?’lrk:‘:'”y‘q%km‘:‘ . 3 .
~-SiiAF/RE. Amp, Driver |75 , ‘ K 1500 & <206 [TO92 | T16
npl 0 ECGT591%.. oy e 26 . :rA, Qé TR |
~Si, HV Audio.Pwr,Output|300 .+ +  [300.35 ¢ | | ‘ ?Lmﬁf- 11000 |TO6s |T25
Ge, RE/IF Amp;.0sc? M.; g L 15*{4\‘“ "0(7m"'V—- zsmr—.:j‘( 40 typ TO»!B_‘FT7
C— G . ;rﬂ_ 25°C1
-Ge, Horit & Vert' De 320 (CES) w@;‘.w A 1S mun 7|TO 2 T28
Outpulxz‘l;vi ] ’ O} Tt )
S AF- Preamp Oriver, - G- S0 min 039 T8
\/deo Amp — 3 :
19! to ECG‘IE)« . A
i, Gen:PusfAmp;; Sw{ 100 ¢4 ! Rl ;Lo 1 [100 min [TO-227 |T17
1 10 ECOZSE IR 1 MULCEE AT
Si, AF P.eamp,ower,u g i \;{Kigj;'“:;, :
‘uz(s)v'd?q Amp (32(‘00{(10, = e : VT %‘%(' i .
IR T T hET A e © A DERA R o5 fef oo o ST NE :
thed Compl PaicsContaits ||~ VA 1B 220 A iy RT0-39 176
sach ECG128 (NPN) V55724 ¢ A AV7 | AN '
cCGlES (PNP e ’ ¥ ¥
, Geri Purp Amp, Sw 89 M 100 min | T0O-237 | T17
wpl to ECG128P R &) ,
-Si, AF Pwr Amp s . 40 typ T0-3 T28
!l to ECGZ'L‘)) 1
Ge, AR Pwr OUmucmﬁ ; 10 wp |TC9  |T27
i totFG?SS) }’(r’}’“ ':"?' ",
-Si, AFPwr Output "E‘ 1160 typ - TO 220 T4t
wl to ‘ECG.‘LSJEL‘ . : ( > ey 27
S, AF*P}V‘r‘OUlpqré‘)s . b
Wl to ECGT“SZLJ% Lf‘ ' ‘
‘ned Compfl F5é-Coaidins © ' 180 typ  |TO-220 |T41
sach ECG152 1NPN),':‘§JT. ) £
€CG1s3 (PNPI DT >
-Si. Video OulpUIAmp, 300 \*;,‘;4u 300, b ARKE , |80 typ |TO-39 |T6
R
7.0
(T¢ = 25°C)
-Ge, AF Pwr Amp 32 20 10 3 peak 75 - 1 110 typ |TC-9 27
i to ECG131) .
-Si, HV AF Pwr Amp 300 300 3 5 20.8 10 30 min | TO-126 |T45
1l to ECG39) . ;
Ge, AF Pwr Amp 32 32 ‘1o 1 1.6 1.5 Qyp |TO1  |TH
Si, AF Premp, Oriver,
Compt to ECG123AP)
hed Compl Paic-Contains |80 80 S 1 .600 200 180 typ |T0O-92 T16
23ch ECG123AP (NPN) (Ta = 25°C)
ECGI59 (PNP)
-Ge, RF/IF Amp, Osc, Mix| 30 20 (CES) 5 10 mA 200 400 20tp |TO72 T4

(Ta =25°C)




olStOi‘S (COH‘I d) Maxnmum Raungs At TC 259G Unless Otherwnse Noted)

eyl 8 Collector |~ Collector . es(a to | Max. - *Max. Fraq. . A iz Packaqo s
R . . To Base To Emitter mitter |. Colloctor Device in Curi’ont P -
Doscription and Volts Volts . Volts Current | Diss. Pg |~ MHz' Gain o0 ] Fig.

! - Application , BVcao 8Veeo -[\BVeng'| loAmps | - Warts ft hee Case [ No.

NPN-Si, Sw, Gen Purp Amp* {70 70(Ces) | 4o |4 |6 200 min {120 min [TO-92 |T16 .
s b s ' ~ (Ta=25°C) : o IR
NPN-Si, Hi Gain DC Regulator,| 200 150 6 S 50 15 400 min {TO-3 T28°
Amp o ' S
NPN-Si, Hi Pwr Linear Amp 250 250 (CEX) 5 10 200 3 20 min  |TO-3 1728
*{ {Compl to ECG§8) .
PNP-Si, Hi Pwr Linear Amp _

* 1 (Compl to ECG87) .. . . .

Pl Matched Compl Pair-Contains | 250 . |250 (CEX) | 5 ., |10 200 20 min | TO-3 T28
one each ECGB7 (NPN) and PR L - -ie - o
ECG88 (PNP). . ‘ §

NPN-Si, Horiz OQutput with 15C0 .| 6C0 Lt 5. ' 7 50° Gl 5 min TO-3 128
Damper Diqde{- Page 1-78 ’ g . ) :

NPN-Si, Hi Gair\,‘ Gen Purp 120 120 5 30 mA .79 350 400 min | TO-92M |T18
Amp’'(Compl to ECGY3) - {TA =25°C)

PNP-Si, Hi Gain, Gen Furp 120 i20° S 5C mA .75 1_50 1400 min TO-92M |T18
Amp {(Compl to ECGS0) v 4 (TA=235"C) ‘

NPN-S;, Audio Pvur Amp, Hi |200° pice, $ 6 15 120 2. 120 typ |TB-35 Td4-1
Speed Sw (Comp! 10 ECGS3) V- $4 ] P :

PNP-Si, Audio-Pwr-Amp, Hi \ < o [

Speed Sw (Compl 1o’ ECGS2) = : :

2| Matched Compl Pair-Contains {200 200 6 =l . JSOL 20 120 typ |TB-35 T44-1
one each ECGY2 (NPN) an | i G v ’
ECGS3 (PNP)

NPN-Si, Gen Purp Pwr DC 300 zCQ 5 3 100 2.5 min 20 min TO-3 T28
Regulator . . '~ ;

NPN-Si, HV Amp, S, 250 250 - 3 3 70 ‘|40 S0 min |TO-59 |T31
Isolated Stud”, o (Isolated)
NPN-Si, Medium Pyr Amp - (100 100 6 7 €60 min | TO-59 T31
Sw, Isolated Smd k- - (Isolated)
NPN-Si, HV oa‘mngmn Pwr . |500 400 -0 '8 10 4 min |TO-3 |T28
Amp, Fast Sw ty=.5 psec o 2Ty g

NPN-Si, HV Oarlington Pwr - |700 560 8 20 175 A 4 min |T0O-3 T28
Amp, Fast Sw, t¢=.6 usec

NPN-Si, HV Darlington Pwr 800 4c0” 3 SN} 250 - 25min |T0-3 TZ28
Amp, Fast Sw, ty=1 psec E

PNP- Ge, RF/IF Amp Osc, 25 |20 (CER) 20 3 150, S# 40 typ a3t} T0O-S T5
Mix ’ (Ta=25°C) |~ 455 KHz

NPN-Ge, RF/IF Amp, Osc, 25 20 (CER) 20 3 150 S# 40 typ at{T70O-S T5
Mix : (TA =25°C) 455 KHz

PNP-Ge, AF Driver, Preamo, |30 16 (CER) 20 3 150 2 0 typ T0-5 T5
Pwr Qutput (Compl to ECG103) TA =25°C)

PNP-Ge, AF Driver, Preamp, |32 32 (CES) iz 5 200 |23 120typ |[TO-1 - |Ti
Pwr Outpql (Compt to ECG103A} (TA =25°C)

NPN-Ge, AF Driver, Preamp, (30 16 (CER) 20 250 150 27 S0 typ at|{TO-5 T5
Pwr Qutput (Compl to ECG102) {Ta=25°C) 1 KHz

NPN-Ge, AF Oriver, Preamp, |32 32 (CES) 10 5 240 2.5 10S typ | TO-1 T1
Pwr Qutput (Comol to ECGI02A1 (Ta =25°C)

PNP-Ge, AF Pwr Qutput 50 35 (CER) 20 7 ¢ 10 KHz # 190 typ T0-3 128




']SlStOro (cont d) (Maximum Ratmgs at TC 25°C Unless Otherwise Noted)

Collector - Collacxcr Base to Max. Max. " Freq. Package
e To Bese To Emitter Emitter | Collector Devica in Current
Description and . Volts _~ Volts _* Volts® Current Diss. Py MHz Gain . Flg.

Se Appllcation BVegmo BVceo BVeggo | Ic Amps Watts - fe heg Case | No.

NPN-Si, Vert Deft” =~ [500 300° A8~ [3cont. 1100 e o 20min [TO3 . 178
s : ) © 110 pesak : . .

\ NPN-Si, Horiz Defl 700 700 (CEV) 5 10 peak 100 - 10 TO-3 T28
NPN-Si, Vert Defl . 1500 700 (CER) 5 1 50 .5 min 20 T0-3 T28
NPN-Si, Horiz Defl 1500 1400 (CES) | 5 5 50 .e- 5 TO-3 T28
NPN-Si, AF/Video Amp 30 300 5 .5 10 7% 40 min  {TO-202 |T38
(Compl to ECG2S6) ' =

N NPN-Si, Darlingten AF 40 40 . 7000 min| TO-92 T16°
Preamp,'NIéderr»Speééf\S\;V: L "*ﬁ‘:‘}' ‘,{( ’(‘/‘ ! -
NPN-Si, ‘4R pwr Amp ' 500 ¢ ! ! Celh SQwp |TO-66 |T25
R -

PNP-Ge_ AF. m Amq' 1125 g R ~‘=-,-'-} 25?}.' il ;_"i;‘ N M0typ |TO-39 |T6
.| PNP-Ge, AF Pwe &mp <00 | |20 0 « SStyp  |TO-3 T28
se ) CJTaErIeNd o

PNP-Si, AF Amg *
. (Compl to ECG1811:; J

:p Matched Compl! Pair- Contzms
one each ECG181 (NPNJ and
ECG180 (PNPJ A

NPN-SI, AF,Ampu.x“. D
»* | (Compl 1o ECGL8I 57yv7, !,

25 min | TO-3 8

25 min | TO-3 T28

NPN-Si, AF Pwr Amp, Hi.® . -l 21 30 min  |TO-127 |714s
Speed Sw (Compl 1o ECG183) A oz _
PNP-Si, AF Pwr Amp>Hi:’ ; ° |e0 30 min |T0-127 |Td6

Speed Sw (Compl to ECG182)

NPN-Si,"AF Pwr Amp, Hi
* | Speed Sw (Compl to ECG185)

PNP-SI, -AF Pwr. Amp, Hi .
Speed Sw (Commpl to ECG184)
Matched Compl Pa(r-Comaan'
one each EC6184 (NPN) and f
ECG185 (PNPRJ: L iiir Kol s

g LLLU Ip 30 min [TO-126 | 145

'

o ey T #1250 ma [To28 (a5

NPN-Si, AF Pwr Amp; Hi: !
Speed Sw (Compl to ECG187)

NPN-Si,* AF Pwr Amp, Driver

12575350 8 typ |T0-202 |17

80 min | TO-202M

L T4 10 'S F 4 |
-| (Compl t0 ECG187A) RE LR M .\ Y NP | 4
PNP-Si, AF Pwr AmpsHi .- |70 L1600 5T 13 125 - 7|80 - - 8 typ |T0-202 |1
Speed Sw (Compl- 10" ECG186) % o -a) 5L 4 N .
PNP-Si, AF Pwr Amp [+ 50 50 5 3 10 150 80 min | TO-202M| Toxr !
(Compl to ECG188A) -’ . X ’
NPN-Si, AF Driver, Pwr Amp. |80 PSR E- B : [ 80 typ |TO-202N |1
(Compl to ECG189) D
PNP-Si, AF Driver, Pwr Amp |80 g0 4 2 10 SQ 80 typ TO-202N{
(Compl to ECG1ES) .
NPN-Si, AF Pwr Amp, Horiz 180 180 [ 1 10 100 40 min TO-202N |10 |
Driver '
NPN-Si, HV AF Amp, HV 300 300 6 S 10 60 40 min | TO-202N{ "1 <4
Video Amp {Comopl to ECG240)
NPN-Si, AF Pwr Qutput 70 70 (CESI) S 1 700 120 min 180 typ [ TO-92HS| 1 1
(Compl to ECGiS3) (TA =25°C)
1
(T = 25°C)
NPN-Si, AF PO 70 70 (CES) S 5 6 120 120 min | T-16HS l'/)."—

(Comol to ECGi34) e e



2 AL lole s -;lwi;'g-%,'&.‘%'

ansistors (cont’d) (Maximum Ritings &t To 250C Unless Otherwiss Notéd)’

: [ Colloctor | "Collector .| Base to Max. - Max. . Freq. o " Peckage
" . . . To Base | ToEmitter | Emitter.| Collector Device Inv | Current \r\
. Dascription and . Volts Volts Volta™ Current Diss. Po MHz Gain ; Fig.
3 Type |~ . Application .. . ’ BVCBO BVCEO BVeggo Ic Amps Watts My . ) heg Case No.
230A PNP-Si, AF Pwr Amp ™~ 7
© .7 " [{Compl to ECG289A) 4 : : N . :
nAMcP | Matched Compl Pair-Contains | 100 © |80 5 5 .500 120 . |10 min {TO-92 |T1g
e one each ECGZ83A (NPN) and "y : ) (TA=25°C) o : ’
ECGZ2S0A (PNP) - )
31 NPN-Si, Pwr Amp; Sw 130 120, .15 4 40 4 min 7S typ TO-220 |[T41
(Compl to ECG292) _ . . . )
82 PNP-Si, Pwr Artp, Sw . . ]

(Compl to ECG291)

i ) ;
RMCP | Matched Compi Pair-Contains 40 TO-220 |T41
one each ECG29] (NPN) and...| b o] ’ |
ECG292 (PNP)7, “F A s
3 NPN-Si, AF Permp,. 1 . T-16 T20
Imp= | (Compl to ECG294)~ Moy (Heat Sink) y
T Ny,
(Ta225°C)
34 | PNP-Si, AF Pwr Amp i lo %2 T-16 T20
(Compl to ECGZ93: ! i ] er (Héat Sink)? .
S LR , | R PZT b
SN & 0% 3 (Ta > 2500) !
5 [NPNSI, AF Quiput/Diiver 5 150.ming 1120 min  [T0-126 | T4s
7' |NPN-Si, AF Driver;'Pyir Amp : ) 75, 11204550120 min | T16 0
MP* | (Compl to ECG238) <’z:4' S J flig \ (TA=25°C) :év)r"&f(fl o
8 |PNP.Si, AF Dnver/Perrno viole le0. 517 755 [120%¢% (130 min [T-16 T20
(Compl to ECG297) - : s - (TA = 25°C) g .
Q NPN-Si, AF Pwr Output S S min |T0-202 |T28
MP* {(Compl to ECG207) ¢ - R == .
2 NPN-Si, RF Driver/Pwr Amp - | 100 +|200 min | T0-202J | T37
4A Tansistor Kit See Page 1-54 |--- s

8 NPN-Si, RF Driver/PvcAmp 5 100" 7 |«
7 : | PNP-Si, AF Pwr Outpuz\"' ’:
: (CO('HDI to ECG300) & i ry\\"

1. | NPN-Si, VHF/UHF Osc,” Amp 85, « A0
Oriver $ g SRS Y

w . LTS

A 200 min | TO-2020 | 137
1[50 min T0-202 (T8

2Smin | T0-29 T6

i~

See FET Selec:orGunde el
Page 1-57 . : "B

! NPN-SI, VHF Tuner,-RF_Ar_np 30, y '|25min. [RF15 T4
i» s ol - }" .

(Ta=25°C)

e NPN-Si, RF Driver

IS5 5 |80 . [|200tp |SCB1 |TI9
(TA=25°C) ’ :

¢

NPN-SI, Lo Noise UHF. Amp“

200 350 {1400 2S min | T0-72 T4

(NF 4.5 d8 TT\ZX 450 MHz) ¢ N S I RS T2t TA=25°C) | ~forye
NPN-Si, RF Pwr Qutput 36 36 (CES) 4 15 Sjzo |- 10 min  |RF-50F |Ts8
(Pg 70 W, 30 MHz) : _ ) -
NPN-Si, RF Pwr Output 36 36 (CES) 4 6 80 -— S min RF-50F |Ts8
(Py 50 W, 30 MHz) ;

2 NPN-Si, AGC Contolled IF 40 30 4 S0 mA 5 300 min 3Styp  |TO-92 T16
Amp (Includes Metal Shield) (TA =25°C)
NPN-Si, RF Pwr Output 36 36 (CES) 4 6 80 200 min 5 min RF-50SS | T55
(Po 40 W, 175 MHz) . .
NPN-Si, RF Pwr Out 36 18 4 6 o] 200 min S min RF-38F |[T57

—J (Po 40 W, 175 MHz)



des and Rec‘&a'ﬂews (Geneﬁ'aﬁ Purpose)f

- ' - Average - Forward o .
Peuk ) Rectifled ° Current Revuru "|. Forward
Resverso Forward Repatitive Recovary Voltage . ) )
ne . Voltags - Current Peak - Time ~ Drop - | Fast | Gen Fast Fg.
a* - - Description ; -PRY Max V- g Max - IFRM Max tre Max VF AFC Sw | Purp |Recovery| No.
Gen Purp © -—= | Ge |10Q - 200 mA- _ |~ - - . Co. e 2
Gen Purp Ge |40 50 mA 150 mA - . - M e | .. ... 2
P . |Matched Diode Pair Ge |30 15 mA - -— - . ° =
. = at 60°C . -
UHF Mixer (Schottky) | Si |5 25 mA — - .5 at 60 mA o B Z4
Common Cathode Si {100 1.5A — -— 085V ° . ° ) 215
Dual Diode, Center- . at1 A
Tap, TV Horiz - . : ]
Series Dual Diodes, Se_ |20, 3 . — ° e 212
MV Horiz 1 : t o )n ¢t ”(1'12{)‘,_: R < ‘.‘1'7()‘:" &Q{x'l t .
Common Anodeyrtd,, oyl o 212
Dual Diode, TV)Honz: ’ ‘J\X :
AFC 1V LERY B i —
Gen Purp Rect '~ : : ° pax}
.|Gen.Pump Rect, . : ° Z10
' |Metal:Cass: ~; 3 ¥
Color TV Convg Rect. : , o .17
Gen Purp Rez}t‘l ! 5 A at% FAf N L z
‘ L) o Lead\ > 18 o
' : Temp_ﬁ) : & i
Gen Purp Rect‘ 2 rp& 1 : . 76
¢ 1~1‘U“ : 1 .
Fast Sw, Det, etc. |, e Z4
P |Matched Diods Pair, , Z5
AFC, AFT, etc: | 2 ¢ L
Sw, Fast Recovery, Si 1.0V at 1A . e e 26
Bst Damper, Blénkihg‘- a 1 v Y )
Gen Purp Rect,,. ¥ §L 50, oy, 10VaHA {‘.{‘_{ x—r__ - |7 LU
Gating, Centering '/v' oot SR ol TSNS
Sw, Fast Recovery, _ |-St! 800‘ L1 1.3_\\/' atd Al | e ® 78
SCR Defl Clamp , ', |- % | 7% L‘« ;‘J.,__ s
—_|Fast Sw Diode. 1 ; 1, s;fntma o Z4
- e ! ‘ 1 \ ""SL‘ ; ; ' '
Sw, Fast Recover‘y, Si {2000 e ° ZGA
Damper /i . 4 i
72 |Sw,: Fast Recovery, ¥, 7|5SI151 1800 . = 1.5V, 2 2AITZ | o pas
1# | Damper, Metal Cage 0.8 k< & o SRR AR A
|Gen Purp Rect, | Si L 1.5V at A e ° ° pax)
Fast Recovery , !, :.\ A Y s 250 mA :
GenPurpReci,x:. ! : by LA e, b— P e 12.-‘1,"' . ° e o Z3
Fast Recovery, HV! A T rﬁ‘f;‘“{g‘,.ﬁ‘: IR ERVARYA l(f'. nG: ‘
5" |Fast sw. sott Si |600 3IA 100 A v e | o o |z6A
e Recovery . .
Sw, Ultra Fast Si {400 S A 150 A 3Sns 1.25V at L] ° [] Z6A
Recovery 5A
Sw, Fast Recovery, Si | 1000 S5 A 200 A 70 ns 1.7V ats A ° L] e Z6A
HV
Schottky 8arrier Rect” | Si |0 1A 0 A . ‘1.8Vatl A ° ° z3
Schottky Barrier Rect | Si |20 3JA 190 A --- BVatlA e e Z26A
Gen Purp Rect, Si |00 3A Single . 250 ns 1.3V at ° ° ° Z1A
Fast Recovery Surge JA
’ 100 A




voltage Transient Suppressors
Oxide Varistors (MOV) ﬁ

TN

Maximum Voltage Nominal Transient B
Varistor Peak Power
RMS oC Clamping Voltago Enonrgy Current Dissipation
VACM vocm veu VNOM WTM oot™m PD Figuro
(Volts) {Volts) (Volts) {Volts) {Joules) {Amps) (Wattsl]. No.
10 14 42 18 8 250 25 S11-1
10 14 33 18 35 1000 5 s1-2 7
14« .18 47 22 9 250 .25 S11-1
14 18 43 22 4.0 1000 B S11-2
15 20 | 52 24 1.0 250 " 425 S11-1
15 . 48 24 4.5 1000 -6 .S11-2
YRR i R ?,x‘?,ﬂ; b OS] ‘er&@d\,‘xg:\'&}; v2s S11-1
17 0 5, 2 53 S r“{' 27'? x;v_  s0 1600 1 ! 6 S11-2
20 © | 26 1 ,;i‘wiﬁ“a‘ﬁé:mg‘&%ﬂ%u Tt gy 1 ! 2 S1-1
N R R L T s112
25 ohsgt | 0T T e RV I S §11-1
25 '« BB I:Oﬂz:(.),., 39 «'?'EL‘FLQF},LP‘ ;ﬁ ﬂ_go_g B S11-2
30 I 1'2?_373’;{?1 Lt RSN, 47, R SR, 25 St
R - T R R R S e TVACOORTRIY 16 S11-2
35 sl s 107 ' QYA i Siha, 1o 2D RRD[ES 125 S11-1
35 Lxr‘}fzj?,x‘;’(d\,\_ﬁs K ;101: S 156, Ay, 10.0 9000 STALN ¢ 1 - S11-2
0 IR |1 58 T A 163 R RTE, 1 1750 K5I 1 ¢ 25 S111
0 wm&% P R A R e e L B s I S11-2
50 1 OREEIRG [ s S8, 2 b QDR | 250 A\ YE S1-1
EIE I edas&w:z‘@wl R P 3 T G
50 ¢, ! “85%?.*166‘«%3‘%{5‘ 100 L |! ORRGRE 1  RAOEREIY 1 L 25 StI-1
R § AR 165 T 5|55 10D ! 20005 4S00R I 5 1 B S11-2
75 5 LR 100 195 ¢ A {0 R ., 5.0 | 1200 SIS 11 25 S11-1
75 L RS0y, | 1) 95 ¢ Jepolt (20 PRolOER0 [+, 1 8S00 A 6 S11-2
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