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The controllable Uninterruptible Power Supply by Microcontroller and computerize display

T e

Tae

g

¥
MENAANIT  9385a1 e

E' uiagal 191351
! Wiy AR
IR ¥o19%

Sy ey 1.2 R0 254

meztﬁuu.......Q.x.‘..sa.é\.g?:.:z......

wudunuiida... . 4000 N

Ll

ﬂ‘s'tgq1ﬁwu€fﬁi‘ludauuﬁwmmsﬂ"ﬂu1mnuﬁ'ﬂqmimﬂssumm%ﬁ'wvﬁn
adransa i
5 aonfuma Tulagwszsaundudigummsmanszis
Unisfinu 2540

038467



J—

2 -
=t

o .

- v e P

S S e

(N 4 -~ 4
unasig fhdsesiinaugudan luTasneu Insnnesuazunninayuneuiages

The controllable Uninterruptible Power Supply by Microcontroller and computerize display

Imsfani 2540

Tag

winfiaaned  95usail Imena s¥a 38013093
@I THH 38013099

weAgel
Wigdiu AR THE 38013157
UgIau ¥o1aY $¥a 38013161

g1913emS nu

s.A3. 3508 Nvwydusyy



;
Ysngniinusilnisdinm 2540
£
madsdens sy Wi
j

putdnssumans  aaniumalulodnsyesundudnunmsmansnia
f
i

‘T4 unasnig fhdsesfimunudas lulnsaeuInsamesuazuaasmavunsuiamed

' Adari

i

‘ 1. msiaansd  5eallnara 51ia 38013003

) 2. WgAfu 1331 S¥a 38013099

; 3. woiEu AT THe 38013157
4. WIRU Foiay AT 38013161

r _)3}2( /375)/7) /*§?J/ ow1sdfiLT Ry

(s9.a3. 350 HvwgduTyy)

T R ey

.



T

wwiadnsd  ssoial lnenn

WIsAg 3N
WIEY 39FTIIS0

k4

Ll T

wigieu HuIAY

—~m - o PR,
IA.A7. 370y WirweduTy o1913dMlinm

Unsdnu 2540

. unassia IiddiseanTegiien ( Uninterruptible Power Supply ; UPS ) Asgilnsaifiven

usufewiousiondanu fhdredhiifumse edndeiios Sl IMdwens i

Aunfefadatesswiisunnnaunglefan  wiulddgfemiluglnsaimmlssdninm

WiussnnTdh  udgfieadidaddalunssiondemndh o sedumidarinin  Tnounds
151u‘lﬂr’hzhsmlu‘lﬂiqqmifzﬂuumi_«iw"lﬂﬁwﬂﬂ 1 ol yuafide 400 Taasi - uond une
runsasieiithdnedfinu 10 wiidAdediddlii  Taemsmouguszuunmhoutne
wzerdelulnsreulnsnioey  Fuiludaddyopagladufindondiinond so 1 du
FygnandasaliiuastunesiaeiGuiiuriiane - wa ( Push Pull Inverter ) FevheniluTnua
raaﬂ‘lau ( Off - Line Mode ) uaziinisuaasnn ( Display ) yunsufiumes lugtiunsmifin
‘ dmduludauthovenlSyaniinudatviisiunanismanes #ldnnmdssdumniiatredy

i



. KITTIPONG JARIYARATPISAN
f TRIN SAOVARA

; MAKIN WONGSAMART

f WATTANA CHAIDAJ

' Asse. Prof VIRIYA PICHETJUMREAN
ADVISOR 1997

apsRaCT

Uninterruptible Power Supply or UPS is designed to supply reserved electrical energy
qur uninterruptable load. Inspite of the failing of system or no power supply from source,
lgad be abie to work continuously. So UPS is a equipment which improve efficiency to load
b}lt it is limited to supply electrical energy which is appropriate with a lower power system.
The UPS in this project is 1¢ power supply , 400 VA rated. It cansupply 10 minutes at
r:ated power. It is controlled by 8 bit microcontroller which generates 50 Hz -square wave as
éwitching 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. Lastly this thesis has experiment of

.UPS processing is in at the finish.
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2.2.1 Uszinnuesysaimin

vemminiiuginsalfid 3 ¥ e 'ﬁ’:ﬁmﬂgﬂ(Source;S) 1A5U ( Drain ; D) AN
(Gate ;G) utiseemiilu 2 szanfle usainuuuANEdu ( Depletion MOSFET ) fSon
fuq 41 Aueanin unswemLIENE LTI ( Enhancement MOSFET ) w38i50n41
sweain udnzdszinmduniweendly 2 uuufe uvuuUA N (N - Channel) uazufuuLa

P (P - Channel) Fauaslddagyl
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Drain (D)
Metal p-type
gate (G)™ substrate
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* Channel
- VG:
Oxide
_source (S).
Basic structure
(a) n-channel depletion-type MOSFET
lo
Metal
4
$ Ao
D p -
n-type
G . substrate b N
. + L ¢
—~ Voo

Basic structure
(b} p-channel depletion-type MOSFET
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PR BP o 2 g
Fadeiunindineu uaziFondwsuniingu P (P - type Substrate) Taoda D uasda s
A4 -~ 1 -~ ) & 0 -
asfuuTnaiinsnszquuis IaItduuSnaaisis@nit N (N - Doped Region ; N)
-~ J ar - : M A’ v o r -~ d' =t -
Uinumiednh N ssaesdiufideduiagfioueniidiulan: (Metal) Tasfiddnoula
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dlannin ( Diclectric )] Swmseduin - weda (V) Tauiluay Sinaseunsdaulu

»
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ifiesnn R, Jfaane
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I oz Vo nasudluiasedwdunsdl Aueaminuuunyunua N

D.
Metal § Ao
Metal (
G p-type +
substrate Voo "
Vas ~ : 7
LS 74 r
Oxide””|
Basic structure - j Symbol

(a) n-channel enhancement-type MOSFET

n-type

substrate

&

Basic structure ) . Symbol

0]

(b) pchannel enhancement-type MOSFET
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dauves I Asussdwnn (V) dlumdmuanudnwazasoidlouvesarin

P

Pinch-off region
Linear _ o/ « J

V
2 0 VGs
n-channel ol p-channel
(a) Depletion-type MOSFET

Vs> Vea3> Vas2>Vge > Vr
' \Z™ )

Vasa

Vr Vas .
lo y 0o
VG:Z
VG:I
0 V‘r - ID
V
n-channel . p-channel . Vos
(b) Enhancement-type MOSFET (c)
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fudnyuzieNiymvsBNsAHNULITIILA N
Tasfiguinuazeniynysduemvinuuuusuia N sfifufuiounsihou 3
uinudAe
1. u3uAneev ( Cutoff Region) Aaduile Vs < Vi
2. uShuRudeernTeunududa (Pinch - off or Saturation Region ) Aaduie
Vis > Vs - V;

-~ 1 -~ i L -~ &' .
3. uSnufidluBudu ( Linear Region ) 1iavuiile v, > Vos~ Vo



- W o e

e TAm e e

E

11

TinafiduSudu 1 wnfoulamudadiues V,, uaziieenn 1, e
T vuz vy, Sewn SueanindelfutnadiduSuduiidmivinenns ouadngs
dmivdueanin  usedwnn (Feussduduym ) enwdhunnnieaudld  uds
veaninasuausiuusIdUINissed A amdnAveminddaindulszinndues

t 4
i Fwenandusmeguinyuzvesusaminyiniy

s - o
[} g PI i)

< - P J A ' 4 o a ° q
nansznuiiiannnhdmeiuinusesdsvesmsnsiniludueanin  ldidou
qndtulunsadadiiiuasgl

V| ) ipul——
0 n t
’ Vs [ "
o= = o e -
Vcsp-——'r— (ia-~"~NY 7 A : =
Vipidobd bl I ,:
0 t
b e 4 e
=] e
td(t:m) 'dlo'n

111 2.8 uemsgUadunssdulumsaladueisadunn

ﬁaﬂammﬁ"wnmﬁm‘mﬁu65»1 v, nanl$lunsdadszganhiimed (nolud
vesdueanin) Iilsdrzduussdussalend (v,) Fa5end1 vamadndlumsde
(Turn - on Delay Time ; t oy ) HOz¥IRA AN () dunmdadszgnnszdy v,
sunsealmdarsauns s (Full Gate Voltage ; Vg, ) #2149 umsvuneaminy
quind¥udu Tasgzl C Uszney

nm“f‘imﬂﬁmaﬂummwilszqinﬂ v, WendaSnufiudesd Sendaanad

o . ] 4 -~
1081un15UA (Tum - off Delay Time ; t, o) HOSYIA WIS (1) Hunafian Fines

‘ Cd o)
Hlunsmolszgnmisnufiudeeduds Vr (81 Ve < v, ueairinezila)

Tasszuaasianhdines o gad1eq uaz 2eesTunonioludwemin  #Asmade
mmhauadada 18dagl



W gn

L L Y

o e =t T ~

e e L T T T —

e o o iy

» W

12

Drain-body /< -

b TR el

Cas depletion
n” layer
R
- < -
Drain

ad —
G o——{ [ |in=nves

el |

’ d .
(e} 0{ o § T'DSlon)
“T |

os

(3)

vps

vcs *vps . 200

(c)

1210 uaeess TumaveausaminTasuaasnis e fa1eq HiReateq



L e TP

B

Ly, S [,
T Mt ———r B o

o

e

Source

13

. Channel . layer

/reslslance / resistance

-Accumulation

" M ./
)

P

\
Source regon
resistance

T A
)

WA 211 wamsdudssasuiidurarusnud Ry YBizupmiminszun

v / Drift region
d D resistance R,
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1IN fx) = a,+ Z(a cosmx + b, sinnx)

n=1

(2.2)

] » [] 9
diefinrenningd Audldnsmilugan -z 80 7 dugud dalu a, = 0 39l

uusiesduiiingm  Aauiu

Q
Il

% J':r f(x)cosnxdx

i [J'_ojc (k) cosmxdx + I k cosnxdx]

U=k k
= ;[—;sin(m)|f,,+n—sin(m6)|3]

M3EN sinmx=0 # x= 0,727

(2.3)

4
dmiunng fe n=1,2,..... Aty

1 = L

—[I S (x)sinmxdx

” -

1 0 z

—[I (—k)sinnxabc+J;ksinnxdx]
w -

1 k = K .
—[—-cosnxl o ——cos(nx)lo]

T n n

k

—[cos0—cos(—n7)— cosnz + cos0]
nr ’

uay COSO =1 AU

— (1= cosnrz - cosnz + 1)
nrx

24
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k 2k
= —(2-2cosnr) = —(1-cosnr)
nr nr

2 v &
4 COSTT = -1, COS27T =1,COS37 = -1 4041 @3UU

-1, n=1357,...
S = 1, n=2468,...
uog
2, n=1357,...
(-cosm) = o pe2468,.
Ay
4k 4k 4k
b= b= 0, b = = b= 0, b=
mEasiu 90 @) ldn
> - o
f@x) = Y b s iia o haanisiand
n=1
4k [ 1 . (»!
f(x) = —|sinx+—sin3x+ —sinSx+..... (2.5)
T 3 5
HauINvRUNBURAAALlugIN 2.13 (b) fie
4k 4k 1
S, = —sinx, S, = ~—|sinx+—sin3x | a4,
n 4 3

& S d o A $ o 4 o L4 - (A o
FavmnnySoidygyugUadudmiouwds  defammenniusnfifiumdundn

(Fundamental) Tagiioy S, = V(@ , k= 7, uay X= @¢ vlddsauns

vy .
v() = —Lsinor (2.6)
b/
4 t 4 v . ] [}
Anfunnaumsil 1 lumsdmuadimsduliadyguginaudimionfiad
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T 3 4 A ? o
ssmiznnilflulnrniaunsafvniouenlunsminldamaansvewsady
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pwinavesluan FusmunsofisreimavguRveessmizuintianil
y P y Ja &
- Tsupsumawmaumuy 2 LooP &lulassvwilsel¥Tibsunnumuuiidiuituguly

- 4
ﬂ']’ﬂﬁﬂu'ﬂﬂ%quzﬂlﬂlﬂﬁ:‘u
MACHINE CYCLE

DELAY : MOV R1#Xl1 (1)
DEL2 : MOV RO#X2 (1)
DEL1 : DJINZRO,DELI (2)
DINZ R1,DEL2 (2)
RET . .5

91ﬂTﬁmnsuxﬂmunnﬂﬂ:ﬁ‘muqm1umsﬁ1mtu $1U2U Machine Cycle Wil
$149U Machine Cycle = 3+R1{ 3 + RO(?) } us (2.7)
< o Aq ¥ w ' v
gasiiez 19y TulnsneuTninmes A¥dygrar Clock miify 12 MHz
o« : A L] : i 9 A
aniuswunsefissihgasit TWi€ldne dis lulasaeulnsmees Mcs-s1 sieaud
v P2 " o '

aannda 12 MEz uat ¥ audfiaond 11.059 MHz meeldgasdadaan
$1U3U Machine Cycle= [ 3+R1 { 3+R0(2)}]X 1.085 us (2.8)

4 4 Y <

g lulassawil luTnsnoulnsames sxlédgygia Clock #1 11.059 MHz

[ : A o 1] A o
auiusldmunsn 28 duauasnalullsunsmibruaat fiseldadavad
Tldu iy asaivin de'l
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195839A15291UAIABT ( Battery Charger )

in3esalszguunines Dugilnsshimihitsalsey i fuuvnaes Tﬂﬂqﬂﬂiﬂf‘ﬁ’ﬂz
nlaoufhnssumadudhy Wthnssuaase dmugisasyuused - larl (Off- Line Ups)
vaigszunfhn s I anmdadddy inSeedmlszyesvinisadssy I funuamedn
du Taolhifinsselifusunedined  uddeszuultihiinandy fuszugaianung

nuameI sz endsnuldfudune sineTuny

] v
ar

»
31 mawdiusunsfuuiames
4l 4 3 ﬂ'l A 1 -
uvmme3filglulasesnuil dusumeeSuvuaria - n3a Fwzvendnyiauncgu
k4
aniandng Taoudalddu 2 wila sl

1. Non spill lead - acid Battery uviuflu 2 wiia'ldun

1. Standard Battery nuniasisiiaiiie 11818 uezs self - discharge ﬁifueg'
fugungl Awaadey Tdedlinsdmlszylmiyeg 4 - 6 dlanievawer  self -
discharge c?aumma‘%‘i‘fmmzﬁm"s"umsh’f'ﬂu'luaha?fuq -

2. Permanent Battery uummé’%‘%ﬁnf:mmsmﬁn‘luﬁqmnQﬁ 20 eeA LY
TAdunamunaeqidey Taglidealinsguadnyuazamnsesalszy I fuuumaes
NN 10 1Aeuuazll self- discharge #1 110991019 lead alloy ¥ilatuey muzdmsuld
Tusuiimsfidoants 21915 1FUGINT WYY Standard Battery

) Recombining sealod lead - acid. |
UnAudaudisuummeTdadseyoudassdy overcharge nsadaanfidiudidalaslas
- aAma CT ° a - 4
waimlfitoutufe B, uar o, mltmudiduvesdidalasladifntu Sufumali
E 4 * » ] » 1 4 )
ﬁ'mﬁn1nmu‘hnauuazﬁuunmm‘?mﬁﬂuﬂmmw"lé' ndninaudiunsdiiaelu

H .’l “a o H 1] -~ Q’ Q'l A t -~
mslfemuumael atudadinsvanuuames o las lideudmindusumield 2 ¥ila
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1. BUAIABIUYY Non - Redpiit RRRALSP] Partially Recombining LUAIABIYilA

1‘iy‘lﬁ9’a'mﬁn;ai"ny1‘1ﬂquaz'lziﬁ'mﬁ’ﬁﬁs overcharge e IMuumAsiAy  lu
nsﬁ'?iqmnqﬁ“h’f'ﬂuqeﬂ'hqmngﬁumﬁ'aumﬂq uimme?"n:tﬁﬂf”ﬁqfﬁflﬁmmﬂ"uqafu &
numaeTeziindafinendaldfrween W luiudnarndalasa luiAdon mduied:
a1 Momaisaldldfmnannanader wwamediuiesTanidn famelumane?
z‘lﬂzﬁﬂﬁvwﬁnvfaﬁﬂ31uﬁ'1uw1umt|‘1m§mnzdwnszuﬁ‘lé’qa maldmsdadlszunuiam
srAuusIRURed winlszadionszuadmlszygeq lunsuidudy uozludud 2 deusadu
t’l'eunﬁmxaammma‘éx‘s‘uq«ﬁuuazﬁmmuquﬂszuﬂiumsﬁﬂﬂszq deuumnedifuszdes
fszduussdunuames lavaanszualiimdetony dielildina overvoltage Lavileanu
electrolyte loss partially recombining  HUAABILVUALA - ﬂ:ﬂﬁﬁwmmmmﬁmﬁu
awwedeiuueyanmisvundila  dulszummsiuueynsoy 1ussdugaas
nszutilesn  daudsalszquuameTunuvundussdudwarnszuage  numaeiLy
i‘fmmmé’ﬂﬂszqunzdwﬂszq WEigungiiaewd 20 §1 50 evusndon Fednduuui
10 - uAARIY ( Nikel - Cadmium )
2. nuAReS I Fully Recombining Tassadendoqfuuuy  Standard
Cylindrical Ni- cad mszdmiuldan standby fimssandvesing o, fia Mafatuie
H, uoz 0, syaudadushain vilfifinasvessidaTas Toilinnng o1gmsuiiueg
Avdmvasmsldowazanmusaden Taowdwmumelud  Samnas  discharge 74

nssaUszgdaulnafluuuy constant voliage , constant current ,pulse charging LALOUY
YuuMsURHse A

DISCHARGE

PbO, + 2H,SO, +Pb " PbSO, + 2H,0 + PbSO,

CHARGE

< o s
3.2 vaniligeslumsaallsey
L myymynngungivesmsdatszy  Tasnsdadszgezlfusmssdunisailsey

4 a L4 -~
mﬁ'aaﬁﬂmmnmwNqmnguTﬂtm15mawuqnmQwemmazumﬁau

{ o & 1 ] o J ' o -
2. nmigadsspade  nafuvameigadmlszyduiuegiuannsnisianioay
kel
anwazmssallszy satquugiidae
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A5 NUAAIAIA N YBWUAABTFIA AL — NIA

12v 4V 43V VA 125v 250V

Inverter input [1-13 22-30 42-56 63-85 [05-140  210-280
voltage range

Numberoflead- 6 12 29 36 60 120
acid cells '

Typical float 225-23  225-23  22.225  22-235  22.235 22,135
voltage /cell®

Typical equalize 2.4 24 233 2.33 233 1.33
voltage /cell

Typical battery 144 28.8 53-54 79-81 132-135  264-270
float voltage

End-of-discharge  1.83 1.83 .75 1.75 1.75 175
cell voltage ‘ | . '

End-of-discharge ~ [1” k. 42 63 105 210

battery voltage

“Applies to direct off-line controlied rectification of 120 V ac (no isolation) where the battery charger
can supply power to the invertzr siage and maintain the charging voltage on the battery at prolunged

low line ac input conditions.

Values shown are for lend-calciam, Sost veltage for lead-antimony is tvpically 2.15 V /ecll,
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Ll - A E—

L
——— o ™ o e B I L LR L A L

* emrw et

adunwlu Mcs-51 aunsafiszuaas lddsgudedn

e R 4244454 25 434 4.4 2 o N 1
ves s LR l
" e i |
I38 RAM PORT 0 POAT 2 e I
I§§:> LATCH LaTeH (;: I
e NS A

T o ﬂ & 1| [Ek=

| Acc POWNTER T |

I AP e |
e e e e |
I WEOHQ®  PORT MO TWeR mm@l

| ‘ ﬁ 74N - Ak l
ﬁjnug@%é(i L:)m |
;%e&n"mﬁg |
"T 2 i l

l

! |

4 Y
IJ! P1O0-P17 PI0-PI7

- * £3C154 and 83C154D only.

11 5.1 uerasudenlaszunsuvesluTnsneuInsanes Mcs-s1
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53 InssadramizsmamimioluyesluInsaeuInsained Mcs-51

TuTnsaeuInsames luaszna MCs-51 yaesezumismizoauseeniiu 2 daufle
53.1 wisanusdmiwiulysunsy (Program memory)
wisnusidmiwiu lsunsuez16iu Tlsunsumununisihauvestn  Mcs-st
Fenauederiimissirdauileg wu AT socsi Tegis 4 ATalud nduraueseslifmize
ﬂ'nmhfhuifagi Wu 8031 mibssawsrdmiwiusunsudiamnsofierinisesn 2 dau
fis mirsanuidmiufuTusunsuneludn (Internal program memory ) azyIsAI
srdmiufiuTsunsauniouend ( External program memory ) Famirsanusdauiiluuesa
#M#uTaseonilide 8 ATalud
532 mhomawidmiududeyn (Data memory )
misnwidaui [fdmmdndeyn lusswinnmihouves Mcss1 ynwese
ﬁnu"mmmi‘i1:7'3141‘1’3g'ﬂzmma?eﬂ'am‘fuag’ﬁnma{umi‘mfuq weneniiMiaoAImT
dmiufudeyadirusadivzusesndu 2 daufle mizenamidmimiudeyanioludn
Feluvedaii ldiuTassouilimisemwsdadey 128 Tud  unzmizsrawsdmiuiy
ﬂegnmauan%ﬂuhﬂﬂufﬁﬁq 8 Alaludilumisonawdr uuy SDRAM & Black up
maluds aunsaiiuléna Program r;lemory a2 Data memory usnRINIMeRINEINY
ludsaunsafiszuisdendly 2 dau'ldsn fo
5321 daufil$ifudeynsialy ( Internal Ram )
5322 dauiléihi3Samed1Famunme ( Special function register )
ummmuﬂmmi0ummi‘iﬁm%"mﬁu%’agnma‘lu%m‘i’mmu?nmmmsnﬁﬁzuaﬁa'14‘(

AU 5.2
FFH FFH
' - fiame il i ETnamensariniy
i Mcsm — e Wlremedoirind |
80H * =T (L] SR AR RS

-~

3 52 uwunmuaasmizsnusidmimdudeyanisluin Mcs-s1
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' o o & o '@ a 1 9 4
MCs-51 nmedazimizsraudrdmimiudeyanalimelusnediies 128 lug

i a‘: ;"3’ v o - v o o v o o A
' ylouds 256 wd  Miituegiuwesvesin  miemwsidmivfudeyanalinolum
- 4 = 1 l a v o a o
fuinu 128 ludusniiFedondt Lower 128 uaslunine 128 ludndsifisiylunuyesi

! a4 <X 1 o d' d'
. ¥oi3onn Upper 128 dwaasluguin 5.2 uasgiin 5.3

3 . FFH

- wigAnus ]
dmimdudayaneludau
filu MCS-51 vrawedirh

Fie |t
ﬁ@'i ..- '>
2] 35 3 Bk

-~ o -

7FH
4
2FH
. _ vinombhen i nliiitessAuia
; MM 16 lusixs = 128
N T E —
FAaweslFemmly Ro-R7 neuii
i 18H [ - : a2
- Fawailfomml) Rro-R7 nguf 3
s 33mnoTtiowihly_Ro-R7 nawit 2
oon L 3mwailiewmly Ro-R7 nguit 4 N

- e e

-

v 13 9
i 314 53 umeamizesmsidmiuiudeyana himeluFwiaasadau

§
|
] ] o o o d 9 n';ll “ - Il J o ° ' J
; mizsanuidmiufudeyans lmeluTnudn 128 luands (Awmis 80H Ju
) ssfidumisedumizenusidmiufudeyamoludwilfithiitmeesnlfouans

° ] J ' [ B [ o .’1 13 3\ ]
(Awmis 808 dulisuiu ) Taeidinsdhdddeyalumizonamswisassdauil Limileu

[

.
! 533 FamaesdmiuiFinnialy

K - @ 3 ° L -

’ MCS-51 9zii3sammes 1fnuia WaddouTlsunsuaansninnlfuldfe SSmaef

t ] s o o -t 3 - 1 o
AB (eglumbzsauirdmiuiudeyamolusnildiduiimaesfonumms udvaniiu
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Seameiildemoi Wi Bigndmmamiilfaulasase ) une3eaaesilfaialy ro-
R7 Feeglumizemamirdmiuiiudeyalanialumeluswuinog 128 ludusn TSmaesd
¥aialy Ro-R7 I MCs-51 idafutanun 4 gy usnznguilszneudanismaei 8
‘¥ (RO-R7) Faildedonmieusunua Fodusnanismaniildautalalu Mcs-51 9o
Honua 32 # unmhevaslas3smaeit 4 g ﬂzgﬂl%’ﬂuxﬁmnzimﬁmwinfu 3
denl¥amidsamedngulandunilelu 4 ndu hl&Taomndanienieiia RsoRS1 Tuisa

wef ¥ umme PSW Awaaslugilii 54

FFH

P IS e
— ey ol —— - — -

-1
N ) [ i wieaNTd iy ]
Timnailiowaniz Psw i Lﬁunaunmu'lud':u,m'(u {
o o7 S £:1 messt vaadiinin 1
c)é\ o \\‘ $ o 6\\‘ \r‘ lon |
2/<Q R/ R
CY|AC| FO |RS1|RSOjOV]| - | P

7FH

2FH

N vinumiga i Waedu e

» 7 el w16 lufixs = 128 O
man'l'?fﬁﬂmmnnuu 20H :

Amaaflfommll RO-R7 nfuit 4
Tmaildommaly Ro-R7 ntiu?i 3
sameildemmily Ro-R7 nq‘uﬁr 2
| S3mmaflfenial Ro-R7 nguA 1

3
man‘liwamamnuu 18H 3
_taanliﬂmﬂamnuu 10H -
- -t « : o 3
ianl¥33cnaTnauit 08H=
—— ] §
00H

3141 5.4 uamennfenivames 1¥uniall Ro - R7 udazngy

53.4 S3mmes IFnumne
1ies91n MCs-51 gnesnuuy BdmivauguszuyTasmn: Johldinawaunse

o v 4 . o a da 4 & o
wHzdmmgesn s ulludsserdorsesnioluswiimutusintu Ins I nwawe el
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msmuunsouvessesmely luTasaeuTnsaineseznssiving Sine i s muanth
ABudr Kufumndeansld Mcss1 WildszAnnm sufudemmsmumiiinsienwes
Fomefflfounmaisnsdaliozdon  Tommedfmusmsiimunszeglumissaawin
dmiufudoyaneludnuinaildiiuitmees frudusmednsndnieardoadely
luadedi 5.5
ludauveamizenawirdmiuiuTlsunsuuazmissnausdmsudvdoyaiieg
meouendn szilumizenudidaufiegniousndn Mcs-s1 FefddesRadatimes Tulnse
auillfueiadidegivestiinia  Fimiemamdrtensadhyldiidndlflumsiy

Tusunsuuazdauilfifudeyafie SDORAM i Black up moluga

5.4 Inseadravesnesa MCS-51

MCS-51 yjnuessziinesavuta 8 fiadau 4 weda (POPLP2P3) Tasawise
Amualiuuunefavumwuin s a 4 wein viessldiunesavuial da'ldas 32
14 &' 4’ o ° Y o g/ -~ o “ o o
woin i ldtnnsadmualdudazneialfoududuwnmiefaniseninaneda (1o )
(] 1 & v L) J 1 J 2w dv
st landanilsldecedass sisaziBoaveanesnudaz nesaiinel
»

-%03A 0 (1132-39) fisianua 8 1a fie ( P0.0-P0.7) Hlassarduiuniyy Open Drain
Bi-directional 1%911'14 2 wiiifle dausamsa ( Address ) azA @ ( Data ) o801 1¥niiae
mmsimousndieimstsudeynnslumissaamdnisuenniugudasn Contol gzui

1 J - o
5.5 dszneuuardnmiinitsifedlunefadunmneimuaeniyanesa fideantshiiem

t 4
huBunnmeindesdeasin 1 lilfawesail sefinald Ques D-FF ilu 0 MlF FET dadre

"oz OFF dgygudldsmudunmneia PIN ( weim Pox PIN ) 9x1¥dgyau READ

LATCH 1iegnnssduil Tri-state Buffer A3UU
-wesn 1 (u11-8) vianua 8 dafle (PLO-P17) Hlnseadundie wein o udezls

A umunisluyasmuny (Intémal pull up Register ) FInseadndsgidi 5.6
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ADDR/DATA  CONTROL

H Vce
| READ C
: LATCH ,Jﬂ
; N
% PO.X
PIN
» SET
‘ INT.BUS D" Q :
WRITE - POX s | |
LATCH— /;CMUX | E l
TO @ i
LATCH ] |
[ ~ Y
: AL
‘ READ ' SR )
: PIN
,: A.Port 0 Bit
!

71 5.5 uanslassadra wesa o

READ ;

: \Y/
; LATCH : ! P
i INTERNAL
INT.BUS DE o] BWLLA”
t VT ;
‘ WRITE P1.X : P1.X
. LATCH s PIN
13 TO . CLR _Q— ~_§—{
= LATCH ] i
i :

1
i READ N

i PIN
; ' B.Port 1'Bit

314 5.6 Tassadraveamneia 1

»
- wesm 2 (v121-28) fanua 8 fia Asw1 ( P2.0-P2.7) i Taseadundioneda o
k4
. Taoll FET Mrandudgadaudmuuldaamdrumuyaswiny ( internal PullUP) weiail

. 2miifle aunsodluwedadmivdwenauasa 8 fiauu (aAs-a15) uaziluduwn

. =



e P

40

o & -~ 4 * -~ 4 o
weianTeieninameialdanmiall e ldonududunmweda dssdsasin <1~ uriineia

¥ . ]
finewweaduld FET egluanniz OFF dwaaslugiii 5.7

ADDR/DATA CONTROL
] Vee

READ : INTERNAL
LATCH ' PULL-UP~

P2.X,
PIN ¢

INT.BUS
WRITE

TO
LATCH

READ .
PIN 5

C.Port 2 Bit

3141 '5.7 Tnseadraves weia 2

2

- N05A 3 (¥110-17) fivianua 8 9a Asvr (P3.0-3.7) iilassadindoneda 1 wein
ﬁ’ﬁ1nﬁ1ﬁﬁalﬂu§uwwwa§m?am1ﬁunwafn Sz linefaidhidunmesailiduesn
A «17 indinedatineuunsdnuiiiiniide ddganualuguesnin uazsudygeudn
T Fygnusenifedl uarawnsouandlnsadieameda 3 IRzl 5.8

P3.0/RXD ( Serial input port) iilunfil#5udeyauuveynsy

P3.1/RXD ( Serial output port ) ifuw it 1$dedoyaunueynsu

P3.2/INTO ( External interrupt ) 1§5udgygnaiasinazanmonen

p3.3/INT_l ( External interrupt) 193 udyygavasanazainaiouen

P3.4/TO0 (Timer/Counter 0 External input) ‘llﬁ’ﬂﬁ'ﬂgﬂlqlﬂll‘l’l"l"lﬂﬁ’ﬂ'ls‘l%i Timer/Counter
o iimiiiusniow lsfavesdayga To wiedgauRnn 1a
‘ P3.5/T1 ( Timer/Counter 1 External input ) ¥15udeyeaud 118 Timer/Counter 1 #43i
asiaumilousudiu To
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—_ . -
P3.6/ WR ( External Data Memory Write Strope ) ﬂTﬁﬂJﬂlu‘lﬂlﬂ’J‘UﬂSJﬂTTL‘Tmu‘Uﬂyﬁ‘lﬂ
v Samissanwiidmiuiudeyaniouen sos1

[ P3.7/RD ( External Data Memory Read Strope ) m1ﬁmm¢1mmuqumiﬁhu%qamn

wiagmusidmiuiudeyanouen

ALTERNATE

ouTPUT
‘ FUNCTION
READ
LATCH j l Vee
. { INTERNAL
f | PULL-UP*
! INT.BUS D0 —
WRITE N
* 10 an O Q_{
' tartes | T
13 L g I
READ ™o =
’ PIN ALTERNATE
INPUT
FUNCTION
H
A o
' 31U 5.8 Tassadrvesnesia 3

: - ALE (11 30 ) hundealasudmiul$lunsuoadusamsaludd ( A0-a7 ) fids
: '98M31910 ( WeFh 0) ﬁ'muﬂpnu":ﬁzuéﬂﬁﬂnnq 2 afelu 1 s lda (1/16 ussdgygs
" i)
- PSEN (1 29) Shuniil¥dsalasudmivemdeyann Program memory H1GUBN
| misgmamsnazion ROM EPROM ) daygmiiiordesnnin 2 afsluusinzuuyin lwifud
xﬁ'ni'flumia'm Internal Program Memory 'n:'lﬁﬁﬁ"agapmaanﬁmff
' - EA (v130) &rileuastn «o” vﬁ'ﬁmﬁ%ﬁgﬁzﬁuﬁwmn Program Memory 018
+ wendniniu uadileudasantn « 1~ Sezsrulsunsunieludn
- RST (w1 9) dhivBindfgeSiinididedetlounsdn «1 » Whilvihued
oo 2 uuy¥u'luda
- XTALK1 (¥119) 1¥denTaneaniouen laodludunynidrigrcesseadiames

- XTALK 2 (1 18) 1¥denTaneansusnlasihusninavesisesesadiomes

LU e o
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Am ‘qy . . .
5.5 33m883 1991umW1w( Special Function Register )

i iv o 4
Special Function Register (SFR) (HuFdamaninldamlumhiidngiu deussyl3lu

1 4
iaoaams1n101u (Internal Ram ) AMMUS ( 80h-FFh) n13AndenuIdmassilu (SFR) i

[ - E 4 9
Foaldidudrdedoyauuumaensaniniu ( Direct Addressing Mode ) auvudiauaz luaf 14

[] ¥ v
wudidsams Tnaa f1 21 $59a0aes A seiousidal@asil MOV A #21h nuviitiunis@ou

foyndTimmeiazlud fezdoudeyadiiiacia swdedldfdufoatumainia wu

SETB OECh 1¥Wila DO v8439aiaes A

CLR OFOh 1¥WilaDl ¥8333maAns A

swazBsanvfudumisiiading vesstameilaq Awaas1dluaisnd 5.1

@15 199 5.1 n1ssaandumusliauesssames 1§numme

Dircct
Byte
Address Bit Address
(MSB) (LSB)

WDT T32 $ERR izC P3HZ P2HZ  PIHZ ALF
OF8H FF FE D FC FB FA F9 F8
OFQH F7 F6 FS F4 F3 F2 Fl FO
0EOH E7 E6 E5 E4 " E3 E2 El EO

CY AC FO RS1 RSO ov F1 P
0DOH D7 Dé Ds D4 D3 D2 D1 Do
0CDH Not Bit Addressable
0CCH Not Bit Addressable
0Cs8lHl Not Bit Addressable
0CAH Not Bit Addressable

TF2 EXF2 RCLK ~ TCLK EXEN2 TR2 C/T2 OPIRL2
0C8H CF CE CcD CcC CB CA C9 C8

PCT PT2 PS PTIL PX1 1o X0
0B3H I BF J - I BD I BC B8 BA B9 B8

Special
Function
Register

Symbol

IOCON

ACC

PSW

TH2

TL2

RCAP2H

RCAP2L

T2CON



- o vy oo

"

e

o

0BOH

0ASH

0AOH

99H

98H

90H
8DH
8CH
8BH
3AH
89H

838H
87H

83H
82H
81H
80H

43

B7 B6 Bs B4 B3 B2 B1 B0
EA ET2 ES ETI EXt ETO EX0
AF - AD AC AB AA A9 A8
A7 A6 A3 A4 A3 A2 Al A0
Not Bit Addressable
SMO SMI SM2 REN B8 RB8 TI Rl
9F 9E 9D 9C 98 9A 99 98
97 96 95 94 493 92 9 I- 90
Not Bit Addressable
Not Bit Addressable
Not Bit Addressable
Not Bit Addressable
Not Bit Addressable
TFi TRI TFO TRO IE1 IT1 1E0 IT0
8F 8E 8D 4C 8B 8A 89 88
' Not Bit Addressable
Not Bit Addressable.
Not Bit Addressable
Not Bit Addressable
87 86 85 84 83 82 81 80

2.3.1 718115168?1‘\15!\1?‘1].’(1’1%85(1%\1"lulﬁ'l'ﬂz

- Accumulator ( ACC ) 8@ 1113 OEOh

i lunsmdouiiodeya

- B Register (B) 8gNA WM OFOh

P2

SBUF

SCON

Pl

THI
THO
TL1
TLO

TMOD

TCON

PCON

DPH
DPL
sp
PO

-~ -~ - @ 1
dhidimmed 8 dafildszusomamendamand wu van au ga w3 niedhuus

- - A4 o @ o -~ '
fhifdmaes 8 dailflusrdiquuasmissauduisames A 15U MUL AB DIV AB
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-Program Status Word aﬂ'ﬁn’mmia 0DOh
fhissmaes 8 Daudldanudivs 70a Taedt 5 G dunslanduazsn 2 fadufiaden
TemasiuvsAiiend 4 uuad Ae uued 03 twes
- Stack Pointer ( SP) 8gfidum1is 081k
dhifsmmeuinn 8 Safl§Taumicvesaunmnadeiigniismilesiifuiiy o7n iud
uamzrﬁnifu 1 1o dievids CALL ,PUSH uazezanauiisifid RET,RETL,POP 124
- Data pointer Register 8§idUM1ia 82 102 83h
hidsmaesuun 16 Sauvudlu 8 fadwuay 8 Savuu f¥ed1 DPL uoz DPH gl
fumis $2b oz 83h awdwy lszTamflunsSueamsavesmizom s sy MOVX
A@DPTR , IMP @A+DPTR tiludu
- Port (0-3) egfidniis 80h,90k,0A0,0B0h Awddy s1vaziBoadeldefmmnudy lu

fave 5.4

?
1at o 1]

- Serial Data Buffer ( SBUF ) 8gNAMY U3 95h
fhiFtmasiuna 8 Saiilfitudeyalineu udaimsdsdeyaeynsusen iniedu
thimesitudeyalusasiisudeyadun sBUF fieg 2 fafe dasuuay dadwensndu sy
dedeyneynsudl 4 Tnuadaeiy uafilflulasserndies 19 Tnun 1 feazl@nande lwiade
l5.6.4
- Interrupt Priority Register (IP)aﬂ‘?;ﬁnmu'q 0BSh

ﬂ A 4 o w o - s o kA A o d’
{ uiﬂﬁlﬂﬂﬁﬂﬁﬂﬂﬂﬁ'lﬁﬂﬂ’nllﬁ'l YUDINTTDUIRBITHA ¥IUTTVALIBUAAIU

PCT X PT2 PS PT1 PX1 PTO PX0

fieiuienawmineluudasialu P
PT2: 0 Timer2 ddwumimdifgdga
1 Timer2 Uddunnudiagega
PS : 0 wai’néammqnwﬁﬁﬁummmﬁ'ﬂﬁ1qﬂ

1 wefafemsoynsulidduarmdiiggega

o @

PT1: 0  Timer 1 idAunnudfgdga

o«

1 Timer 1 id1dun2mdAygeqa

o o

PTO : 0  Timer0 ¥dAunImdAgdIga
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1 Timer 0 itwunddfiggaga

PX0 : 0 Bwaedsnanmouenyila o fidusiudifgdiga

1 Sumeisnaniouenyila 0 fidwuniwdiiygege

- Enterrupt Enable Register (IE) atjﬁﬁmmia 0AS8h
dhistanesnlFdmualivimie livi8umessng ( Enable wie Disable ) Taviisu
S o v g v 9/ 9 ' 9 - oo d 9 [
WeFiNA 910 6 unds 5 nawmes u Hidesns It nefaeynsuiinsdumesiwd lAfdeudn

3 [ 4
1 ES ( 1ia D4 U IE ) dauddail SETB ES wFeavviw hildwesaeynssinsdunesing

y
o

Adeelddids CLR ES swwavidoniinel

- s vl e e T
-

EA X ET2 ES ET1 EX1 ETO EX0

N T N

W e

T v e

AuMINvesdggAnyal

E = ‘Enable 138 External
T = Timer
0,1,2 = Channel 0, Channel 1, Channel 2

fiesusanuninalundasialy B
EA : 0 ssfluhudueesind miaundemaunda
1 soufilinisdumeding wanuald
ET2 : 0 WSwAssiNAIN Timer2
1 veulidumeIINAeIN Timer 2
ES : 0 Wwdwaeiindninnesaeynsy
1 seulddwmeiindoinnesaeynsy
ETI : 0 Wswnessnden Timer1
1 sonliiBuimeisnA9In Timer1
EXI : 0 Wwdwaeiindnn dygnanouensiad 1
1 seulhivumeiindnndyg uniouenyiiaf 1
ETO : 0 WndwABTINASIN Timer 0
1 voulidumessnAvIn Timer 0

EX1 : 0 ¥hwdumeiimdnndgyeaniousnyiia o

[y

soulhdumeiindnndyguameousnyiiaf o
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- Timer/Counter Mode Control Register ( TMOD ) 8gHAMM 1 89h

Ml a3

- ; . 4 P f
Whistmasinldden Inuanisiududen ldvianun 4 Tnua Taodendida Mo uas

uiia Gate Wufiai1fifonn1samin Timer/Counter TasaaugusuAy TRx 1u TCON

4

daudia C/T 141890 Timer 139 Counter 510AZIDIATINII
GATE C/T M1 M2 GATE C/IT M1 M2
Ml wenTnualunisviu
M2 wenlnualunisiam

GATE : ifelia TRx ( lu TCON )uar fin GATEx (lu TMOD)

A' o -3 g
AU Timer 0 ¥58 Counter 12153 ¥ 1ufdeile

1) iiev1INTO ni® INT1 ( ¥112uaz 13) gnileudas High

2) dielddudmila GATE lu TCON ufa

- §udn TRx 92 19Y Timer 39 Counter 153119 TU
- §1519n TRx 929111 Timer 30 Counter Wivinaiu
C/T

14
i

UalRenn13IN19IUY8S Timer 138 Counter Jauidon lanail
- 81 o = o Wlumsi@enInu@ Timer
-t or=1 sflumsidenInus Counter

P
- nIemg - x= 0 139 1

- Timer / Counter Control Register ( TCON ) 8g#ifi ui¥1i 88h

HhisTmaeinl¥naugud Timer/ Counter GaniuTaumdniida TRx ( TRO n¥e TR1 ¥y

i & - P
189) dnmiiinilaluaasranisiialenss Masves Timer/ Counter 1ABISUAAIRTA TFx

v o I & S o
(TFO %38 TF1 w09 ) Sanhiinilsfde uaasaauziafaswaesinduinnouen Taouaas

- -~ - 9/ P Y A - | as - dor &t . a
nia IE0 n39 1E1 HUMANIYAD VAABNAYYIUIUIADTINATIINCID WY Trig NUYDVVIAN

-~ . P ar 4 - - o
H39 Trig NITAUFUITIWATIDUAUAIU

Y
<

TF1

TR1 TFO TRO

IEO IT1

IEO ITO
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TF1  :  JesasnsifalenesTiaues Timerl sudvide Timer1 fia
TeneiTWad uazezgrindssioutiediiy Homsihon i TusunmuuSnrsdumeind
TR1 :  1ieRJURUAITITLYeN Timerl AugueInTilsunsy
- #ufu 1 Timerl Suvhatude
- dullu 0 Timerl wgants e
unsdiil #oq iimiln GATE Tu TMOD dou)

TF0 : dauaasnafalenssTafves Timerd sxgmidmils Timero ifin
L ] [ &
Tersei Ilad wuideadu TFI1

TRO : (¥WReIUAY TR1 ualFAIuaY Timer0
El :  fausasdygnasueesindnnmousamneay 1 delidyaiu
Swmeiiwaduniivg INT1 uazezgindedieslaodids RETI flegludanTusunsuuSassy
1 4
e i At
- oA ') - do dada b 4
IT1 : dedendszinnmsassdsudagnuduae s nanmatudivl INTI
- dullu 1 evasasaeunmiAoudagnann 1 dlu o ivi T
- fullu 0 sravisaeuszAUgUivesFygIa fiv1 INTI
denasdung :
T VRN Timer / Counter %38 Type
R MW RUN
F D Flag
E MDY External
- P} o o t
1,0 ¥U0DY  Channel 1439 Channel 0 U1sTisr1¥d137 x 19U TRx

L4
1ay o [}

- Power Control Register (PCON ) IYNAUINUL 87h
ihiifaneifldmununinlsendandaaniiinginm 2 Tuua Ao Ideal mode uaz

Power down mode Unzda 141 Baud Rate iWu1 w1 vTe 2 11 Inedndida sMoD

-

SMODE HPD RPD - GF1 GFO0 PD IDL

0—‘
D
c2
=2
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SMOD =0 #3132 Baud Rate tifodsdoynoynsulnun 12,3 sviful mih

SMOD=1 #2332 Baud Rate ilodadoyneynsuTnua 1,2,3 ezl 2 191 ( Double
Baud Rate )

GF1 ung GFO A Fouia

PD ( Power Down Mode ) tilegnidmidlu « 1~ szidhg Tuuadisiui

y
o

IDL (Idle Mode ) diognidmiflu « 1~ sz Tnuaitiug

- Serial Port Control Register ( SCON ) agfidmmais 98h
idenTnuammiau (1denld 4 Tuua ) Bond sM1,5Mo dau sm2 19ifennrsvia
WYY Processor 1ABINT8 Ma10 Processor i REN 1$maugulsumie hisudeyadtun da
TB8 Aedeyniinii 9 fidween’yl o RBS Adedeyadiai o Asudnnld qevhode T1 uas
RI fifie Transmit interrupt Flag 482 Receive Interrupt Flag ANA1AY TI ﬂzgm@fmu‘}eéuqﬂ
nsdedeyasenty 1 1ud uay R1 sxdmideduqanisiudeyntun 1 Tud
A

5.6 M3 1FIUNDIABUNTY

5.6.1 mydemsdayauuusynsy

5 s L3 1 o \J -~ é
nrdeasdeyauvveynsubunisiuniedideyaludnyaznguuesinninasnits
v L d 3 t4 [
adsdduies wduge nisfemsuvuiiseifeunndnnnmsfeasuuuvuiiuedi
H L 9 o o J
wndiesnindeyaiimsToutonmisuiuSallnawsuiudedld sunwdudygrauznniy
v 3 i 4 "
ainnuiiaveddeyadis  luvasiinsdesmunueynsniudesnndudygrafiseass
- " v & ] < Yo g . o o
niemuduniniy  AniuntsfemanuuvumSalimnsmilumsdeas fuginainiouen
-3 .’ \ Tty 1
duszeznelnag mszesilddundesm 1 oundy
5.62 anmiFilunsfemsdeyauneynsy
xﬂmmnmséamnmnaqmmflums‘:”uunz'cr'«’fagn"luﬁ'num:nq'wmﬁm’fega ( Bit
¥ v
Stream ) AMiuTeResiinamaulslunfinsanduiessasaaund lunsfunezdebama

J ﬂ o @ o s ar ] ° ~ 9/ P 1] - -y
i dludduuse Tasa hiinezssyfulumizsvesimaudavesdeyamelunitomiedui

i 4 1 4
Fond Saswea amsunsagnuvaiil 18un 4800,9600,19200 uea doyans 8 dall wind

1 o ' J -~ < ¢ 1 ar
gndveenidaodast 9600 veaszldalunsdleyanilsdadidwiiy 19600 uie 104

} 4
TuTns3ufi @) uaznalumsdedeyaria 8 dassiiduiniu (sx104) nie 832 W lnsuril
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5.6.3 ﬂ.]ll‘l.l‘l]‘lﬂ’]\‘iﬂ'li'cf\i‘\,l’ﬂllﬁﬂuﬂﬁl

asfeaeynuy  exdilania exl¥nmuasfoyauuy vumldifueynsuuds
- -~ v Y t 9 a é !
maandauesnsan ldunsdedeyasSed 1dun
1) Daudu ( Start Bit)
taguduiimimdmivandwenlinnuisuminesuduiouiadeyn  aw
UndAudanwesdinGudusziiuseduvesasing
2) fauaasnnzaamihuauguiemud (Parity Bit)
Y H 3 Y =] \ < ﬂd’l
Tatilimhiiemsassaeunugndesvestoyalania lindondr Sawda uay
o ' £ ’ ~, ’J t s a N -~ { A o
st hldevholiadeyn dwesdatiuegiusnaudwesdafiilu 1 Feeuiiuldaodnas
E 4 E K ]
fi® W13A¢] ( Even Parity ) %30 W13@f ( Odd Parity) MsirusTuINAadeiu lasszyde 1§
Adyn; ] o H . ~ o < :id v ﬂ ﬂ ° [
wian nedmdssideyafiszdunfiomamt snauveddaniisuiu 1 huavsnaug
(] ] -~ Adv -] ' ' o - 4'4 v ﬁ ﬁ o a
sfuda swesiiawiiassdidudiu o uamndvmawvesiadfaniy 1 duevdnoud swes

- Alﬂyd 1 -~ o ﬂ ° o da s ﬂ 9/
mmmnﬁzumnﬂu 1 mswmsmmné’msm UNTATIVABUIIUIULANUA LU 1 vaveln

v 4 k4 » 3 y
- WldFmniesanisiania dfsuduevinouguassideyaitsudunigndes usmn

hidhuavinnugurasiufanisiananvesdeyaiu fudu

3) fiagaio ( Stop Bit)

ﬁﬁqm’hmﬂuﬁﬂﬁxﬁm‘}’mﬁaszqﬁwaumﬁﬂwﬁ’uqﬂmnduﬁwﬁagnﬁﬁqﬁﬁwﬁ’

annsellsunsudalafe 1 9a, 1 1/2 Ia w3e 2 Oa ﬁnfuniti‘wmmidaﬂaqn 8 ia mn
deyngndsenhildasdnsuia 2400 vefa nmlasranlunsdedeyanityludezdsuaauiiv
(12x104 ) us W38 1.248 ms

5.6.4 M3dafeyasynsuve MCS-51

nefmoynsuves Mcs-s1 dilassadrummhonlwaniidont fagmdnd ( Ful -
Duplex ) suiilumsfuuaznndedoyauuueynsn®lunadessy  Taomedasesvesia
e (Transmitter) sznevudasfeynsenlilfmwesneynsumendan a TXD ( weda P3.1)
FIUNVINRANAITY (Receiver) Uszneuday SBUF iwuideasu dyanadeyaeynsy sy
Wnmandygne RXD (wein 3.0)

weimeynauves MCS-s1 aunsavnamTisunsyldnareTnuadasiulasdeniica

J A -~ o n‘l’ - o y
. SMO uaz SM1 eegluiimaeiaugu SCON msviau s 4 Tnua veanaiasynsuliAail

Tnua 0 : ludedeyn 8 fia Taomsdeszifeusendinziia Tasdeiia Do sen'ly
ABUN1wY RXD uoxLifin1sds Start Bitudesds Shift clock %1991 TXD 25 1.5 00
993 CPU CLOCK
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Trua1 : W¥dmiumsiFendesynsuiuy UART (Universal Asnchronous Receiver
/ Transmitter ) Taodauny 10 fin foyn 8 i 1 Start Bituas 1 Stop Bit uozamsodiszn/dou
mlnedasmaunalumsdedoynld Tastuegfudia sMOD Tu PCON uazdanTenesTriad
Y89 Timerl

Tnua 2 MdmivmsiFendesynsuuyy UART Taonislénqudeyouvy 11 fa

unzdmuasasinauda luntsdeleyaniiu 1/32 uag 1/64 v8a cPU cLOCK TasTilsunsad
iim SMOD 1u PCON

Tnua 3 : Wamivmadoudesynsuuuy UART Taonisldndudeyauuy 11 Ta
uazmmsmﬂﬁuuuﬂmﬁmmamﬁﬂunﬁﬁ'e"\’:'aya‘lé' Tasmaunudidla  SMOD uazdas
TeeiToadwes Timerl uenowiilnu 2 une 3 Fedinnduiumsdomuunil  Tao
ansorianlfssTomflunsdemsdoyn  wuufiiulas Iusrmwesnaod s
ﬁ’u‘lﬁ"ﬁﬁﬁf}ﬂﬁoﬂ’h Multi Processor Mode

Multiprocessor Mode : TuTnuaiiisiey 14 Tns Tulsiwmand 1 #2 dmduihy Master

uaz8n 0- 256 Wit Slave imaeiflFnavnumssudedeyneynsy danoaziBuadaglil 5.9

SMO SM1 SM2 REN TB8 RBS8 TI RI

U0 5.9 uaAssvazidealy SCON

SMO , SM1 fiadenInuanisyingiu

SM1 sM2 | Tuua MINNIY

0 0 0 [ vanuilu Shift register SasuTalumssuuiodedeyani
i 1/12 vesnawidesadaiminey

0 1 1 8 bit UART SasuFalunsfunfedidayadmunedld

1 0 2 9 bit UART dasusalunisiunededoyn = 1732 nie
164 veamanigesadammed Jusufia sMoD Tu PCON
g Wand 52

1 1 3 9 bit UART 8asuialumsSuunsdedeya dimuaieeld
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SM2  Uaidennsiieuuuy
1 : @8N Multiprocessor Mode 1¥1anuTnua 2,3
0 : ii8n Single Processors Mode 191&fumnTnua

9 o

(derfenmsvieniudeyouny Muli Processors Mode udaiiledeyaiindi o fisu'ld
finuthu 1 RI szdnviui)
REN  dafinaugulfsunielisudeyn
1 1¥5udeyald
0 : wwiudeya
TBS  (Transmitbit D8 ) Yoyadiafi 9 fivzdeeenluluTnua 23 1ldluda T8s
RB8  (Receive bitD8) foyatiatio #suthunssufvludad doyadadio fdesm

Tu B8 medudeiues ( Yoyadiah 9 Aes1lu TBS uas RBS 1wes)

- A A’ ' g (4
I fia 1 vzifly 1 lefugamsdadeyn 1 ud
RI fia R 9y 1 diefudoynade 1 ud ( ia RLTI fifouTasunsuezdes
a J
1ndys109)

5.6.5 midumesindusweindeaiseyns

ilesvinmsdenfonsSudoyauuueynsuesdaiinzlud  Mcs-s1 S018fmualia
wiouvidnaonuziisasanegluitames SCON 1w uin TI Sesdaui 1 edayaldin
mdeeenTunmouenimieduuda uazilin R sefieuiiu 1 el 15 udeyarmadhin
manesaoynsy wiudaudeuddn RL 11 ineuilu 1 o lYidan1ssuee i ey &
ﬁ”unw‘luTﬂmnw%’w?aﬁﬁagmzé’mv‘hmwnweumnﬂnnz‘\namﬂ%ﬂmdﬁi’mn’1ﬁ’lu
mssudeyaniededoyn

567 nszuaumssuuazdedeyasynsaues MCS-51

msdedeyassnmanesaoynTIves MCS-51 vzz?m’ufumunﬁ’mﬂeﬁmn‘ﬁuua’faya
aslu SBUF %gnif sgnifleuiiosdin uardedygnueenneusnlassaTuide doya
mairil 18dasen hinsudaundaezintieweatda Tt Wity 1 Weudslimswiwasd SBUF
11 ungwieniierdedoynludde uda lunsdiilfidoudoynlminaluzdomes sBUF Tag
liseldundn 11 fidullu 1 Aeuseiinahlddeyadidesenluiidianain’ld

dmiumsfudeyaninmefaeynsuszRessudulnodmunsmemdedl REN (Receiver
Enable )fdifuilu 1 Aeu ua”qmmfuxﬂ"bﬁﬂayanwueﬂqum’hmﬁ’a MCs-51 finzdinsu
AT unzu‘jaﬁﬁqn'ﬁwgmz‘{awﬂm11?811%’90116’1%’9@1%11%;}nﬁ'wmnﬁu‘lﬁ'ﬁ'ﬁﬁﬁma{ SBUF

o 4 a ‘ﬂ d o A - e
unzuﬂﬁﬂRI ASTUAULU 1 ( ‘gﬂl‘!f'ﬂ) VAN UHUNTIUUNANTITOUIADTTHRYU
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5.6.8 wesafiaaiseynsulnum 0

maiveanesaeynsy ( Trua 0.) Sumsiuunrdedoyneynsusau 8 falag
¥ifinsdoyenu RxD minfu (nildou 2 wihilddaazsudeyn ) daundygnu TXD
11:11i"lﬂwxﬁmi‘lumﬁmg1mmﬁ'ﬂ1‘lun1s“lﬁ€qmznmﬁ"auﬁ'agaﬁmmnﬁ"auﬁmwuaﬂ
dmfusanidazgnimuandilfiian 112 vesmsuidesndanme  mmhauveanesade
misdeyaluTuum 0 sx'luifidncuduvesdoyn (Startbit)unzﬁm?”uqmae'ﬁ'aga (Stop bit )

mzdamzmiunazdsfeyaszgnimuanindaygna Shift clock uda

faiy ARNHIMTY RXD

anaaaaan
@wﬂﬂﬂﬂﬂﬂﬂﬂ

ﬁ’mcu‘:mﬂ'mﬂuwm-n'mu tofoyalulnum o domum Txo 4

v
<t o

17 5.10 srmsdeyeisuuazdalunshauvemesateaiseynsuluTnua o

5.6.9 nesafeaiseunsy Inya 1

msinululnua 1 ﬁ'lun1s§aﬁ1sﬂaqaeqﬂsui1uau 10 On Uszneudiedadudu
1 i fiadoynadnou 8 da unziiagaiedn 1 fa duaaslugyd 03 Tnedeyavzgndisen
"M TXD saziudwmnndyegia RXD ludiuvedeyn 8 daft IdTundesinisdeesn
willubadudusduusn daumaethesusves stop bit srdudmndaiylflu rRes melud
Smaes scoN  dmiusanmaundalunisdedoynvesTun 1 Tumsadmuadenldan
Timer 1 é?»:‘lulﬂss‘muﬁyﬁlzxﬁ‘en‘lﬂnnaf‘f‘lums%’wmquﬂaqaxwﬂzh'luinuﬁffmu1m°7i11:

o L » L] J y L ] H o '3 Qr
WudasuFilunisda I8 IuTassnuiissdaninamnds 9600 Maawazmsvieusuaasly
37 5.1
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o0 ) Sas

o ST cal f

P =1 it B (o

e 2 | A 1 1 [ X X s

“x0 \ e YT D L I ¢ TS 7D G4 105 G [ e § Tllmﬂ

3

oo 1 i 3 I

18 RESET F

L DXX g X \ A A L A A A A A 'l

L s, Y > e e s TS
eCEVe ST ITUEY L e s e e e m. m_ e_ w1

fad . A A = 3 k. AN L A \ 2

N I

U511 Aensvieululvua 1

dvldnanudain nsdedeyaeynsuluTuun 1 amnsofiseniAounasnands 4T
M3l Timerl Yhwmhfidudduiiedasmsdefoyn unclfuninfimasinnaTorneyTnag

¥04 Timer 1 1A T1l5unsu Timer 1 9 muluTnua 2 8- bit automatic reload

) (2)SMOD .
1400 1U9A = T * oaslenes IMadues Timerl  (5.1)
SMOD
o 2 f osc

- o
HIBANUNOATILDA

]

(32 © 12x(256—THI) (52)

Tao sMoD Wiudesdiameluidmasy PCoN (Hnuiluouie 1) smeluisa
J v o *
wof THI & 1difudrdmsy Tnand?
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o

a132eh 5.2 ArndesTwaad1lylu THI

TIMERI
BAUD RATE Fosc SMOD
C./T MODE | Reload Value
(MODEO)Max : IMHz | 12 MHz | X X | X X
(MODE2)Max:375kHz | 12 MHz 1 X | x X
(MODE 2)Min :187.5kHz | 12 MHz 0 X | x X
MODE1,3 : 625 kHz | 12 MHZ 1 0 2 FFH
19.2 kHz | 11.059 MHz 1 0 2 FDH
9.6 kHz | 11.059 MHz 0 0 2 FDH
4.8 kHz | 11.059 MHz 0 0 2 FAH
2.4 kHz | 11.059 MHz 0 0 2 F4H
12 kHz | 11.05MHz | 0 gLt ESH
137.5 kHz | 11.059 MHz 0 0 2 1DH
110 kHz | 6 MHz 0 0 2 72H
110 kHz | 12 MHZ 0 0 1 FEEBH

5.6.10 nesnfsmsoynsyInua 2

msvhenudian wientvinlna 2 ﬂzzﬁumss”uuasth'ﬁ’ﬂym?qaz 11 fia doya
xgnadveenmousnrIUM TXD uaziuiumien RXD doyofisunardeis 11 Oa
sznevdoiiaGuduvesdoyn 14im @il o e ) fadeya 8 in Gunededindiga
Aeu) mué’wum 9 (Wenniindeyadiagaig ) wﬂumwmmmmnuﬁlnumxi‘luﬁunme
mn"lﬁ' (Programmable St data bit) unmﬁqﬁmummauqmm‘ﬁ'mga disuitunituoue)

a

<
nuuummum‘nmmmnuﬁ 11 1 9zse ﬂﬂ‘]J#’lU'ﬂﬂﬂN"]ﬂ\lu
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ravdaye

A d . -
Uaf 9: daltawnIalsuniunia
e uat B nrandiug

1 5.12 uaasdeyaiuunzdalunmmhauvsmesadeaseynsy Tuua 2 uas 3

° 1 a A J o~ - o
Tuvaizvimisdedeya fafl 9 ez'ldvinsluila TBs vesiTmmef1Fanuany scon

4 3 A v ? - o
afigunsanesdimualdlisudy o wie 1 edelsild daulnglunislfomeiainesld

¥

Tatilunsasieasunwgndesvesdeyafisuniads (parity bit) Taseziirtia P ( Parity ) Tu

Fmaei psw Wiiluda 188 dauluvaziudeyndiad o szlisngegludin rRBS vesd

-~ o ] -~ .y v o o o s g 4” e
apes scoN Tasliaulviiadugavesdoyn mdasudalunssuniodedayaiissgnimua

139 132 wSe 164 vosmrmdesaFaanesn e

5611 weiadearssynsuInug 3

nwﬁ‘la1wmwe§wéamiﬂegmmnaunsmmuqﬂﬁw Asmsvhanmlulvun 3 lunts
ﬁwm'fnuai’:ﬂaqnﬁmau 11 fiagndasimun TXD uazgniudumen rxp deyai 11
favrzney ldreiiaduduvesdeya 1 n o 0 e ) fiadoyn 8 a ( Funazdadindiga
nsu) awdeliafio Fadudaiamwsadmuasi@niouluInua 2 (Programmable 9th bit )
ua.,mqmawﬂanﬁauqmmﬁ'ﬂga (dlu 1 1owe ) SasuFaluntssumiededoynannsodios
nlfountasld dafues wwhguuumsiudsdoyaluTuua 3 szmiouduTnua 2 Nnsems
uw“lu'[mmummmnmuﬁmemmﬂun1ssumaﬁwagn‘Ié’mnmmﬁmmwmﬁw

mﬂm1wuaawamﬁams'ﬁ'aummuaqﬂmm 4 Tnuafindruds msdedeyneziu
Wuitidefifdelag #1955ames1munms ¢ sBUF ) HhuFimaesaona ( Destination -
register ) I¥U MOV SBUF, A

daulunsiudeyaszSuduTaoideu luseil

- uTnum 0 wwiSuifesirludia R1=0unzfin REN -1

- TuTnuedug mssudeyaduide Mcs-s1 1viasuduvesdoyadnn Taofida REN

'lu'uwuumaum 1
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57 Ne3a 8255

dhudwuina 40 wdleg 3 nefa Aie nedm ABC funesa vina 8 fafiawise

Tsunsulbidhdunnned winai 18 Taolinesa Suvuilu 4 fadwuoz 4 Sauu Tasiilass

afuawgli 5.13

Bariia BEOCK DIAGR AN

=~ 1

rowen [——= v
RPLIES | e OND .

i

! H J8our

caor C: ,.\_: A ® to
A 04T
] eontmee I . rh. oA,

Y

ta

B9 0\NEETIONAL DATA BUS oatame Y
LG surrtn Q—-—-—————)\)
tar
INTEPUAL Vi
T DATASUS ronre c
(ran
L)

20 wn I
h.l—-—d

ReAD . onour
A owag T cond S Y Rg)
S8 ——e! Trome rov L
ALINT o] l .

Grour

Saour

A
© POAT C
wren

- I

P18 CONPIGURATION
s3]y w[Jras
ra]e U » s
mi]s »[TJeas
ran[]« n(Jrar 3
wOs el P RARES
ag *Pncaer 0)-0, | vata BainOINECTIONAL)
o] »[Je atssr | asaxy swur
MTe n]s, 8 Ll
wg]s LW T
roCn 1o, LL) Ty
raCu e 28-a4 FORT ADOALSA
PGC " s o 3 PAT.IAS ORT & BT
reagr e rer-re { ronT e torm
reo (e we, rer-ren | somtcmn
rer(}n 1) Ve Tw S vorrs
] nBinr oxe 1 Y018
ralin 2 (T ree
L sl} b g "
1o n{]re
mle n :]n'l

1M 5.13 msdanevunz Insaadieves neda 8255
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5.7.1 Tnuan13via1u ysanesa 8255

[ L) U & « [ 4 d‘
mahnuliegAeiu 3 Tuie AsA151ed 5.3
Y dawe & o K
Tnua 0 dluTnua Input/ Ouput uuuugwildiulasialy Inuadiaunsa

fozdaduBunnnennina 18 3 nofa uoslulnuaillil Handshake TuTazeamiilld
Tnunil  Taolinesa uneiaduym weim B funesaening uozweda C unedn
emia Tmavg 16 fitlerdh Control Word e 90h

Tnua 1 Tnuafi1wesn A8 lumsiuniededeyn uazldwesa ¢ lumsasie
aeudgaa ( Handshake)
_ Trua 2 Tnuailldwedn A lumssudedeyn 2 fsmwazwesa B Tumssy
uszdedoyn uazldweda ¢ a0, 1,2 lumsfudufoyodia uasdia 4,5,6 Hudyaa
handshake

a1319% 5.3 agiInuanisiiaudngues 8255

MODE 0 MODE 1 . MODE 2
IN ouT IN ouT GROUP'A ONLY

PA, IN ouT IN out Ce———
PA, N out IN out —
PA, IN ouTt IN out e
PA, N ouT IN ouT ——
PA, IN ouT IN ouT R
PAg IN ouT IN our ————
PA, iN ouT iN out —-—
PA, IN ouT IN out —“—
PB, IN ouT IN our . )
P8, IN ouT N out —_
P8, IN our IN out —_—
P8, IN our IN ouT — MODE 0
P8, IN ouT IN out —_— OR MODE 1
P, N ouT IN ouT —_ ( oLy
P84 IN ouT IN ouT —
P8, “IN our dow | our _—
PCy IN ouT INTRg | INTR, " vo ’
PC, IN our 1BF, | O8F, ¥0
PC, IN ouT 578, | ACK, vo
PC, IN 1 out L [INTR, | INTR, INTR,
PC, IN ouT* 578, vo §T8,
PC, IN ouT IBF, Vo 18F,
PCs | N ouT vo | ACK, ACK,
PC, IN ouT vo OBF, O8F,
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dygnad1eueanasa 8255
D0-D7  tadeyaenleadu CPU

A0- Al 1Hidennesaa,B,C uaznesaniugu
3 »
RESET it lAsudyg unszqudaoasin 1 szl 8255 gaTidmilmavild

nawesaludurwnwesmiud
PAO-PA7  iluwesavuu 8 fia
PBO-PB7  ilumaiavuiu 8 {a
PCo-PC7  Hhumesavuu 8 da

RD Tumasdeyniinesaves 8255 fenialduriifiuasdn o nieudu cs

WR Tunisioudeyonie Tusunsunuu 8255 desilduil Whunedn o
wfousu Cs

cs duvuendi 8255 viilinssdefy YO DECODER

[ —_— ——— y ] [
1il8¥1 WR RD,AQ,AL CS ¥1971U%9 5 visiifledumsriudsmsni 5.4

< -
ATNN 5.4 ATNATNVIIVGY 8255

A A RD WR s

Input operauon (READ!

0 0 0 I 0 Port A — data bus
Y | 0 1 0 Port B — data bus
1 0 0 1 0 Port C — data bus
Output opération
(WRITE)
0 0 I 0 0 | Data bus — port A
0 | 1 0 0 | Data bus— pon B
1 0 1 0 0 Data bus — pont C
1 ! ] 0 4] Data bus — control

Disable funcuon

X X X X 1 Data bus — 3-state
! ] 0 ! 0 | llegal condition
X X 1 1 0 Data bus — 3-state

Source: Courtesy of Intel Corporation.
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572 n1slusunsy 8255

4 s =1 L4
s Ilsunsuszdesgansgiineunsfauedinlesiiqe 1 a¥s Tasnmdousianiugy
( Control word ) Tilfinesanaunu (A0AI =11)
y
sHanuRK ( Control Word ) Tundazfialinammnedail

07 06 D95 D4 D3 32 D! 30
L] LN
1 'LH .

Group 8

Port C (lower)

1 = ingut
0 = output

Port B
1 = input
0 = output

Mode selection

0 = mode 0
1 = mode 1

f Group A 5

Port C {upper)

1 = input
3 = output
e ———
Port A

1 = input

0 = qutput
e
Made selection
00 = mode 0

! 01 = mode 1

1X = mode2
—

|
1
.
’
»

| —— .

37 5.14 Control word W3 2 HULYEI Mode LAY Bit Definition Format
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1n3U7 5.14
D7 umasdsanaugu iz (1= show) Ae selinavild 8255 $uf
[ v 1 4 ) v - b 4
flede I ludadeg fezdmuald mswsiunaesdinuniomhildty s255 daileuidu
1 1aue
- o s & a
D6 unz D5 Wunmden Inualumsiuees wesa A @i 3 Tnua lu 8255
avez lRndnde )
D4 fimuald wesa A du Suwym wie iy Tao
0 = (o1 nea
1= Buyn wein
D3 fmuald wein c wu ( PC7-pca) dlu SunnnTeiening Tas
U4 o
0 = 1B1MNA WosA
- o
1 = 8uym woin
D2 dunmden Inua Iifunesa B
0= 1B 1iNA
1= auwm
DO fimua #eia C a1 ( PCO-0C3 )iluduwm wie iomina T
; \
0= oMM
1= duym
uazlu Control word #efiTnuatisy 8n 1l diaf 7 ves Control word Hausiy o

; -~ - J - » Qs {
TuTnuaiiflfaunsodm uie Sim daladanilived neda c 14 TaodassTaokeqildl 5.15

D7 D8 D6 04 DI D2 DI DO

Lelxixfx [ TTT1]

Bit sat/reest
1=set
Q= reset

Bit sehect
7

1
L

Qo O ol

O - o fm
-0 O |~
-0 - |
- - 0ole

3
1
1
]

[ »
1 515 nslilsnnsuveanesa ¢ Adiueniyanssaminiu)
1 4
felia 7 wheuilu 0 dauDs -D4 vztluerlsild Tunsditlisws1dm weda C
dlu weimdwina weldifudyara sTROBE 18
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u -t
uapsran1nefiames ( Displaying On Computer)

6.1 miﬁm’l"lﬁaxﬁggmaﬂ (Introduction to Visual Basic Program Version 4.0)

J¥¥Iouudin ( Visual Basic) Hanmuadendmsumsiaunlysunsuuuiulasd
(Windows) Uszneylufoundesflennaasudau hidnaihudauvenseenuuuyases
duaesIHY (User Interface ) aUBBANVYINY ( Menu Designer) dautiomienisiiou
Tasunsu (Helping for program writing) 4AzA15ANN ( Debugger) HBA1sATIINTEAA
woaluTusunsy esfilszneumariiuiudesasdents@enTusunsunn

Tuddmnmwidvmawdn  Ihihhonsalveavdn A uaz 6w - BasiC inld
TﬁUﬂﬁ'vﬂuuﬂ’2111’6{‘111‘15'015111’;:01111?1 wenvInfide iy T sunsuuui Taseareves
QuickBasic #endrofulunmiidilaseadie wunmwihasa (Pascal Program ) #7390 W1%
(C Program ) 1w lléne

fasmmmunsovssian iy awiseth e e nndnduldvae
dszan Bidwzduldsunnimanm  asdnnamanniu  vieududTysunsunisdy

fdumivenaaswavuu Ilsunsudvyaaman

6.2 Buduluns@sulilsunsaisvannfn (Beginniig to Visual Basic Programming)

Tisunsdsraawdne: ldvdnvesnmuas msneusiu Tasizunmisesnuuy
JulmadeonienFonimlesu ( Form ) lueduszilszneudasdssingfies 1damied
] o ) [ [
Foniutusediind (Object) 1¥u donam Feetudoniw anead ( Scoll Bar) #3e
' &t ° a v A’ 9/ < 1 4 4 1
1J31 (Button ) iifefimuafunariinsuanmaiudenis udaeszyiesslszneuudaredia
° M Y . 4 H & :i
vinmednls TaonsdouTusunsutes (Private Sub) whlnauquestiindinaril &
1 4 v
dhusuiimrzimehaouldulmdedhunigoni sl - lasou ( Event -
. d o & - o [y a o d
Driven ) As¥ufiumanisal ( Event) iilessniulaadezdessantsiunnuenndindud
t 4 } 4
maluvasiuionualiwieng du meemshoudhuoussusiuodidnaeq o
lunauAeaiu ( Multitasking ) Sedealdglunuums Tusunsludnumy Event - Driven &4
' 4 d & + wd a /o & ' /9 o
nan  deesdidndudasdaneelimgmisaliaduldvatsednn  Haulunmemgnisallad

3 L4
Arulisunsudanulihouaumwzmgaisahiug Wiy Juasuguddesnts i
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4' - A o - a o 9 1 o a A 4” 9/ °
wenanvieaudiandniezdesszydl  minfinsadndisjumunuil Iusunsuesdenien
1 v - - ° 1 (] o di o o ]
oduly viethiinsdudaninezdenitediels daumgmsaliug #hil8szy13fer lif
' 4 s
naReeslInAlY
& o ’ Yy a M o 4 1 oa
Foziu Idhesidmusiussn@nn Aedmuaglivuvessenmuiodauda
Y e ' - 1 vu - y 0 [ &
AUl (User Interface ) uazszyidufamanndesiiifudsiissdsniednls &
Tlsunsudsunfedaudiszuenimamssleziluedie lsde
d & = v Conl P d & =
usnNBBLRNAIlinIRBLAUBIARIMANITEIA1NY fidmuauds yneeiiindesd
L ) @y o 1 L o dé‘l
AN¥USHIBAUANIA ( Property ) ¥8IAUBI 1¥U  FoaTudandne ( Text Box) wiide 1o -
¥ ] ¥ [
mwhain mwndn mwgs § Tadeunsedudienfounamniameril ldvasd
Tlsunaanamed vievaziidonlisunsudld Taonuauiidvesnuheenmg ldsine
HUIN
3 o dq 4 & o & 2 4 :
lupsieznseidaladanilsfuenllamiu  wfifsfiSondumiien ( Method )
<4 o < ' 3
FulfoumiiouwiiunszuaunminvesesiSng  Feeedindurazuuuit Method 1
uandndusentlyl wuthdeinisszuaasdonumismun ( Label )  Avzflvuaumsuie
3 » 4 v ¢
Method ¥9 Caption YouRIUA (We¥ 10 Wi 1Asd4I Lebel Caption - ToAMWTveUTA
2 o & o o P A 4 o Y
Hagludy Method fndedrdanildidiueeySndudazsiiaiues  Fotamuaiisiuun
F4
melumsivouTdsunsuuaaivanneuiaunes lulassamdl Tasezveagndnnisuay
y
dvlumsdiouldsunsudsvrandnlulnseauil fe

1. evnuvusenmniedaudndenufld (User Interface )

2. ﬁauTﬂsunmmnqmdnzaaﬂxi’fﬂ‘lﬁﬁmuﬂﬂﬂﬂﬁmf'fuhlsuﬂmmuaumsﬁﬂ -
defumninlulasaeuInsames

v
3. m3Aads 1dsunsudag Setup Wizard ( Program Installation by Setup Wizard )

} 4
Tavszuaauiuumunm'l@ssii
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]

INUHULAS A M UAYO VAN TUTAIND

AnywarnaasuvouTalsunsy

v

BBNULUNIIOUTAIND

v

s o d
Wewllsunsuniugueeiifng

y

y o 1 4
diou TlsunsunivguivawinluTnsneulnsanes

4

[y 4 d
nameullsunsunuarfauas

y

' 1 1
Husduldsunsuusiuyy

31 6.1 wamsdwulumsidsullsunndsyrawdnluinsenuil
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t 4
ﬁm"nﬁuﬂgymsmmm:mmﬂnm;mm?ymguwwmnflu Insneyulnsained

(Input from Microcontroller recieved by Programming)

S (% , a oy w7 4 A
susuTisunsunavgunisiadeumenlulaseulnsameseuanna nisu
o &

Tsunsatameiduaas3hami 7 u¥h dadushdedieziumandndaiunsudign
Mumafoufumil tazdiduduneunisauazium
Taatunewlumainniaamesaudaudnszyaumsiy ~ deiduym anluing

aeulnsamed  gahadumsduruiiesnuanana Feezuoadldudenlaesunsudall

@avlilsunalilninsneuinsnmesaenuilunvgiv 16

v

dareenmandIneynsu RS - 232

oo1li§nd MSComm ves3¥¥raiimsusm

MineIneynIy Comm 2

udeyariaual huivivies

AawldsunsumsFuamdwnlyivsiadn

71 6.2 uERINIZINNIIFY - AIABUYM
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n’: 1 u’: y o d
Suaeudi 1 ludumsuil  dwiuns@oullsunsumugululasneulnsamed uu
-~ ° =t & o
aaufinand semoudunywemsund  udvihmsivanasenieuienullsunsy uay

nsshawnszuunsmsfonTlsunsy  doudeyafiezdezihunvgni 16 szl
WU MOV A#0TFH
MOV DTPR# 8800 H

MOVX @DTPR, A

uag

07FH = 127
OFFH = 225
031H = 49

H 2 y
311 63 maSounmiunsesdrsnwermanud unsdeyailunygi 16

z |1 P Yt ) : :
Suasuil 2 lerhmsdoudsunsudedeyaiimuadoufosuds  nisdedeyadh
Auuunnuszdeeenmaneiavu diudidesnnineineynsusdwiun RS 232
& H o -~ 4 a 3 4 v <4 ) o~ P
Sweguuveialulasnoufiuaed  dnfudoyasrgnnsesdieduidlusudioviiaziia  dalu
) L g o/ ¥ 3 st 4 L4 Qe
nsdefeyondenniisnitiusiauead ( ASCH Code) — laohargmliuniavusaluwia

g 16 amedlusvauead  devzuaaslddeg
“  @HSHS@ & &*&ERS*(O)(__+9"& S &***
4 e 2
317 6.4 sHauean
y [ [ k4 ]
Yuneudl 3 iedeymicmuaniduneanesa rs - 232 aenfuneinniodly o

o &~ é J 1o
mmsiudeyannesaeynsy  derneziiuweianen 1 nie 2 Yuegiumslénu Ta

} 4
Tulasanuiiezldnesanen 2 lunisfudeya
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s ]
<4

o o & 9 3 o/ 4 & 4
suaoud 4 wiwiniussiiweyaiamuaiwd i luilivles ( Buffer )  deesi52
; 1 e - M -~
viedhaziuegfusasimmidaluntsdeninulnsaenInsainesd ( Boad Rate) lasaeui
efezsanis eseda Tud@ wunamidafl 1200, 2400 ,4800 , 9600, 19200
H 4 & e o a v o s &
Yumeudt s luduaeuil Fléuihudesdoulsunsylfudoyavinidiles 1iu
deTilsunsdswonmdn  sidedens uavestdndmenieas lumsfissihdeyniids
t 4
o ° J 1 1 o
uniumiinsuaairn deeznieendlu 3 daundnfle

2 o
1. 801liind MSComm Fsszuaaslddag)

71 6.5 uamseeindvemeiademsunivyanin
& L] L] L]
Feeednsdnuludiuesihing  Tuduvesnisvenusromas (Help)

2. Tsunsudswaamdn  TassndasdnaTusunsudsgy

EE2.Label45.Caption =" OK "
EE3.Gauge2.Value = A

EE3.Label22.Caption = A

EE3.Label25.Caption = " Input Normal. :

519 6.6 uaasdIng TlsupsuUUIFIAUTN

) A\ 3 A - .'l o A -
3. Tsunsufadedears  aenfe lsunsudvyiatiuewasuiludssdnyuiinds

rel¥luntsdndedemsdeyn gl

Gonst port = 2
MSComm1.CommPort = port
‘Open Port
MSComm1.PortOpen = True

1101 6.7 urasdiedreveaTilsunsudemsiuneinoynsu
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9
6.3 n13AnAsllsunsuRIY Setup Wizard

/
(Program Installation by Setup Wizard )

lumsadrTibsunsudndsdsyaandn ( Visal Basic ) juileerdn  1814ins
maTuTadda ey (Wizard) Yaolunsdaelusunsy  Taelifuneunisaadedail

1.725921@ Visual Basic NOUINIIZ Setup Wizard 9ZAIUANNITHINUYOS Visual
Basic ¥sdudozhilla Visual Basic fezalsinglaesdenilendidenliidnidont Visual
Basic nou

2. sxdenhnsdafuresuuaz Tugaidlu Asc Aou  Tasnsduidandndiesu
nielugaludulaadlysdng  udaden Save File As suilsnglaezdenteond 1idn -
flond’ Save As Text uBano Yes mosuduntssaiuiv W@y

3. Suiinndindi lenou Application Setup Wizard Tunqu Visual Basic

4. valngdadenlunmadiellsunsudmiuanae 7 Suaeu  Taodusuneud 1
daqiit 6.8 Wlade A Tulsdndlutlond Project File (InooinezsdonidTaonsnani
1lu Select Make File udaidenIndoinlagnnes ) udsnintunanii Next riofiassilu
AszuIunIsEe

» 9 v
11 6.8 uaasd e iuaeud 1 Tiden IWaTusdnd
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va &4 o 1d 4 a
5. 9zl ngAddiwui 2 Asgii 6.9 Ihdeni¥nilend Ndesnsudandn Next

4 7 [ G |
311 6.9 uansdadimsiuaeui 2 Idendntiensiidesnts

6. sz1ls1ng@ Timuvuii 3 degalii 6.10 Sudongmdoya Data Access WadnH Next
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L 1 H v ~a o :
7. 9l ng@dimuiui 4 Asgali 6.11 Tdiden lasuazarmuiudadvasnimiu

a 4
AANN Next

3 o a o o VoA
3 6.11 uansdddimuiuneun 4 Ihiden lasiuanamguavand

o T NI N QT LTI ¥ - 2
8. szl ng@alimuvun 5 Asgilit 6.12 dsvzuen TdaniFlumsadnldsunsudads
drdesnsindd Idndndilu Add Files wiodhidesnis Idlaldadndily Remove
Files

AWINDOWS\SYSTEMADBGRID32.0CX
AWINDOWSASYSTEMAMSRDC32.0CX%
\MNDI_‘MQ\SYSTFM\I‘II FPRN3I2 DI |

5 o a & P a UM
110 6.12 uaasd Timuiumeun s Iy Idwieau Idi Lidesnts
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9. fuflen Summary Info z1l51nglAezdend File Sumary sl 6.13 reven
Joyanpilliadndi ok

31 6.13 uamsnsuendeyaaztlnis1Mduaznon

10. lusiumougahovesdadioy Al 6.14 uaz 6.15 WadnR Finish

310 6.14 uaRRIIEHIURBUN 6
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DO TEM! DL
AWINDOWS\SYS TEM\ven2232.olb
AWINDOWSASYS TEM\olepro32.dil
AWINDOWSASYS TEM\msvert20.dil
AWINDOWSASYS TEM\msvent40.dil

:\Program Files\Microsoft Visual B asic\setupkit\kitfil32\S ys32\ctl
AWINDOWSASYSTEMACOMDLG32.0C

A o o z 4 . -’ o o
11 6.15 uaasdidruTuABun 7 yendidugants ¥R 3im

w9 Iy Setup Wizard wwasaaeuns iited swtereu afanmiuseion
Tilsunsueduig  udafenlisunsiiswaanidn  meadieMdiimhifiaasaindeen
aadaerdeni Indisududmnasunndad #5609 Masier Disk Mawaniies 1
nmasavaeyhialuisu fvzduganzadiuiuieds  Feermiuiindy (Backup) usiu
inanedi H1dwe ) dedesnisfinedasennamsuituiitous g Setup.exe MU
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6.4 n3eenuuUseN Muaziou 11)sunsy
g Jd
6.4.1 M321A8AMAeRINNAA

o a o :
dievhmsiFendyyaadn¥un yadiend (Tool box) Usnguusenmamdhoile

= ) Y ' & o 4
yadendivzussggnmiadudumueetiinddeg Neznancuresu1ddsgi 6.16

1171 6.16 uaaayatiendussdvsandn

2 s AR
mMsnaseilndasuunesuiivuasudide liiaue fe
a -
1. Aesndneetiinafidesnisnianinyatiend
H o 1] 4
2. neusnduuesy lldsdumisidesnisezaeeiSng

3. natjudhodn Budaon szlsngesiliSndiidesnsuuesu
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6.4.2 M3t muARUAINIA ( Property ) IMiugmyeidwan sy

oda o : [ ] - a
msnagmyesswassMailuvuasuusndmiumsiioulsunsudaodvmamdn

y 2 4 da . o ' o b g ¢ 7o ¢
dauvussuNaenfe nsfmuaguanyua Iifuudazesiinduugmsesswassmy

a a : ' e a o d o o T e v
Irvrawdnzasiquaunia laolSneliiueeliindnndi edwdalulid  udedis

F 4

Tsdaw  dhidesnisldmlanlSmomaril  Aawnsolfmlgsgmsesdumesie1ddas
A N a . 4 ' e 1 :
manldsunlasiquanifveseeiindlmi  Fzuaamhagumnianmisnmesa

g o o
AN Al

|Lahen ‘Label

.Ttue
LipUPC
 4HB80000012%
9255, [ <
i
LinkMode ~  D-None.
JLinkTimeout |50
qlink Topie —0 57> &
{Mouselcon [None) .
|MousePointer | | .0 -Defaul _

3 ' e ' ; ’
311 6.17 namamhanguaaniAuaaimismmesanag

o - - U’ 4 - o .'l A L
dmiumsouldsunsydywiamaniu e lineunaass i udes 19mideisiu
P a ' &
annsadnle 1] dsdriivaron TlsunsudvawdnezGondi Tnsdwes (procedure) Fa9y
Tananae il
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6.3.3 M3ty Iysunsuges ( procedure ) Tudvwaadn

A 4 ' . 4 H
dwsnidenineude naseiindasnmuresy aenmiuewszilasunlasgu

aa ’ 4 H \J o o v . : ‘ .
auAvewsazeeiing e liliveuandniuuaziildne SlihinsasieIntesiiSng
v : & ) ia a : ] o 3 d J
maniufez159e lanlSnenisvaamdndald 9u ee1l¥u1 (Option 1) niemng 3 ( Texs )
2 g2 - N R -t » -
dudu vmiuisudanhaenldidouTilsunsudestundsglit (Taoadnuueenidndi

#8ams udana F7 niesuiananuuesitiing ) Audoulsunsy1duds

Obiet. [Fom bl H
Private Suo Form Load() E
| ‘T'
End Sub

1141 6.18 uaasTdanhanezidioulisunsy

Fevzdunaldd luussiausnvesTusunsuses ( Procedure ) 3120 Private Sub
Juaneillsunsudesii duveseeriindfiszyninfufie Fom devimiulusznirdes
msﬁaf:%zﬁ’mﬂ1msﬁmuh]sunsufuuuﬁammnﬁamas’fuf ussnaganovesInsd
183NN 72 3ABIARIY End Sub e Iau&:uam'héuqnﬂﬁﬁn'fwummlﬂsunsu

AR / & P ' P < o'
geoiind’ qﬂunumfﬁmwaﬂm"ln‘mmnﬁﬂ‘}‘nuu%zﬁumuamhgnﬂ' Aquziinaly
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Twsdioed Tavezdeadovilszneuduranduiunilsllsunsy  Fmdsondounsdioes
ivmeniiumeiisiaumudidefiozussianauuasdn  uazezsummihnudieduaa
ussviagae Aeidionud1da End Sub tues

Twisyaawdn ﬁn?wzv‘hqmxf'ieﬁmqmiaf'ﬁ]m1zsﬁﬁifunh1fuacimiu NA9 afa

' ' ¥ =
nadnunduueeliing yamdigadsaiuveanamisaliiozgaduiiunts  uasTusunsues

-~

b4
Tugalesenindmizesidessunsinan  TaslulassouilezuaasTdsunsudysam

De

¥ v
annanualuuni 7

6.5 YenfTsumsun i ivriaudnfunidy

1. maadregmaesswaesimaTasnisaia
Tunmming Twunmdwdandaudazifonteq 31 A% (C ++ Langauge ) uaz
1hafn (Pascal Language ) 9z@o0iimaioulalsunsy ( Program) iioma 3 f Ao
1.1 Tilsunsuezdeslineuiaumes Finiuszdeniesls Fweraduandoq ed
msvaniay 2 §ou  uienuiidudevesisnumiaduniiu
1.2 deniinsadiegmaesSumesined uaay ary it uazudn 9 yuee
am dwn lifigmeesswaefiaudaes BimwsaumasTlsunsy 14
1.3 Tsunsuezdesvenlfyaweiduwmeslsudnzaaud3snsiham
dievhms@ou T sunsudagn e 9 Ty adniethama svdeslfinannn
Aoy Tsunsudledvvramdnds 3 o
maihbisdouTusunsudaenmnt qlithidesin fideaunsindyludae
1 ( Bug : A2WHANAIA ) ém:é’aeﬁﬁaﬁn?fﬂudmﬁuﬂmgmem%’ﬁumaﬁﬂm daudl
nann157?N1umaaﬂauﬁama§uazdmﬁuan?‘ﬁ'msﬁ1q1u1lqumems’§umaﬁﬂm
Mslynawdnliusanagaessumesiruusenidanudesnts  uazdae
mm‘i’mﬁw‘iﬂﬁﬁnm"lﬁatheauysaﬁmuTmﬂﬂﬁmnﬁﬂ
nmiafugmyeisunefiladionmduozihania  suifudesiianeaunismsy
Judyhidaein

2. msdeIfgareSowmesivaninay

nasniihmsdouTlsunsudmivgmsesdumesimadaenwrdusenmnhann
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o N o a 4 9 Jda
( uazuf lvawihaugadewds ) delezdesihnmsdoulsunsumn  elvgayeiou
wesmanhuesnls  ffeaumaii I lilsunsuwesnmduazihanradesldnardiu
v ¥
Tng lfumsdouTsunsudmivgawesdwaeiidy  umuiezdesldnmaduiluns
Woudundeens I Tusunsunihnueie 9
hidsnandniiuseshelunmiligareidwaeiminm  mzndnnna
k4 v
gaeidwmeimady  udazFudauszdesiuiwhoueslsldthe  Wehmnaay
" ¥
ayfzinduiugaundadouds  fusrdevivdniulumyeeninlasdalulid  dad
wihawuuse mihwefezdiesd fususdeudn Ta Hillud duluwedldedldiegn
pndnadn
- 9 o 4 ] P 9 o
fenmduazihantn  svdssvenguyesdwasimlyedummznzey el
o .t af J Lt A a &——d da I'4
Mamamwnsnszhiifety  udfuissaudngn q sedidindvesguiyesoumesily  §
o ' v N, a J - - ° o wa 1 4,
swhaunedwedudy itz adn wiena  Aaenisinulassalulifedeiidu

[ & A a ' H
daunitsnvi rwawdn  I¥nuldedwdiosn

3. MIuaAINAUUgAITDI DUIABT MY
genwasowmesMadomsnudldnuassiiants  Tashlui g lddsaunouia -
5 ' ' : % a o
wes Wivihaude i 1ddhedu  azesildneuitunesuaawmaneundvesnuiee 14
da 4 ° 9 4' LR ] v 9/ o - d ° @
genweidwanslmimimadenuawszuiedldnuneuiauaes  dnhnisuendu

3 v 9
gaweiowmenlalivihy  ufwdudmdunsiudsauneuitames  uazndsnimiu

a -] ° o o @ - - o
aoufamesneviamuiiawudds  lunnduazihania asfezueases lsiawuuga
a A 4 ' & o
iweidwmesavzdeudouTsunsumsanniiu. - Lidieslfarlunsdisunniuszdeni
4 4
Moy Iusunsuunnyu
nsuaasdenuliiugmaeiswmeimadmiviswandn  hldTasmsnlaou
aa < { a o 4 i
uasnuaui@ ( Property ) weseoiliindfieguugmresowasimey  wasnnfinuldnldou

Auauidvesesiinduds eedidndnszquanisuaasdeyauuseninies

4. m3woulysunsugey ( Subprogram )

Hl¥nmdvieorthana  sxdeaudoulusunsulu'iduead ( Asco ) ASenius
¥0318A ( Source Code : TRAAUMVVAF Wik mnsutla ) Erldsunsudvinalugiern
dusudiudan q Tiidtuonduld  Sudintanmnduazihaniase itesuliiia

1 o o A [
uamaiu TdsunsulviiduIndidn qilunannadmiumsoulysunsy
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5. daidonlSeuvesdvyradn

dmsudeavesnyFuaznmmhania fie

1. mfuazthasa  asugumsdhauldunnd Tawita lns@ouszuulfia
A3 ( Operating System ) Fanua sxWoudasnmnduazihania

2 amduazthaaa adelusunsuiiu @S ani Tulsunsudisumiloun fuud
WouMeIradn

3. amduazthama aunsalendelduuwededfianrdlasnssuuandieiu gy
1A389910 IBM , Macintosh 402 Amiga daud¥wawdniu'lduAuuy Ms-Dos uazuu
Sulaad ( Window ) winiu

Tuflogiuil  esiiTsunsufioudronmnhamonaziidovazadofuivyam

a A

anfignuuuuiuaalig (Delphi) - Tashezshamadieiudssiaudnnnie swdes

.
-

GuadegareidumeSnlauusenniey udrSudionTilsunsuIigawesdwmedivy
e ldawdesns  Andunivmandnldmdinmindn  dawsaidldidahama
frdeansdedvesmyadngmaesdumeimapdiriasuazdiedenslounyhama

L d
vrdvuvsudlnaa Tamniy
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“d

MIAUINUAZNITOONUVY

» o 4
1 o | ¢)
- o 4

- MIDBANNAUTIAY  Vds Y99 upaHn

I

9INYAT Push - pull Inverter

It

14
o~ W

- MTReAAINILUANNAYB IO AINN

2 X ( Vnorminal Battery x 1.5)
2X (12 X 1.5)
36

wiuszdentdus wuniaveweantn (V,,) = 60V

-~ s J ’ o o z o d
nnnnanIzan e lwsusvesndeutasniu 35 A duniwdenldfina

A\ A ’ - 4
nsvuavewemin (1) My 2 shwssnszuaitanisdm lnsinsvendle

wilaq

- 3 [ o
= MIABINAWTIAAN- ¥BTA (V)

VGS

Il

DenANNALIIAY

fl

it

'R 38
70 A

2 X Vadt
2 X 12
24V

auiwdenldamssduiiin vGs veweamnyiiiy 30 v

A & o N o i
NNATNMANUINN 4 @A ECG 2395 %‘lﬂi!ﬂﬂmai" IRF Z44 @ApYUUNAUIND

' o 1 J - Ao J 3 o §
wiuenszumasy  Falindandie dwgilnsal ECG 2395 ; IRF z44  Tumanuanil4
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IRF Z44

®

¥

AH

dl

H-
)
M

47.5 ohms

IRF 744

47.5 ohms

47.5 ohms

1

IRF Z44

>,

#47.5 ollnl

& H
3109 7.1 uara299sNY - yadunesimes

OUTPUT =220V

Dnive Circuit

H:b g

gl?




o m v

80

7.2 msesnuuunieutassay I

o LY 1 ; 4 s a a 4 a

dmfundteutlasilélulaseaui Maudasdyanufimdoudnusmnavesdu

o 79 St ar g 3 as P Py [ [ ar e & ;ﬁ

rediaei Mlussdugety 9z 8y fmionmedunisusuduy uazidganai
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azhadndanisz 1dsuidsau Iiihandunesines

; A - 4
311 8.7 uaasgndudgya e viyasindunesimes a5y 100 VA PF 1.0

4 8 - d
117 8.8 uansglndudga ueniyasindunesiaes a5z 200 VA PF 1.0
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31041 8.10 uamsgUndudyg e iRAINBUNESIARY NIn15T 400 VA PF 1.0
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31 8.12 uaasjUndudyR UBUYNVBIB U MBS N3 100 VA PF 1.0
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()

3141829 () uanwoumINAaaasiiinise 100 VA PF 1.0 Tasiismmmindn
50 Hz 1I%191.3 % unzesiimmizars Tuiindaminiu
(¥) naeA s WU NINATINGE 100 VA PF 1.0 verzsuussdunindy -
nesinei Taolif 238V, , 350 Vp, VDC=0 1z %THD-R = 40.7



YOKOGAWA SA2400 98/04/08 16:56
WINDOW=HANNING OVERLAP=82% AVERAGE=0FF
A:TIME 1 CHI
4.0 2 i E | ; i ; é 5 30dBY¥r
’ ? : E : : ; : AC_CPL
-1 SNGL+
CH?|
| 30dBVr
AC_CPL
SNGL+

JIOMPLCLK
INTERNAL

yTRIGGER
CH1

L NORMAL
FREERUN

0.0
Time Length = 519. Oms [ |
Lu 1 ms 0 s [ 1L AN 1 ]

U7 8.30 uAd Storsge time Frsrmmsdun/feusmanmzdniiuiaing
#7132 100 VA PF 1.0 naniiviamie’l 80 msec
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AT NUAAIII0IDEAYBI]1IH 8.3 - 8.28

gﬂ'ﬁ U3AU (Volts/Div) | AR (Times/Div ). mw?Tv\ﬁh Probe
83 10 5 msec X 10
8.4 5 5 msec X1
8.5 10 5 msec X 1
8.6 5 5 msec X1
8.7 2 5 msec X 100
8.8 2 5 msec X 100
8.9 2 5 msec X 100
8.10 2 5 msec X 100
8.11 2 5 msec X 100
8.12 1 5 msec X 10
8.13 1 5 msec X 10
8.14 1 5 msec X 10
8.15 1 5 msec X 10
8.16
DC 5 5 msec X1
Half wave 2 5 msec X 10
8.17 5 5 msec X1
8.18 10 5 msec X 1
8.19 10 5 msec X1
8.20 10 . 5 msec X1
8.21 10 | 5 msec X1
8.22 1 5 msec X1

8.23 - 8.28 UAAAINNITT 100 VA PF 1.0 $19899I0A15 NAANSTNABEINT 128
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A13 1 UAAINANITNARDINATENA A1

MINUTAINEN1INARRIN A1 52A NI

M3z (VA) usIUBUNN (V) | ussdueminn (V)| nszuaaisz (A)
annzilnasufids ldhenszuuns Iudh

hifinse 230 225 0
100 230 223 0.45
200 225 220 0.95
300 225 220 1.40
400 225 220 1.90
mIzAouines 225 220 0.50

anmzAalndsudids A e ndunesines

Tufiase 0 230 0
100 0 215 0.45
200 0 215 0.98
300 0 210 1.40
400 . 0 155 1.60
myzasuiapes 0 228 0.48
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P13 NUAAINANIINABDINATTNAIA 19 (AD)

A1TNUTAINIM TNARBINA1T2A 1A

—

M3z (VA) MABUNN (VA) | didueninn (va) | wesaudlvaa (%)
annzilndsuiide Ifhonszuuns Indh
Nifinase 0 0 | 0
100 103.50 96.75 24.18
200 213.75 209.00 52.30
300 315.00 308.00 77.00
400 427.50 418.00 . 104.5
M3LABUNIUADS 112.50 110.00 27.50

annzAndnasuids Wi ndunesiaes

Tifinse 0 0 0
100 0 103.50 25.90
200 0 210.70 52.70
300 0 T 294.00 73.50
400 0 248.00 62.00

mMyznsuNUABs 0 109.44 27.40
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13 19U AAIHANTINAADINA i

f a a 15eNNIAN (A9)

MTNUNAINAN1INARBIT M TZAINNN

=

ANNAdUYN (H2)

ANuBEMNA (Hz)

Tamaiagis¥u()

a3 (VA)
annzdn@suiids Ifhwinszuums i
Yufinse 50 50 2.2
100 50 50 3.0
200 50 50 2.2
300 50 50 2.2
400 50 50 2.2
mizaeuiaaey 50 50 2.2
anneAndndiuide A nduneiines
Yufinse 0 50.3 0
100 0 50.1 0
200 0 49.8 0
300 0 50.2 0
400 0 46.1 0
nIsABURIIABT 0 50.1 0
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; FILENAME  UPS15.ASM

; DESCRIPTION UNINTERRUPTIBLE POWER SUPPLY

; ASSEMBLER SXAS1
SILA RESEARCH CO.LTD

; BORD
; GROUP

3/1W, 2W

ORG 8100H
PORTA EQU OF800H
PORTB EQU OFSO1H
PORTC EQU OF803H
DSEC EQU 0049H
DMSEC EQU 0043H
INT EQU P33
TIME EQU P35
STORE_IN  EQU 8800H
STORE_OUT EQU 8801H
STORE_FRE  EQU 8802H
STORE_CRR EQU 8803H
STORE BAT EQU 8804H
KEEP _IN EQU 8806H
KEEP_OUT  EQU 8807H
KEEP_ CRR  EQU 8808H
KEEP VBAT EQU 8809H
PULSE ON  EQU 880BH
PULSE_OFF EQU 880CH
COUNT EQU 880DH
SETB PLO
CLR P12
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LOOP1:

BEGIN:
BEGIN1:

CLR
MOV
MOV
MOVX
MOV
MOV
MOV
MOV

MOVX
CLR
LCALL
MOV
MOVX
‘SETB
MOV
LCALL
DINZ
SETB
MOV
MOVX
MOV P
MOV
MOV
MOV

LIMP

FHHHH#H RECEIVE INPUT VOLTAGE FROM INTO #t#HiH

MOV
MOV

P13

A#90H

DPTR #PORTC

@DPTR,A
DPTR#PORTB
R745

R1#1
A#00000000B
@DPTR,A
P1.0
DSEC
A#00000001B
@DPTR,A
P1.0
RL#L
DSEC
R7,LOOP1
PLO
A_#00000011B
@DPTR,A
CON #00H
SCON,#50H
TMOD #20H
TH1,#0FDH
INT,BEGIN
START

R7#0A0H
DPTR,#PORTB
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VOLT_INT :

FHHHHH RECEIVE OUTPUT VOLTAGE FROM INT] ###H4

OUT:

VOLT_OUT:

MOV
MOVX
MOV
SETB
SETB
SETB
CLR
CLR
CLR
SETB
LCALL
MOV
MOVX
DINZ

AJMP

MOV
MOV
MOVX
MOV
LCALL
MOV
MOVX
DINZ

AIMP

A#00000011B
@DPTR,A
R3,#0FFH
P1.0
P1.2
P13
PL.1
P17
P34
P16
RECEIVE
DPTR#STORE_IN
@DPTR,A
R3,VOLT_INT
INT,0UT
START

DPTR#PORTB
A #00000111B
@DPTR,A

R3,#0FFH

RECEIVE
DPTR,#STORE_OUT
@DPTR,A
R3,VOLT_OUT
INT,FREN

START
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#HHHH RECEIVE INPUT FREQUENCY FROM INT3 #HH

FREN: MOV

MOV
MOVX
MOV
FRENI: LCALL
MOV
MOVX
DINZ

AJMP

DPTR #PORTB
A#00001111B
@DPTR,A

R3 #0FFH

RECEIVE
DPTR#STORE_FRE
@DPTR,A
R3,FREN1
INT,CURT

START

#HHHAH RECEIVE OUTPUT CURRENT FROM INT4 4

CURT: MOV
MOV
MOVX
MOV

CURTL: LCALL
MOV
MOVX
DINZ

AJMP

DPTR#PORTB
A#00010011B
@DPTR,A

R3#0FFH

RECEIVE

DPTR #STORE_CRR
@DPTR,A
R3,CURTI

INT,BAT

START

#H#H#HHH# RECEIVE BATTERY VOLTAGE FROM INTS ##H#

BAT: % (0)%
MOV

MOVX

DPTR,#PORTB
A#00010111B
@DPTR,A
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BATI:

DECREASE:

SHUT:

MOV
LCALL
MOV
MOVX
DINZ

DINZ
SETB
MOV
LCALL
MOV
MOVX
LCALL
INC
MOVX
LCALL
INC
MOVX
LCALL
INC
MOVX
LCALL
INC
MOVX
LCALL
MoV

DINZ
JNB
MOV

R3#0FFH
RECEIVE
DPTRASTORE BAT
@DPTR,A
R3,BAT1
INT,DECREASE
START
R7,BEGINI
TR1 .
A#AIH
SEND
DPTR,#STORE_IN
A,@DPTR
SEND
DPTR
A,@DPTR
SEND
DPTR
A,@DPTR
SEND
DPTR
A,@DPTR
SEND
DPTR
A,@DPTR
SEND
R4,#0FFH
RI,SHUT_TEST
RA4,SHUT
INT,START
DPTR#STORE_OUT
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MOVX
CINE

CHECK1: IC
SIMP

NON_OVER: CLR
MOV
MOVX
CINE

CHECK_CURR: IC
SIMP

NON_CURR: CLR

AJMP
SHUT_TEST: MOV
CLR
CINE
MOV
LCALL

TEST: CLR
CINE

GO_BACK: CLR
AIMP

A,@DPTR
A #85H,CHECK]1
NON_CURR
NON_OVER

OVER

C
DPTR#STORE_CRR
A,@DPTR
A#40H,CHECK_CURR
NON_CURR
NON_GURR

OVER

C

INT,START
BEGIN

A,SBUF

RI

A#53H,TEST

R1#5

DSEC
OVER

e
A#54H,G0_BACK
START
C

BEGIN

F#HHHHH# RECEIVE EVERYTHINK _VALUE #it##H#

RECEIVE: MOV
MOVX

DPTR,#PORTA
A,@DPTR
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SEND:

OVER:

START:

RET
CLR
MOV

CLR
RET

TI
SBUF,A
TL,$

F#HHH OVER._CURRENT OR OVER_VOLTAGE ##HH

MOV
MOV
MOVX
CLR
SETB
CLR
CLR
SETB
SETB
SETB
CLR

SETB

DPTR #PORTB
A #00000001B
@DPTR,A

o

P1.1

P1.2

P13

Pl.4

P1.5

P16

P17

P3.4

OVER

iR INVERTER TURN_ON FOR UNITY _OFF ##H#HH4

MOV
MOV
MOVX
MOV
MOV
MOVX

DPTR #PULSE_ON
AH8

@DPTR,A
DPTR#PULSE_OFF
AH9

@DPTRA
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STARTI:

START2:

MOV
MOV
MOVX
MOV
MOV
MOV
MOVX
MOV
SETB
SETB
CLR
CLR
SETB
SETB
CLR
CLR
LCALL
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
SETB
LCALL
NOP
NOP

DPTR,#COUNT
A H#OFFH
@DPTR,A
R6#1

R7#10
DPTR,#COUNT
A,@DPTR
R5,A

PLO

P11

P1.2

P13

P3.4

P16

PL7

P14

DELAY1

P14
DELAY2
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NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
CLR P15
LCALL DELAY1
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
SETB P15
LCALL DELAY?2
DINZ R5,START2
NOP
NOP



NOP
NOP
MOV
MOV
MOVX
CLR
LCALL
MOV
MOVX
MOV
MOV
MOVX
SETB
LCALL
LCALL
MOV
MOVX
MOV
MOV
MOVX
CLR
LCALL
LCALL
MOV
MOVX
MOV
MOV
MOVX
SETB
LCALL
LCALL

DPTR#PORTB
A#00000011B
@DPTR,A
P1.4
DELAY]
DPTR#KEEP_IN
@DPTR,A
DPTR#PORTB
A #00000111B
@DPTR,A
P14
DELAY2
RECEIVEL
DPTR#KEEP_OUT
@DPTR,A
DPTR #PORTB
A#00010011B
@DPTR,A
P15
DELAY]
RECEIVE1
DPTRAKEEP_CRR
@DPTR,A
DPTR#PORTB
A#00010111B
@DPTR,A
PLS
DELAY2
RECEIVEI
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MOV
MOVX
SETB
MOV
LCALL
NOP
CLR
LCALL
MOV
LCALL
MOV
MOVX
LCALL
SETB
LCALL
MOV
LCALL
MOV
MOVX
LCALL
CLR
LCALL
MOV
MOVX
LCALL
SETB
LCALL
LCALL
MOV
INZ
JNB

DPTR#KEEP_VBAT
@DPTR,A

TRI

AH#42H

SEND

P14
DELAY1
A#30H
SEND
DPTR#KEEP_OUT
A@DPTR
SEND
P14
DELAY2
A#30H
SEND
DPTR#KEEP_CRR
A@DPTR
SEND
P15
DELAY]
DPTR#KEEP_VBAT
A,@DPTR
SEND
P1.5
DELAY2
COMPARE
AR7
UNDER
INT,HELP

1y
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DINZ
LIMP
HELP: AJMP
HELPI: AIMP
UNDER: AJMP
RECEIVEL: MOV
MOVX
RET

R6,HELP1
BEGIN
START1
STARTI
OVER
DPTR#PORTA
A,@DPTR

i DELAY FOR INVERTER #HHHHH

DELAYI: MOV
DELAY3: MOV
MOVX
MOV
DINZ
DINZ
RET
DELAY2: MOV
DELAY4: MOV
MOVX
MOV
DINZ
DINZ
RET

R2,#215

DPTR #PULSE_ON
A@DPTR

RO,A

RO,$

R2,DELAY3

R2,#165
DPTR #PULSE,_OFF
A@DPTR

RO,A

RO,$

R2,DELAY4

FHHHA COMPARE OUTPUT_VOLTAGE ##H

COMPARE: MOV
MOVX
CINE

DPTR #KEEP_OUT
A,@DPTR
A#68H,COMPAREI
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FHHHH## TF UNDER_VOLT SO INCREASE WIDTH_PULSE #HHHH#

COMPAREIL:

COMPARE3:

SIMP

INC
CLR
MOV
MOVX
ADD
MOVX
MOV
MOVX
SUBB
MOVX
MOV
MOVX
CINE
SIMP

MOV
MOVX
SUBB
MOVX
MOV
MOVX
ADD
MOVX
DEC
SIMP

LOOP6

COMPARE2
C
DPTR#PULSE ON
A,@DPTR

AH2
@DPTR,A
DPTR#PULSE_OFF
A,@DPTR

AH2

@DPTR,A
DPTR#PULSE_ON
A,@DPTR
A#16,COMPARE3
LOOP6

LOOP6
DPTR#PULSE ON
A@DPTR

A#2

@DPTR,A
DPTR#PULSE_OFF
A@DPTR

A#2

@DPTR,A

R7.

LOOP6
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HHHH# COMPARE OUTPUT_VOLT ##HHH

COMPARE2: MOV DPTR #KEEP_OUT
MOVX A@DPTR
CINE A #75H,COMPARE4
SIMP LOOP6

s IF OVER_VOLT DECREASE WIDTH PULSE ##HHHH

COMPARE4: iC LOOP6
MOV DPTR #PULSE_ON
MOVX A@DPTR
SUBB A2
MOVX @DPTR,A
MOV DPTR #PULSE_OFF
MOVX A,@DPTR
ADD A2
MOVX @DPTR,A
MOV DPTR#PULSE_ON
MOVX A,@DPTR
MOV R7#10
CINE A#8,COMPARES
SIMP LOOP6
COMPARES: INC LOOP6
CLR C
MOV DPTR#PULSE_ON
MOVX A,@DPTR
ADD AH#2
MOVX @DPTR,A
MOV DPTR#PULSE_OFF

MOVX A,@DPTR
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LOOP6:

SUBB
MOVX
SIMP
CLR
RET

A2

@DPTR,A
LOOP6
C
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Private Sub Form_Resize()

‘Declare Variables
DimA, B, C, D, E F, G, H,I J As Integer
Dim status As Integer
Dim &

'USE COM2

Const port = 2

‘USE COM2
MSComm1.CommPort = port
‘Open Port
MSComm1.PortOpen = True
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Do

‘9600 baud , no parity , 8 data and 1 stop bit
MSComm1.Settings = " 9600,N,8,1"

t& = Timer + 36000

.'Tell the control to read entire buffer when Input is used

Do
dummy%% = DoEvents()
Loop Untit MSComm1.InBufferCount = 6

‘Get Input
statement = MSComm1.Input
status = Asc(Mid(statement, 1, 1))

Select Case status
'If System is complete
Case Is = 65
‘Input Voltage
A = Asc(Mid(statement, 2, 1))
EE2.Gaugei.Value = A
EE2. Label46.Caption = A
EE2.Label45.Caption =" OK "
EE2.Label47.Caption =" OK "
EE3.Gauge2.Value = A
EE3.Label22.Caption = A
EE3.Label25.Caption = " Input Normal. :

'‘Output Voltage Lo
B = Asc{Mid(staterfient, 3, 1))
EE2.Gafige2.Value = B
EE2.Label44.Caption = B
EE3.Gauge1.Value = B
EE3.Labsl20.Caption = B
EE3.Label24.Caption =" Output Normal. :

Input And Output Frequency
C = Asc(Mid(statement, 4, 1))
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EE3.Gauge3.Value = C
EE3.Label23.Caption = C
EE3.Gauge4.Value = C
EE3.Label21.Caption = C

‘Input And Output Current
D = Asc(Mid(statement, 5, 1))
EE5.Gauge3.Value = D
EES5.Gauge4.Value = D
EES5.Label13.Caption = D
EES.Label14.Caption = D

'‘Battery Voltage
E = Asc{Mid(statement, 6, 1))
EE3.Gauge5.Vaiue = E
EE3.Label187Caption = E

EE3.Label26.Caption = " Battery Normal. :

‘Battery Current
K=B*D/E
EE3.Gaugeb.Value = K
EE3.Label19.Caption = K

“YoLoad
Llo=D*100/2.27
EES5.Gaugeb.Value = Lo
EE5.Label15.Caption = Lo

“%Regulation of Voltage
Reg=(A-B)*100/B
EE5.Gauge6.Value = Req
EES5.Label16.Caption = Req

‘Batt-Time
Time=60*7*E/(B*D*0.8 *0.95)
EES5.Gauge7.Value = Time
EE5.Label24.Caption = Time
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EES5.Label13.Caption =1
EE5.Label14.Caption = |
‘Battery Voltage
J = Asc{Mid(statement, 6, 1))
' EE3.Gauge5.Value = J
EE3.Label18.Caption = J

EE3.Label26.Caption = " Battery Normal. :

"Battery Current
K=G*l/J
EE3.Gaugeb.Value = M
EE3.Label19.Caption = M

YL oad
Lo=1{*100/227
EES5.Gauge5.Value = Lo
EES5.Label15.Caption = Lo

“%sRegulation of Voltage
EE5.Gaugeb.Value = 0
EES.Label16.Caption = Q

"Batt-Time
Time=60*7*J7(G*{*0.8*0.95)
EE5.Gauge7.Value = Time
EES5.Label24.Caption = Time

‘Apparant Power Input
Si=F*|
EES5.Gauge1.Value = Si
EES.Label11.Caption = Si
‘Apparant Power Output
So=G"lI
EE5.Gauge2.Value =So
EES5.Label12.Caption = So

End Select
Loop Until Timer > t&
End Sub
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‘Apparant Power Input
Si=A*D
EES5.Gauge1.Value = 8i
EE5.Label11.Caption = Si

‘Apparant Power Output
So=B*D
EES5.Gauge2.Value = So
EES5.Label12.Caption = So

'If System is False
Case Is = 66

‘Input Voltage

F = Asc(Mid(statement, 2, 1))
EE2.Gauge1.Value = 0
EE2.L.abel46.Caption = 0
EE2.Label47.Caption =" NO "
EE3.Gauge2.Vaiue = 0
EE3.Label22.Caption = 0
EE3.Label25.Caption = * Input Normal. :

‘Output Voltage from Inverter
G = Asc(Mid(statement, 3, 1))
EE2.Gauge2.Value = G
EE2.Label44.Caption = G
EE2.Label45.Caption =" OK *
EE3.Gauge1.Value = G
EE3.Label20.Caption = G
EE3.Label24.Caption = " Output Normal. :
‘Output Frequency
H = Asc(Mid(statement, 4, 1))
EE3.Gauge3.Value = H
EE3.Label23.Caption = H
EE3.Gauge4.Value = H
EE3.Label21.Caption = H
'‘Current Input and Output
| = Asc(Mid(statement, 5, 1))
EES5.Gauge3.Value = |
EES5.Gauge4.Value = |
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Private Sub Timer1_Timer()
If Timer1.interval <> 1000 Then
Timer1.Interval = 1000
EE2.Label20.ZOrder
EE2.1 abel22 ZOrder
EE2.Label23.ZOrder
EE2.Label28.Z0rder
EE2.Label30.ZOrder
EE2.1 abel31.Z0rder
EE2 .1 abel32.Z20rder
EE2.Label35.ZOrder
EE2. Label37.Z0rder
EE2.1abel39.Z20rder
EE2.1Label41.ZOrder
EE2.Label43.ZOrder

Else
Timer1.Interval = 100
EE2.Label21.ZOrder
EE2.Label24.ZOrder
EE2.Label25.ZOrder
EE2.Label26.Z0rder
EE2.1 abel29.Z0rder
EE2.Label33.ZOrder
EE2.Label34.Z0rder
EE2.Label36.Z0rder
EE2.Label40.ZOrder
EE2.Label42.20rder

EE2.Label58.Z0rder
End If
EE2.Text4.Text =" **** Utility of System is OK **** "

End Sub

Private Sub Command1_Click()
MSComm1.PortOpen ="False

End
End Sud

Private Sub Command2_Click(
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EE1.Show
+End Sub
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VERSION 4.00
Begin VB.Form EEB
BackColor = &H00000040&
Caption =" CONGRATURATION"
ClientHeight = 3150
ClientLeft = 3485
ClientTop = 3015
ClientWidth = 5070
Height = 3555 b
Left = 3435
LinkTopic = "Form1"
ScaleHeight = 3180
ScaleWidth = 5070
Top = 2670
Width = 5190
Begin VB.Timer Timer1
Interval = 3000
Left A = 4080
Top * = 2400
End
Begin VB.PictureBox Picture2
BorderStyle = 0 'None
Left =73240
Picture = "EEB.frX":0000
ScaIeHeigh't = 495
ScaleWidth = 485
Tablndex =7
End

End



g

15AARdB1S



!

—rr v

[

-

Settings Proparty, Communications Control
Example )

Sets and retums the beud rate, perity, deta bit, and stop bit parameters.
Syntax
[form . JMSComm. Settings{ = paramStrings)

Remarks
¥ paramStrings is ot valid when the port is opened, the communications control generates emmor 380 (Invalid property value).
ParamString$ is composed of four settings and has the following format:
"BBBB,P,D,S"

Where BBBB is the beud rate, P is the perity, D is the number of data bits, and S is the number of stop bits. The default value of paramStrings is:
"9600,N,8,1"

The folowing table lists the valid baud rates.

Setting

110

300

800

1200

2400

9600 (Defauit)
14400 '
19200

38400 (rocerved)
56000 (recerved)
128000 (reserved)
256000 (reserved)

ﬂnfollowingmbledmibesﬂuevalidparityvnlm

Setting Description

£ Even

M Mark

N (Default)  None
o Odd

8 Space

The following table lists the valid data bit values,

Setting

4

5

6

7

8 (Default)

The following table lists the valid stop bit values.
Setting

1 (Defauit)
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Handshaking Property, Communications Control

Ssts and retums the herdware handshaking protocol.

Syntax
[form.}MSComm.Handsheking[ = protocoiss]

Retmarks

Handsheking refers to the intemal communications protocol by which data is transforred from the hardwars port to the recsive buffer. When a
character of data arrivee at the serial port, the communications device hae to move it into the receive buffer so that your program can read it. If there
is no receive buffer and your program is expected to reed every character directly from the hardware, you will probably lose data because the
characters can amive very quickly.

A handshaking protocol insures thet data is not lost due to @ buffer overrun, in which case dats amives at the port too quickly for the communications
device to move the data into the receive buffer.

Velid protocols are listed in the following table.

Setting Value Description

comNone 0 (Default) No handshaking.

comXOnXofr 1 XON/XOFF handshaking.

comRTS 2 RTS/CTS (Request To Send/Clear To Send) handshaking.

comRTSXOnXOf 3 Both Request To Send and XON/XOFF handshaking.
Data Type

Integer



; InBufferSize Property, Communications Control

| Setssend retuma the size of the receive buffer in bytes.
E Syntax

[form. MSComm.InBufferSize[ = numBytes%]
Remarks

InBufferSize rofers to the total size of the receive buffer. The default size is 1024 bytes. Do not confuee this property with the InBufferCount property
= InBufferCount reflects the number of characters currantly waiting in the receive buffer.

Note Note thet tha larger you meke the receive buffer, the less memory you have evailable to your application. However, if your buffer is too small,
§ it rune the risk of overflowing uniees handshaking is used. As a general rule, start with & buffer size of 1024 bytes. If an overflow ermor occurs,
increase the buffer size to handie your application's transmission rate.

+ Data Type

Integer
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InBufferCount Property, Communications Control

Retums the number of characters waiting in the receive buffer. This property is not available at design time.
Syntax

[form.WSConun.lnBuﬂuCoum[ = count %]
Remarks

InBufferCount refers to the number of cherecters that heve been received by the modem and ere weiting in the receive buffer for you to take them
out. You can cleer the receive buffer by setting the InBufferCount property to 0.

Note Donotconﬂ:semispmponywiththelneumrSizepmperty — InBufferSize reflscts the total size of the receive buffer.

Data Type
Integer



P —

-~

CommPort Property, Communications Control

Seots and retums the communications port number.
Syntax
[form. }MSComm.ComenPort{ = portNumbersé)

Remarks

You can set porthumber to any number between 1 and 99 st design time (the dsfauilt is 1). However, the communications control generates emor 68 (
Device unavailable)ifthe port dose not exist when you attempt to open it with the PortOpen property.

Warning You must set the CommPort property before opening the port.

Dsta Type
Integer
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Interval Property, Communications Control

Sets the intervel, in millisaconds, for polling the hardware port for data under Windows version 3.0.

Syntax
[form.]MSComm.Interval = milliseconds&)
Remarks

The default valus for the Interval property is 1000 (1 second).

You only need this property for applications that run under Windows graphical environment version 3.0, because the communications control has to
manually poll the hardware port for data et & given interval. However, under Windows operating system version 3.1 this is not necessary, end you
don't need to use the Interval property.

Data Type
Long
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PortOpen Property, Communications Control

Example

Sets and retums the state of the communications port (cpen or closed). This property is not evailable at design time.
Syntax

[form . MSComm.PortOpen( = (True | Faise)]

Remarks
The following table lists tho PortOpen property settings for the communications control.

Setting Description
True Port is opened. .
False Port is closed.

SetﬁnqmoPortOpenpropedytonopensmepoﬂ.SetﬁngittoFahccbseeﬂ\epononddoanthemeivoandmnsmnbuffsmThe
communications control sutomstically closes the serial port when your application is terminated.

MakammatthoCommPortpmpenyissottovalidpodnumberbefomopenhgmepoﬁ. lfmeCommPortpmportyissettoaninvaﬁdport
number when you try to open the port, the communications control generates emor 68 {Device unavailable)

In addition, your serial port device must support the Settings property. If the Settings property conteins communications settings that your hardware
does ot support, your hardware may not work correctly.

IfokherthoDTREnabloormeRTSEmbleproperﬂesiseottonbofomﬂwoponisopemd,thopmpwﬂesmsettohbowhenmoponisclosed.
Otherwige, the DTR and RTS lines remain in their previous state.

Deta Type
Integer (Booleen)
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ﬂNational Semiconductor :
ADC0808/ADC0809 8-Bit P Compatible A/D Converters
with 8-Channel Multiplexer
General Description Features ) ‘
The ADC0808, ADC0809 data acquisition component is a ™ Easy interface to all microprocessors ’
monolithic CMOS device with an 8-bit analog-to-digital con- = Operates ratiometrically or with 5 Vpc or analog span
verter, 8-channel multipiexer and microprocessor compati- adjusted voltage refgrence .
ble control logic. The 8-bit A/D converter uses successive  m No zero or full-scale adjust required '
approximation as the conversion technique. The converter m 8-channel multiplexer with address logic
features a high impedance chopper stabilized comparator,a g gy 10 5V input range with single 5V power supply
256R voitage divider with analog switch tree and a succes- B Outputs meet TTL voltage leve! specifications
sive approximation register. The 8-channel multiplexer can . 9 .
directly access any of 8-single-ended analog signals. W Standard hermetic or molded 28-pin DIP packgge
The device eliminates the need for external zero and - ™ i%é;‘sg: lded' c?;lp :fm :‘:“p;:éggg
scale adjustments. Easy interfacing to microprocessors is ™ equivalent to
provided by the latched and decoded multiplexer address ~® ADCO809 equivalent to MM74C949-1 -
. inputs and latched TTL TRI-STATE® outputs. K S ii . . L
The design of the ADC080B, ADC0809 has been optimized (<€ SpPecifications C.
by incorporating the most desirable aspects of several A/D ™ Resolution . . . . 8Bis
conversion techniques. The ADC0808, ADCO809 offershigh W Total Unadjusted Exror +% LSB and £1LSB
speed, high“accuracy, minimai temperature dspendence, m Single Supply 5 5 Voo
excellent long-term accuracy and repeatability, and con- m Low Power e 15 mw
sumes minimal power. These featuras make this device g Conversion Time 100 us
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel muttiplexer with common output (sample/hold port)
see ADCOB16 data sheet. (See AN-247 for more informa-
tion.) 4 i
Block Diagram
{ X START (1814 4 -
( Al lrun' A8 B :
9 & END OF CORVERSIGN. .
Ol | CONTROL & TIMING NINTERAUYD
|
- | i
O=—1 8 CHANNELS | |
1 ANALOG INPUTS — HuLIRERE | !
Omansg SWITCHES SAN l
et I
COMPARATOR : =0
T
= STATE® ___';
o—1 ‘:.‘fl"t";ir Lo [“tuTOoUTIITS
~ ] SUFFER O
b —o
G LR
] SWITCH TREE ll
[-
14T ADORESS { O oness | !_ - :
b e ] ﬂ i
s 91 picooen |
LATCH ENANLE 2508 RESISTOR LADOER l See Orderlng
. l ll v ll I Intormation
vee oo mmL-—_—-'—__—Jum-; outrur
ENABLE
TU/H/S872-1
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ADC0808/ADC0809

Absolute Maximum Ratings (votes 1 & 2)

It Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Otfice/Dlstributors for availabllity and specitications.

Supply Voltage (Vce) (Note 3) 6.5V

Voltage at Any Pin - - —0.3V o (Voo +0.3V)
Except Control Inputs

Volitage at Control Inputs -0.3Vto + 15V

(START, OE, CLOCK, ALE, ADD A, ADO B, ADD C)
Storage Temperature Range ] —65°Cto +150°C

Package Dissipation at Ty = 25°C 875 mw
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) . 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) * . 215°C
Infrared (15 seconds) - ‘ot o220°C
ESD Susceptibility (Note 11) < 400V

Electrical Characteristics

Operating Conditions (Notes 12 2)

Temperature Range (Note 1) T TMINSTAS Tmax
ADC0808CJ —55°C<Tpo< +125°C
ADC0808CCJ, ADCO808CCN,

ADC0809CCN —40°'C<Ta< +85°C
ADC0808CCV, ADC080SCCV —~40°C < Tp £ +85°C
Range of Vo (Note 1) 4.5Vpcto 6.0 Vpg

Converter Specifications: Vog=5 Voe=VRer+. VRer(—)=GND, TMiNSTa< Tax and .fcu(=-640 kHz uniess otherwise

stated.
Symbol Parameter - - ° Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C E-37A LS8
(Note 5) "~ T to TMAX LA LS8
ADCO0809
Total Unadjusted Error 0°Cto70°C +1 Lss
(Note 5) TMmin to Tmax £1Y, LS8
I’ ‘1 Input Resistance From Ref(+) to Ref(=) - 1.0 2.5 kQ
Analog Input Voltage Range | (Note 4) V(+) or V(—) GND-0.10 Vego+0.10 Voc
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Veo Veg+0.1 \'4
V (+)+ (=)
REF(+ 3 Vrer Voltage, Center of Ladder s Vee/2-0.1 Veo/2 | Vge/2+0.1 v
VRer(-) Voltage, Bottomn of Ladder Measured at Ref(—) —0.1 0 \
Iin Comparator Input Current fo= 640 kHz, (Note 6) -2 +0.5 2 pA

Electrical Characteristics

Digital Levels and DC Spectfications: ADC0808C. 4.5V<Vee<5.5V, ~55°C<Ta< +125°C unless otherwise noted

ADCO0808CCJ, ADC0808CCN, ADC0808CCV, ADCO80SCCN and ADCOB09CCYV, 4.75< Ve <5.25V,

lass otherwise noted -

—40°C<Ta< +85°C un-

Symbol l Parameter - L Conditions Min Typ | Max l Units

ANALOG MULTIPLEXER

loFF(+) OFF Channel Leakage Current . | . Vg =5V, Viy=5V,
Ta=25°C 10 200 nA
Tmin o Tiax 1.0 pA

lorF(-) OFF Channel Leakage Current Vee=5V, Vin=0,

X . Ta=25"C -200 ° -10 nA

TMIN tO Tmax -1.0 uA

2-52
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Electrical Characteristics (continueq) . :

less otherwise noted

Digital Levels and DC Specifications: ADC0808CJ 4.5V<Vc<5.5Y, —55'CSTA§+125'Q unless otherwis:
ADC0808CCJ, ADCO808CCN, ADC0808CCV, ADCO80SCCN and ADCO80SCCY, 4-75SVccS5-25V? —40°CSTAS +B§fC'Qp-

e noted

t -

L1 _

Symbol | Parameter Conditions Mn | Typ | Max | -units
CONTROL INPUTS
Ving) Logical “1" Input Voltage Veg—1.5
Viney Logical “0" Input Voltage - 15
NG Logical “1" Input Current Vin=15V . - o pA
(The Contro! Inputs) ) .
hineoy Logical "0" Input Current Vin=0 -1.0 BA
(The Control Inputs)
e Supply Current : foLk =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT) )
Vout() ' Logical “1" Output Voltage lo=—360 uA Vee—=04 v
Vourtey | Logical “0” Output Voitage ~ lo=1.6mA T T 0.45 v
I Vour Logical “0" Output Voltage EOC lo=1.2mA ' 0.45 v
; louT TRI-STATE Output Current Vo=5V .3 T pA
. Vo=0 -3, -' RA
Electrical Characteristics
' Timing Specifications Vee=Vrer(+)=5V, VREF(—)=GND, t=t;=20 ns and T5 =25"C unless otherwise noted.
|; Symbol Parameter Conditions . Min Typ Max Units
! tws Minimum Start Pulse Width (Figura 5} 100 200 ns
| twaLe Minimum ALE Pulse Width (Figure 5) -1 100 200 ns
: ts Minimum Address Set-Up Time (Figura ) 5 i 25 50 ns
| tH Minimum Address Hold Time (Figure 5) A 25 50 ns
o Analog MUX Delay Time Rg =00 (Figure §) 1 b D) 2.5 uS
From ALE
tH1. tHo OE Control to Q Logic State C =50 pF, Ry =10k (Figure 8) 125 250 ns
t4H. ton OE Control to Hi-Z CL=10pF, R =10k (Figure 8) * . 125 250 ns
te Conversion Time fe=640 kHz, (Figurs 5) (Note 7) 90 100 116 nS
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2uS Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cout ‘TRI-STATE Output At TRI-STATE Qutputs, (Note 12) 10 15 pF
Capacitance
Note 1: Absolute Maxi Ratings indi limits beyond which damag tomodovicomayoear.DCandACeloctdcdspodﬁcaﬂonsdono(appfywmnopmﬁng

the device beyond its specified operating conditions.
Note 2: Alt voitages are d with respect to GND, uniess othewise specified.
NotoszAzomrdlodoc:dst:.lmomully.fromVoctoGNDCndhnnypicalbreakdownvmoHVoc..

4.900 Voc over Initial and loading.

tages can be adj 10 achieve this. Sde Figure 13.

tte temperttre dependence (Figure ). See paragraph 4.0.
mnmmamaummmmmwmnmwam
Nate & Human body model, 100 pF dk 9 ugh a 1.8 k)

Non‘:Twoonchdbduucb’odtouchnnaloglnputwhicﬂuﬂl1omudcondueﬂormabqiwvolhgnon-diodadropbcmqmundoramdiodadmp
wmmmmvmnmw.mlmlﬂowl100mV'orwudbluoIoilnordodo.ThjsrnunsMuIonqumcanllogvmdounotucmmosupmyvom.
bymmmm100mV.moompmeodowbocorroc!.Tolcﬂwomlbmmovocbsvockmmgomngowilmmloramm-mirm:nmwpplyvoluqool

Note §: Totat f d error includes offset, full-scale, linearity mmw“mSuFigLnaNomofmnuAIDsreq;kuuzmaMlm.m;usL
However, it an all zero code is desired tor an analog input other than 0.0V, or i a namow tull-scale epan exists (for example: 0.5V to 4.5V (full-scalg) the reference

Note ¢: Comparator input current is a bias current into or out of the ch D fized Th-bhscunemnﬂndhcuvamclockfmtammdhu
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ADC0808/ADC0809

Functional Description

Muiltiplexer. The device contains an 8-channel single-end-

ed analog signal muitiplexer. A particular input channel is

selected by using the address decoder. Table | shows the

input states for the address lines to selact any channel. The

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

sition of the address latch enable signal.
TABLE!

SELECTED
ANALOG CHANNEL

INO
IN1
IN2
IN3
IN4
INS
IN6
IN7

ADDRESS LINE

TIXXrrrrj0o
LIrrIITrer
TrIrITrIri>»

CONVERTER CHARACTERISTICS ™~ *

The Converter "~~~ - _—

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 conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 258R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive trus.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity; which guarantees no missing digital codes.
Monotenicity is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be.catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voitage. .

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The ditference in these resistors causes the
output characteristic to be symimetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 1, LSB --
and succeeding output transitions occur every 1 LSB later
up to full-scale. ) o

The successive approximation register (SAR) performs 8 it---~|
erations to approximate the input voitage. For any SAR type
converter, n-iterations are required for an n-bit converter,
Figure 2 shows a typical example of a 3-bit converter. Inthe |
ADC0808, ADC0809, the approximation technique is ex- |
tended to 8 bits using the 256R network. B A

CONTROLS FROM S.A.R. 3
- I . rd j . ;
: AEF(H) O " i ‘ ;
. . : . -k
.. A .| %A - 3
f R \— . i i:'
- - \ . L] L] -, -
- . ' . .
R
. R . . N—— >
L3
- 256R .5 N . . > COMPARATOR '
M INPUT
y: R A L
R
Y . L] -
R . . . 5
™
. . 2
= i
5 N~— 1
> K
P U 4
REFL-) O ‘ TUMH/S672-2 :
FIGURE 1. Resistor Ladder and Switch Tree 1
i
. 1
i

ARG o 8:4 <
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. Functional Description (continueq)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) puiss. The convarsion i3 begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input. If used in this
mode, an external start conversion pulse shouid be applied
after power up. End-of-conversion will go low-between 0
and 8 clock pulses after the riging edge of start conversion.
The most important section of the A/D converter is the
comparator. it'ls this section which is responsible for the
ultimate accuracy. of the entire converter. it is also the

]
e FULLSCALE
IDEAL CURVE

~< ERROR=1/2LS8

=~ NONLINEARITY = 1/2 LS8

A.ID QUTPUT CODE

NONLINEARITY = ~1/2 LS8 . . =

ZERO ERROR = ~1/41S8. %' ' .
008

1B 28NN SR BN
VIN AS FRACTION OF FULLSCALE

Vin

FIGURE 2. 3-Bit A/D Transfer Curve -

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-
verter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the antire A/D converter extremely
insensitive to temperature; long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
" PERFECT CONVEATER
110 12 Lss IBEAL 3-B1T CONVERTER
w ToTAL_, DX
8 101 | UNADIUSTEDT,
.ERROR
5 190 o8 | -1158
£ ABSOLUTE
3 o ACCURACY
S e —121s8
QUANTIZATION
oot ., ERROR .
Vin
O3 12 28 38 40 A AN
VN AS FRACTION OF FULLSCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE
QUANTIZING | diin - - ] |
ERAGR U :
INPUT oV ’ 3 . TN
VOLTAGE SCALE
’ # T Tunrsere-a
FIGURE 4. Typical Error Curve
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ADC0808/ADC0809

Connection Diagrams ¥ Y SR
' Dual-In-Line Package ° -~ - Molided Chip Carrier Package
e - T <o : , )
WS 282 . g§889LLL
Ne=l2 . T 27Nt . . | :
S N osl-mo - 2524 23 22 2120 19 )
. - . B _ b e [ o=4 .
~ Fa “ “UINg—44 - 25 "'A_DDA . . Mo —2¢ . - 18 2-.- . .
Tt s L dbeaos Mgy LT
re & START:- s,. 2 —ADO ¢ o —; . IN2 23 ‘ “.' . 16 —VR?(-)
eoc~{7 2b-ME . s L. W A5 ‘2_7~ -
R .l I 21f-2"'usg - _: Motz o0 - 14—
GUTPUT BABLE ]9 20f=272" - " N5 —3 13~ GND
cLock—J10 19f—2"3 NE—14 12{~ Vper (4)
Dl = 182t L-;’ ; : : : ‘l° 1t
v Ve (#) 172785 : .
o0 V()2 5 ) E5E8T. 958
GND—413 16 —vm_(-) o n =3
2714 15}-27¢ \ -
- P TUmrseT2ci . - .
Order Number ADCO808CCN, ADCO809SCCN, . . ) N S TUH/S672-12
ADCOB08CCJ or ADCOB0BCS ~ ~ Order Number ADC0808CCV or ADC0809CCY
See NS Package J28A or N28A M y See NS Package V28A :;:
oW —— e e e e - . B

Timing Diagrami ~ ' - =

S
aLe mjz_ 0%
Ty S X v g 7
STASLE ABORESS
AOCALSS E{ {5:
ssas Y e '
S
COMPARATOR S—
{INTERNAL :l:’l‘; 7
T o—]

Jurpyr ' \
ENABLE

TPUTS TRISTATE
) - :—

FIGURE 5
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Typical Performance Characteristics

15 r - ] .
fo= 1200 kN2 Ta=85°C
1
T 05 A/A/ A Ta=25°C —\
3 . 4 =
= . g T = 840 kHz 2 . N
LT LT
$ s . d - £
s " =4 | .. - Ta=—40°¢
i -1 fe = 1200 kHz ; '
} .
; -15 0
0 125 25, a8 5 0 125 25 178 5
Vin V) iy
FIGURE 6. Comiparator iy vs Viy ~ FIGURE 7. Multipiexer Roy vs Vin
. Vec=Vrer=5V) . . (Vec=VRer =5V)
TRI-STATE. Test Circuits and Timing Diagrams .
tims thy tin, CL=10 pF 1, O =50 pF
Vee i t
Vee o 90%
ouTPUT
ENABLE so% .
B 1oy fion
ouTRUT
tase @] ¢ \ ——| 1 "H
€L 10k Vou 0% o
I oUTPUT
- = = Cupr R o) A -
toms tho ton, CL=10pF” - tuo, CL =50 pF
Vee Veo 4 4
v
T T3
ouTPUT .
T Y ENABLE 50% 0%
GND ﬁ“ ) 10%
™ o
2::"2: e [=—tou tHE:
o Vee ) |
I‘ . ouTPuT /— 50%
— = vgp —————3" 1%
FIGURE 8

TU/H/S672~5

TI/H/5872-8
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ADC0808/ADC0809

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCO0809 is designed as a compiete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a.percontage of full-scale-which
is not necassarily related toan absolute standard:.The volt-
age input to the ADC0808 isexpressed by. the equation -

Vin Dx
Vis=Vz Dmax—Dwmin
Vin=Input voltage into the ADC0808
Vig = Full-scale voitage
Vz=2Zero volfage '
Dy =Data point being measured
Dmax =Maximum data limit
Dmin = Minimum Qatadimit

A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voitage which is a ratio of
the full-scale voitage across it. Since the data is represent-
ed as a proportion of full-scale, reference requiresments are
greatly reduced, eliminating a large source of error and cost

" for many applications. A major advantage of the ADC0808,

ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connaected directly into
the multiplexer inputs, (Figure 9).

m

. -

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional refationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scale
voltage to the standard volt For example, if
Vec=Vaer=5.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step is 1 LSB
which is then 20 mV. -

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are con"npared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref(+), shouid not be more positive
than the supply, and the bottom of the ladder, Ref(~),
should not be more negative than ground. The center of the
ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel
switches to P-channel switches. Thesa limitations are auto-
matically satisfied in ratiometric systems and can ba easily
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply. must
be trimmed to match the reference voltage. For instance, if
a 5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

T Vee
l L.. REF(+ nsy
—
S0 In?
< . DIGITAL
. ¢ QUTPUT
e Syt PRGPORTIONAL
. TO ANALOG
° NeyT
*
R . g
.V v
REF(-) Lss Ogurs b w N
1 [ ano U= Vrer ~ Veo
@ _L 475V sVoo = Vaer 525V
= ADCOR08 * Ratiometric transducers

TL/H/S872-7

FIGURE 9. Ratiometric Conversion System
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i Applications Information (Continued)
i The ADC0808 needs less than a milliamp of supply current

i ;0 developing the supply from the reference is readily ac-

i omplished. In Figure

S ———— S e s

17 a ground referanced system is
shown which generates the supply from the reference. The
suffer shown can be an op amp of sufficient drive to supply
e milliamp of supply current and the desired bus drive, o if
2 capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LLM301 is overcompensated to insure stability when
1oaded by the 10 pF output capacitor. .

The top and bottom ladder voltages cannot. exceed Voo
and ground, respectivaly, but they can be symmetrically less
than Ve end greater than ground. The center of the ladder
voitage should always be near the center of the supply. The
sensitivity of the converter can be increased, fi.e., size of
the LSB steps decreased) by using a symmaetrical reference
system. In Figure 13,2 2.5V reference is symmetrically cen-
tered about Voc/2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the LSB
bit to be haif the size of a 5V reference system.

AAT
/'
vee
SUPPLY Vee S
- N ms8
VRef REF(+) DIGITAL
d ouTAUT
ouT REFERENCED
O— 7 T0
Vig {O—1 ¢ GROUND
L]
O—41,8
REF(-) LS8
Y 7, X & - AT
» GNOD Qour = -V;-E;

FIGURE 10. Ground Referanced

ADCO203 475V < Ve = VRer <5.25V

Conversion System Using Trimmed Supply

Vee
‘?’ 5 nsg
DIGITAL QUTPUT
Vaer [~—-9 ReF] gout REFERENCED TO
REF(+} O—{ lo7 GROUND
Vin { O— §

o ind Vin

1—- REF(-) Lss Qout = Jrer

@—=1 GNOD 475V < Vg = Vagr $ 5.25V

ADCO08S

TL/H/5672-8

FIGURE 11: Ground Referenced Conversion System with
Reference Gensrating Voc Supply
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Applications information (Continued)
. 10-15vpe

1080 pF

Vee - -
REF(+)

REF{~)

FIGURE 12, Typical Reference and Supply Clrcuit

sv-
N Ra i >
\  Vee
4 215V neF n?s‘x
914 . Se {7
b3
LM138 .
i YA £ DIGITAL 0UTPUT
N M6 PROPORTIONAL TO
% Sour ANALOG INPYT
A 125V< vy < 175V
914 . 'g
22V ] werio)
25v s e | _
REFERENCE Rg 5 Lss
GND As=Ry -
“Ratiometric transducers
(s 2 /). TL/H/5872-9
FlGURg_.Ja. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS
The transition between adjacent codes N and N+ 1 is given The dynamic comparator input current is caused by the peri-

by: #
N 1
Vin= { (VRer(+)~VRer(-) [Es-*m] tV’rus} +VRer(-) 2
The center of an output code N is given by:
N.
VIN{(VREFU-)"'VNEF(—))[E] 2V‘rus} +Vagr(-) @)=

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

Vin— -
N= N Vaer, X258+ Absolute Accuracy
VREF(+)~ VReF(-)
.

where: Vi = Voltage at comparator input . -
VREF(+ )= Voitage at Ref( +)
VREF(— )= Voltage at Ref(—)
Vrug =Total unadjusted error voitage (typically
VREF(+)+512)

4

1

odic. switching of on-chip stray capacitances, These are
connected altemately to the output of the resistor ladder/
switch tree network and to the comparator input as part of

the operation of
The average val

the chopper stabilized comparator.
ue of the comparator input current varies

directly witl? clock frequency and with Vin as shown in Fig-

ure 6.

If no filter capacitors are used at the analog inputs and the

signab source impedances

are low, the comparator input

current should not introduce converter grrors, as the tran-

slent created by

the capacitance discharge will die out be-

fore the comparator output is strobed.

If input filter capacitors
signal conditioning they

are desired for noise reduction and
will tand to average out the dynamic

comparator input current. it will then take on the character-
istics of a DC bias current whose effect can be predicted

conventionally,

a

il

ity
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Typical Application

ADDNES -
BETOOE
(ADA-AD1S)*-

*Address latches needed for 8085 and SC/MP interfacing the ADCO808 to a microprocessor

_I INTERRUFT
500 kHz =] CLK Tooe
5.000V—{ Vaeri) £0c INTERRUPY
0.000V —~{VReF(-)
- p—p 087 M8
START 22—t 088
ALE 2-1p——p 085 -
. 2~4—> D24
AD0—{ A 2-§ ——> 083
AS1—-B :33:,% -8 p——p 082
an2—{c 7-1 p———p> 081
SRS -——pon0 - 158
v sumYT
Vee . T Vind ..
GND P
. g5V
GROUND = . - ANALOG
: 5 INPUT RANGE
7 A - . b, .
i AL W 't lmg=vind C -/

© TLM/S672-10

. - -~ MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
- { 8085 RD WR INTR (Thru RST Circuit) -,
.| z8o0_ RO - WA z TNT (Thru RST Circuit, Mode 0)

SC/MP NRDS . | NwDs SA (Thru Sense A)
6800 VMAed2eR/W- | VMAedeR7W | THOA or IRGE (Thru PIA)

Ordering Information i y

TEMPERATURE RANGE —40°Cto +85°C ~55C to +125°C
Emor |_% V2 LSB Unadjusted | ADCO808CCN ADC0808CCV ADCO0808CCJ ADC0808CJ
+1 1.S8 Unadjusted ADC0809CCN ADC0809CCV
Package Qutline N28A Molded DIP V28A Molded Chip Carrier J28A Ceramic DIP J28A Ceramic DIP
2-61
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LM117/LM317A/LM3 17

&National Semiconductor
3-Terminal Adjustable Regulator .
General Description ) ) .
The LM117 series of adjustable 3-terminal positive voltage.  the adjustment terminal to ground which programs the out-
regulators is capable of supplying in excess of 1.5A overa  putto 1.2V where most loads draw iitdte current,
1:2V to 37V output range. They are exceptionally easy to g, applications requiring greater output current, see LM150
use and require only two externaj resistors to set the output series (3A) and LM138 series (5A) data sheets. For the neg-
voltage. Further, both line and load regulation are batter ative complement, see LLM137 series data sheet.
than standard fixed regulators, Also, the LM117 is packaged
in standard transistor packages which are easily mounted LM117 Series Packages and p ower Capabiiity
and handled. . . Rated Design
In addition to higher performance than fixed regulators, the Par;:l;;\;ber Package Power Load
LM117 series offers full overioad protection available only in Dissipation | Current
IC’s. Included on the chip are current fimit, thermal overload K TO-3 ] 20W 1.5A
protection and safe area protection. All overload protection y
circuitry remains fully functional even if the adjustment ter- H T0.39 2w 0.5A
minal is disconnectsd, T TO-220 20w 1.5A
Normally, no capacitors are needed unlass the device Is E Lee - 2w 0.5A
situated more than & inchas from the Input fiter capacitors S TO-263 .o AW 1.5A
in which case an input bypass is needed. An optional output X
capacitor can be added to 'mprove transient response. The Fe -atu res &
adjustment terminal can be bypassed to achieve very high __ LN | e, .
fipple rejection ratios which are difficuit fo achieve with stan- W Guaranteed 1% output voltage tolerance
dard 3-terminal regulators. W= mees (LM3174) ]
Besides replacing fixed regulators; the LM117 s usefulina W Guaranteed max. 0.01%/V fine regulation
wide variety of other applications. Since the regulator is (LM3174) !
“floating” and sees only the input-to-output ditferential volt- 8 Guaranteed max. 0.% load regulation
age, supplies of several hundred volts can be requlated as (LM117)
fong as the maximum input to output differential is not ex- B Guaranteed 1.5A output current
ceeded, i.e., avoid short-circuiting the output, B Adjustable output down to t.2v
Also, it makes an especially simple adjustable switching reg- W Current limit constant with temperature
ulator, a programmable output regulator, or by connectnga w-p+ Praduct Enhancement tested
fixad resistor between the adjustment pin andAoutpt.r.t_. the _ B 80 dB ripple rejection
LM117 can be used as a precision current reguiator. Sup- R Output is short-cireuit protected
plies with electronic shutdown can be achieved by clamping - . p o
Typical Applications.
1.2V-25V Adjustable Regulatgr Digitally Sejected Outputs
iy o . . LM117
28v Vi Vour| 13 17 7 \ 7
Vin 2 N A0S Vour N N g 0ur our
Rt Rt
240 2
cr= hdl EpY . ® PN
0.9uF L tuF ) L
5k :
= TL/H/8063-1
Full output current not aveilable et high input-outpet voitages
*Needad if device is more than 6 inches from filter capacitors, ® ' ® ] @ l ¢ ‘
*Optionak—improves transient Fesponse. Qutput capacitors in the range of - \ , 1
1 1F 10 1000 uF of alumi or ta i are y used -
10 provide improved o;tput imped; d and rej of tr, INPUTS TUM/9083-2
ttVour = 1.25v ( 1+ F) + lagy(Ry) *Sets maximum Voyr
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Absolute Maximum Ratings (Note 1)

It Mllitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales -
Office/Distributors for avallablllty and apeclﬂcatlons.
(Note 2) .. e

Power Dissipation . Internany Limitad
Input-Output Voltage Dnﬂerenhal + 49V, ~0.3V
“Storage Temperatura o

~65°Cto +150°C

Lead Temperature - : .
3oo*Cc -

Metal Package (Soldering, 10 seconds)
Plastic Package (Soldering, 4 seconds) 260°C
ESD Tolerance (Note 5) : T 3kV

Electrical Charactenstics .

Operatlng Temperature Range

- LM117 . —55'C<Ts;< +150°C
LM317A —-40°C £ T5< +125°C
im317 ~ - 0C ST < +125C

_ Preconditioning

Thermal Limit Burn-in

Specifications with standard type face are for Tj = 25°C, and those with boldtace type apply over full Operating Tempera-

ture Range. Unless otherwise specified, Vi — Vou-r = 5V, and loyt =

10 mA. (Note 3)

All Devices 100%

L Parametet_ p COndltlons . = LM117 (Note 2) Units
Min Typ Max
_Reference Voltage . v
) o | 8V (Vin—Vour) <40V, v
) 10 mA < louT < 'MAx. Pe PMAX 1.20 1.28 1.30 -V
Line Regulation 3V < (Vi = VouT) S 40V (Note 4) 0.01 0.02 %IV
. i - 0.02 0.08 %/V
Load Regulation’- . - —. - 10mA < lour < Imax (Note 4) . . 3 . 0.1 0.3 %
0.3 1 %
Thermal Regulation 20 ms Pulse - 0.03 0.07 %/W
Adjustment Pin Current 50 100 }:.A |
Adjustment Pin Current Change 10mA < oyt < Imax 0.2 s pA
. 3V < (Vin — Vout) < 40V i
Temperature Stability Tuin < Ty < Tmax : 1 %
Minimum Load Current (Vin = YouT) = 40V 3.5 5 _ . mA
Current Limit __ " (Vin — Vour) € 15V . i T
K Package 1.3 - 2.2 3.4 A .-
H, K Packages 0.5 0.8 1.8 A
(Vin — Vour) = 40V
- K Package . 0.3 0.4 ; A
H, K Packages 0.15 0.2 A
RMS Output Noise, % of VoyT 10Hz < 1 < 10kHz 0.003 %
Ripple Rejection Ratio Vour = 10V, = 120 Hz,
63 d8
- Capy =0 pF
Vout = 10V, f = 120 Hz,
Caoy = 10 uF LT 80 ds
Long-Term Stability T, = 125°C, 1000 hrs 0.3 1 %
Thermal Resistance, K Package g 23 3 ‘C/W
Junction-to-Case H Package 12 15 ‘C/W
E Package *‘C/W
Thermal Resistance, Junction- K Package 35 ‘C/W
to-Ambient (No Heat Sink) 1| HPackage 140 ‘C/W
E Package ‘C/W

. 121
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LM117/LM317A/LM317

Electrical Characte

Specifications with standard type face are for Ty = 25°C, and those with boldfacs
ture Range. Unless otherwise specified, Viy — Vour = 5§V, and loyt =

ristics {Continuad)

type apply over
;10 mA. (Note 3) R

5

tull Operating Tempera-

P

LM317

Parameter Conditions LM317A Units
. Min Typ Max Min | Typ | Max .
Reference Voitage 1.238 | 1.250 | 1.262 b \
3V < (Vin = Vour) < 40V, ' i
B 250 1, 20| 1.2 .
10 mA < lour < luax. P < Priax 1.225 | 1.28 1.270 | 1.2 5! 1.30 v
Line Regulation 3V < (Vin — Vour) € 40V (Note 4) 0.005 0.01 0.01 | 0.04 | %/V
0.01 0.02 0.02 | 0.07 | %/V
Load Regulation 10 mA < lgut < IMax (Note 4) 0.1 0.5 01 | 05. | %
" v ’ 0.3 1 0.3 . 1.3 %
Thermal Regutation 20 ms Pulse . 0.04 0.07 . 0.04 | 0.07 | %/W
AdjustmentPin Current | 80 | 100 50 | 100 | pA
Adjustment Pin Current Change | 10 mA < louT < Imax ... . . . . - L .
3V < (Vin = Vour) < 40V i N\ DS et
Temperature Stability TMmIN £ Ty < Tumax 1 1 %
Minimum Load Current (Vin = YouTt) = 40V ) 3.5 10 3.5 | 10 | mA_
Current Limit - | Min = Vour) S 15V - .
K, T Packages 1.3 2.2 3.4 4-% 2.2 3.4 A H
) - H, P Packages T 0.8 0.8 18 [ 0508 |"18 | A
{(Vin = Vour) = 4ov
- K, T Packages - T 0.15 04 0.15-1 -0.4 ..
. H, P Packages 0.075 0.2 0075702 (-~ =
RMS Output Noise, % of Vout [ 10 Hz < f < 10kHz 0.003 0.003|:"" ..
Ripple Rejection Ratio Vout = 10V, f = 120 Hz, 65 es |
Capy = O uF i
. Vour = 10V, f = 120 Hz, ) | -
sl 3% 10 uF (-1.] 80 1.} ] 80
Long-Term Stability T = 125°C, 1000 hrs 3 0.3 1 03 | 1.
Thermal Resistance, Junction- | K Package 23 3 ‘C/W
to-Case H Package L 12 15 12 15 |C/w
T Package 4 5 4 ‘C/W
P Package ' ‘C/W
Thermal Resistance, Junction- | K Package " 35 35 *‘C/W
to-Ambient (No Heat Sink) H Package 140 140 *‘C/W
" T Package 50 50 *‘C/W
P Package (Note 6) - 50 *C/W
Note 1: Absolute Maxi Ratings indi limits beyond which damags to the device may occur. Operating Ratings indicate conditions for which the device is

ded to be functi but do not g

per
The guaranteed specifications agply only for the test conditions listed.
Note 2: Refer to RETS117H drawing for the LM117H, or the RETS117K for the LM117K military specifications,

- Note 3: Although power dissipation is int
TO-3 and TO-220. Iyax is 1.5A for the TO-3 and TO-220 packag;

limits. For g

emally limited, these

"

ns are

guaranteed to National’s ACQL (Average Outgoing Quality Level).

Note 4: Regulation is measured at a

[ P using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are

under the 3 for

Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor,

Note 6: If the TO-263 package Is used, the thermal resi

IZC/W,

for power
s and 0.5A for the TO-39 package. AX limits (i.e.,

stance can be reduced by increasing tha PC board copper area th y
0.5 square inches of copper area. Ofm is S0°C/W; with 1 square inch of copper area, 8, is 37’C/w; and with 1.6 or more square inches

to the

specifications and test conditions, see the Electrical Characteristics.

of 2W for the TO-39 and 20W for the _ .
the numbers in the Min. and Max. columns) are

ge: Using .
of copper area, 84, is H

Ay .




Typical Performance Characteristics
Output Capacitor = 0 uF unless otherwise noted

RIPPLE RESECTION (48} INPUT-CUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (X)

QUTPUT IMPEOANLE (n}

L.oad Regulation Current Limit

[3] l [ . 3
8 it lan = &
: 2 F=A\l T.8K ]
-2 + s 2 =\ PACKAGE DEVICES
I tor = LN £ 7 ) | |
a4 l 3 Y= 155 t,=l-5s-c
. o ;
-08 2 11 2
15 A DY
vm-uvI p H 2 ~~<
R T
oyt sy
- H Pm K!m
Ry ol
~79 =80 25 3 .25 S0 15 100 125.150 [] 10 a ] L ]
- TEMPERATUAE °C) INPUT=QUTPUT DIFFERENTIAL (V)
Dropout Voltage = Temperature Stability
e T T 7 1280
avgyr = 100 mV
| ‘s ’
25 > w 1.250
| a N
. oy = 154 < L~
ﬁ\\l\\ w' _'/u E o N\
- >
1 = Sl > 1240 g
P |.'., - 500mA -
™~ 2
o Lll 1
T %\ grom
.8 L [ ’ 1220
-75 -58 -2§ 8 2§ 50 75 100 125 158 -71% -0 -25 8 25 50 7% 108 !15 158
TEMPERATURE Q) TEMPERATURE °C)
Ripple Rejection Ripple Rejection
108 T—T 10
Capy® I8F | [ton= s
B r— Capy= 16F Vin® I8V
" =r % vour = 1ov
Lo, 1y T aee
ADS* i® -
“ -~ R VP NI AN
J gy L \
a & 4 p— N\
Vm-Vggr =5V % E \\
-~ . £ :
28 mnm < 20 . \
Tj=3%5'c -
8 L 11 ] [
q H 18 15 W 28 W X 19 i1 1 1" 1008 ™~
OUTPUT VOLTAGE (V) FREQUENCY (H2)
Output Impedance Line Transient Response
15
SRR
w0 € * 16F: Cagy * 10uF
=§ s L\
33 . SL=®Capstd N
ek P f
£2 -o5 -Yourstev
aa oyt = S0 ed
S - Fyest
KT}
wE g
53
Bz ™
. > 9
1e 1 13 [ 1] u L} 1 k. 3 [}
FREQUENCY (He) N TINE )

ADJUSTMENT CUARENT (uA)

QUIESCENT CURRENT (mA]

QUTPUT VOLTAGE
DEVIATION (V)

LOAD CURRENT (A}

ill!?lf REJECTION (48}

Adjustment Current

“
| gt
5§ P
" /]
S
4
@
i l .
8 L
-7 =50 -25 6 25 50 75 168 128 150
TEMPERATUAS (*D)
Minimum Operating Current
4
[
15 YT !1' /
[ Cu7
10 v v 2
2 /If-urc
u
- =
18 oy )
'8 A T T 25°C
(] T IL ’
A !
a 18 ] w .o«
1MPUT-0UTPUT DIFFERENTIAL (V) *
Ripple Rejection
100
Al {
" W * 106
AN ““l
[} ~
l QU
L] !
Vig © 15V
Vour= 1V
. ‘r-vzlm -+ i
=5’ |
q (NN
LT)] (R} 1 10
QUTPUT CURRENT (A}
Load Transient Response
3
, -
1 cL-.:c‘N-CA
. L1 4
" €« tuFiCagye I0F| |
1 Vi o 1V
- ') Vour - 1V
-2 Ing = SO mA
L Hewt T
8 [/
" \
0 |
18 i) 1 L]
TIME (o}
TU/H/9063-4
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LM117/LM317A/LM317

Application Hints

In operation, the LM117 develops a nominal 1.25V refer-
ence voltage, Vaer, between the output and adjustment ter-
minal. The reference voltage is impressed across program
resistor. R1 and, since the.voltage is constant, a constant
current 14 then flows through the output set resistor R2, giv-
ing an output voltage of :

R2 :
Vout = Vrer (1 + 51-) +-1apyR2

LM117
Vin  Vour
ADJ r'q
) Vaer QA1
! Vour
laps
b Rz
i TL/H/9063-5
FIGURE 1

Since the 100 pA current from the adfustment terminal rep-
resents an error term, the LM117 was designed to minimize
lapy and make it very constant with line and load changes.

To do this, all quiescent operating current is returned to the 5. W

output establishing'a minimum load current requirement. If
there is insufficient load on the output, the output will rise,

External Capacitors
An i?)put bypass capacitor is recommended. A 0.1 uF dise

or 1 uF solid tantalum on the input is suitable input bypass- _°

ing for almost all applications. The device is more sensitive
to the absence of input bypassing when adjustment or out.

put capacitors are used but the-above vaiues wil eliminate -~~~

the possibility of problems. __ .

The adjustment terminal can be bypassed to ground on the
LM117 to improve ripple rejection. This bypass capacitor--
prevents ripple from being amplified as the output voltage is

increased. With a 10 uF bypass capacitor 80 dB ripple re- --

jection is obtainable at any output level. Increases over
10 pF do not appraciably improve the rippie rejection at
frequencies above 120 Hz, If the bypass capacitor is used, it
is sometimes necessary to include protection dicdes to pre-
vent the capacitor from discharging through internal low cur-
rent paths and damaging the device. .

In general, the best type of capacitors to use is solid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 pF in aluminum electrolytic to equal 1 uF
sofid tantalum at high.frequencies. Ceramic capacitors-are
also good at high frequencies; but some types have a large
decrease in capacitance at frequencies around 0.5 MHz.
For this reason, 0.01 uF disc may seem to work better than
a 0.1 pF disc as a bypass.

Although the LM117 is stable with no output capacitors, like
any feedback circuit, certain valuas of extsrnal capacitance
can cause excessive ringing. This occurs with values be-

tween 500 pF and 5000 pF. A 1 uF solid tantalum (or 25 uF
aluminum electrolytic) on the output swamps this effect and
insures stability. Any increase of the load capacitance larger
than 10 puF will mersly improve the loop stability and output
impedance. .

Load Regulation s =
" The-LM117.is capabie of providing extremely good load reg-
.ulation but a few precautions are needad to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
_ally 2400) should be tied directly to the output (case) of the
regulator rather than near the load. This eliminates line
drops from appearing effectively in series with the reference
and degrading regulation. For example, a 15V regulator with
0.050 resistance between the regulator and load will have a
load regulation dus to line resistance of 0.050 X I !f the
set resistor is connected near the load the effective line
resistance will be 0.05Q (1 + R2/R1) or in this case, 11.5
times worse. -

Figure 2 shows the effect of resistance between the regula-
.= tor and 2400 set resistor. .

-
.

Mty - -

Vin—{Vin Voyr

~Vour
ADJ :

" e v “' -
29

i B . TUH/9063-6
.- .. FIGURE 2. Regulator with Line Resistance
el ‘in Qutput Lead X
With the TO-3 package, it is easy to minimize the resistance
from" the case to the set resistor, by using two separate
leads to the case. However, with the TO-5 package, care
should be taken to minimize the wire length of the output
lead. The ground of R2 can be retumed near the ground of
the load to" provide remote "ground sensing and improve
load regulation.

Protection Diodes

" When external capacitors are used with anyIC regulator it is
sometimes nbcessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the reguiator. Most 10 pF capacitors have low enough

- intemnal series resistance to deliver 20A spikas when short-
ad. Although the surge is short, there is enough energy to
damage parts of the IC..

“When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will dischargs into
the output of the regulator. The discharge current depends
on the value of the capacitor, the output voitage of the regu-
lator, and the rate of dacrease of Viy. In the LM11 7, this
discharge path is through a large junction that is able to
sustain 15A surge with no problem. This is not true of other
types of positive regulators. For output capacitors of 25 uF
or less, there is no need to use diodes.
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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. Internal to the
LM117 is a 50Q resistor which limits the peak discharge

current. No protection is needed for output voltages of 25V
or less and 10 uF capacitance. Figure 3 shows an LM117
with protection diodes included for use with outputs greater
than 25V and high values of output capacitance.

Voutr = 1.25V(1 '4'-:—?) + IapsR2

i D1 protacts against C1

— ., D2 protects against C2
TUH/9063-7
FIGURE 3. Regulator with Protection Dicdes -
Schematic Diagram - - - .
” ) ) ~ Sm ) - "
M n m . " o Sin iozp

o e
<
'.EC' [~} o ! <
. 1
=
v <
m " 1
» 124 [ 1] 3
A9
a =
83
v o o7 an I|}q
a a
e MO S Rt S Rig
k] MmYinsSn AAA
s
T4
ue 3
< < < Wt
VA~
wa
T./H/9083-8
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LM117/LM317A/LM317

Typical Applications (continued) R N

e e P B S I PP . L o
5V Logic Regulator with Electronic Shutdown*™ .* * Slow Turn-On 15V Regulator - o
Lt B - LM"" -t Lt B . . . M7 o 3 . A .. St e,
. Vv Vour] ouT v Vin  Vour Vour
Vi V-3V N 0 5 mI A0S W
- . el c2
) I .4uf
€2 ' " . 1N4002
— LIF . -
AA— FTL -
'y -
*Min. output = 1.2V TL/H/9063-~3 TL/H/9083-9
Adjustable Regulator with Improved = "+ "™ : " High Stabliity 10V Regulator
Ripple Rejection M7
LM112 . v v
o W IR
Vin Vin  Vour F. ® ADJ LR
ADJ
e s o= N2 L R I~ ;.,--—::1‘,“F . -
4S5 1N4002 ~9. "2
j‘._ 01uF i + . j_-_ 4 1.5
. . c3 C3 1%
= I ey
o 5 - .
ct </ . ; .
P omEeS SR % L\ L § .
Lig . 3 " " L
.:: . - .4 . IS
tSold tantalom; =T Tt
“Discharges C1-if output is shorted to ground~ __L ®
P f -~ ,--w':-"—s{ F o2 el el = ‘
a4 bt N N ) W TL/H/9063-11
) R A e : , ! .
: 5T WA ) . -
3 . . B ! N -y - - e * amt
- . \\.. o High Current Adjustable Regulator - o
) o 3-LASSIN PARALLEL '
A SR> g o,
: i : RI ¢
. 580 " & 4 .
o — AAA
» - A A A s
LM117
Vin v v PN °
N ags our Vour
< A4
S 120 1N4882
1 +
> . €3
auft
> 4t
/S +
4 T 18uF
R +Solid tantalvm
3 TUH/9063-12
' *Minimum load curtent = 30 mA
$Optionsl--improves rippie rejection
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Typical Applications (continued)

7 9 to 30V Regulator PR
%117

Vour
ADBJ

vin

5A Constant Voﬂage/Conqéit

O

M52 ’

Ty 0.1uF
e = . .t
. 5k .
'I"-: LM113
e 12v “ N L
Full output cuent.not avall- '
able at high input-cutput volt. R3
faes L TR T S Nl WL S A s
-1V
e T A A O
! y 'V, - e i %
. . s} - o el

Power Follower . -..
10v—ov ,,

I.lpf-. "‘::
= |- J

outePuT

R Tt

Vin

M7 Vour
ADS

A2
24

1
B4 - .
X TL/H/9063~14

ERTS P T D e

Sx i
Current Regulator

s

P Rl l
< P €2

Rt LMI17k

.

CURRENT

100 'F—E“‘ = ADJUST

< 250k

3 2% L 8

Vin
ADI

A -tne ;
400
- .
- 1Sofid tantalum .
*Lights in constant current mode
4|

= A A A 4

1]
VOLTAGE
- ADIST

——

TUL/H/9083-15

H
. <

LLEWT/VLIEWT/LH IR
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LM117/LM317A/LM317

Typical Applications (continued)

1A Current Regulator
0]

v Vin Yoyt
S
>

MuF -I- * ¢

1.2V-20V Regulator with

Minimum Program Current

LM$17

Vi Voyr

ADJ

Vin

At
> 1.2k

AAA
v

)

L
/o m
1

TL/H/90683-17

*Minimum load current = 4 mA

Vour

Low Cost 3A Switching Regulator

at

High Gain Amplifier
vt
]
v
war| Y Vour
A0J
a2
24
L
- = Ge—QuTPUT
A1
0
L INPUT —AAA Lm1ss

= TH/ede3-18

M2
(TN
At LMIITR Nz
228
V-3V A A=0— Vin ‘m"ow AV, 1.8V 70 22v
" .A A A ..‘
b A 4
I M Al :
g SR - -
ail, s S OUTIIT p¢ «
m;? I ADJUST 4g . 100uF"
> AV"AV &
‘;Rl
dm 0
- T €3 N3sss - -
308 pF
TSaid tantalum TUH/9063-19
Con—-Amold A-254168-2 €0 tums
l
4A Switching Rogulator with Overicad Protection Precision Current Limiter
3-LMISS IN PARALLEL T . . 112 n
Vin=—d Vin  Vour AAA- -r = %-
J ABy RY
n |
508
282908 AAA *0.80 < R1 < 12002
TUH/9083-21
A2
L1} 0o i Re
»n 2.
"'e AAN—S anv AN ANN~
R
— C} Tl M ——
T~ RS S
4 190 0F Ll seeuH® 1AV 1o 2V
h—{ |—-. s
127
- AAA
W
L 2 —Lc:
1T :
ot e O
o 1380 ronFt
< 4 ne
Sin
= 1Sokd tantaium
*Core-—Amoid A-254108-2 60 tums TL/H/9063-20
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b —

ey L. Current Limited Voltage Regulator N

vm-t.zsv(n:—f)umnz

—
Typical Applications (Continued) -
L i
Tracking Preregulator
R2
120 "
! $ AN~ . E
- Rt
29 M1y
. ADJ A
. Vin v v Vi Vourt v
N our a0) L our
. w7 SR3
B 120 -
) ta
81F 1w W .
>
o outrur
ADJUST

IN QuT £ .
LMI1? .
- - { ADJUST
I AR |
TRANSFORMERS, | X
RECTIFIERS,.* :
AND 1
FILTER =
CAPACITOR | Ry=2R3= 100
| 17
a2
: L. — w2 N/ R3
- 410 C =
)’ v /9083
- Short cicut cutent s approximatety 227, or 120 mA TUHIR083-23
{Compared to LM117°s higher current fimit)
—At 50 mA output onty ¥, volt of drop occurs in Ry and Ry
Adjusting Muitiple On-Card Regulators with Single Control*
LM117
vin—Vin _Vour| Vour  Vin=—Vix- Vourp—vour' vin—{Vin  Vourf—voyrt
ADJ ADJ ADJ
R1 |
120 I
R2:
1%
= *All qutputs within £ 100 mV
4 tMinimum ioad—10 mA TL/H/9063-24
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LM117/LM317A/LM317

Typical Applications (continued)

AC Voitage Regulator
LM317
——iVin  Vour| ®
ADJ

128

4Vp-p

50 mA Constant Current Battery Charger

LM317

24
VouT
ADJ

I

VN e VIN

'le]

TL/H/9063-27
4 \ 7 439 'pw— Adjustable 4A Regulator
02
Vin LM37 AAA
129 ___l
ADJ 02
—d V1N Vour w3 AAA
4317 |
[
. TL/H/9063-25 M7
02
12V Battery Charger Vin ‘mvour AAA~ 4.5V T0 25V
LM31? Ag® |
82
Vin——=dVIN  Vour - 1 Y
ADS Sa
— 150 sk
v‘v‘v—|
TL/H/9083~28 150
'Rs-uuwtﬁ\nh\podIMooldmmmZour-Rs(1 +¥) I >
Use of Rg allows low charging rates with fully charged battery.
TL/H/9083-28
Current Limited 6V Charger
tM317
! v v
IN out
wvraad) A0S

_IOMuF"

*Sets peak curent (0.6 for 102)
**The 1000 uF is recommended to fiiter cut Input
transients

+*

2222

TL/H/9063-29
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Connection Diagrams

(TO-3)
Metal Can Package

ADSUSTMENT Vin

.
CASE IS OUTPUT

TL/H/8063-30
,Bottom View

. . - Steel Package :

Order Number LM117K STEEL
orLM317K STEEL -

See NS Package Number K02A

(TO-39)
Metal Can Package

INPUT
O~w—— ADJUSTMENT

GuTPUT

CASE IS OUTPUT TL/H/9063-31

Bottom View

Order Nun:lber LM117H, LM117H/883,
LM317AH or LM317H .
See NS Package Number HO3A

Order Number LM117K/883
See NS Package Number K02C )\
-l .
(TO-220) (T4-263) Surface-Mount Package
Plastic Package .
: h [ INPUT
TAB IS " k
O GT_E_, Y3 0utPut
e Vm ?
= [T a0s
- . TL/H/9083-35
a4y . TopView b
| T ¢ M
g TU/H/9063-38
Slde View Top View
: Order Number LM317S
Order Number LM117E/883
i See NS Package Numbgr TS3B See NS Package Number E20A
ADS —Vin
Vour
TL/H/8063~32
Front View

Order Number LM317AT or LM317T
See NS Package Number T038
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LM131A/LM131/LM231A/LM231/LM331A/LM331

NNational Semiconductor '

(i . .

LM131A/LM131, LM231A/LM231, LM331A/LM331

Precision Voltage-to-Frequency Converters

General Description :
The LM131/LM231/LM331 family of voltage-to-trequancy

converters are Ideally suited for use in simple low-cost cir- "

cuits for analog-to-digital conversion, precision frequency-
to-voltage conversion, long-term integration, linear frequen-
cy modulation or demodulation, and many other functions.
The output when used as a voltage-to-frequency converter
i8 a pulse train at a frequency precisely proportional to the
applied input voltage. Thus, it provides all the inherent ad-
vantages of the voltage-to-frequency conversion tech-
niques, and is easy to apply in all standard voltage-to-ire-
quency converter applications. Further, the LM131A/
LM231A/LM331A attains a new high level of accuracy ver-

sus temperature-which could only be: attained with expen- -

sive voitage-to-frequency modules. Additionally the LM131
is ideally suited for use in digital systems at low power sup-
ply voltages and can provide low-cost analog-to-digital con-
version in microprocessor-controlled systems..And, the fre-

quency from a battery powered voltage-to-frequency con- =~

verter can be easily channeled through a simple photoisofa-
tor to provide isolation against high common mode levels.

The LM131/LM231/LM331 utilizes a new -temperature-
compensated band-gap reference circuit, to provide excal-
lent accuracy over the full aperating temperature range, at
power supplies as low as 4.0V..The precision timer circuit

has low bias currents without degrading the quick response

necessary” fér 100 kHz voltage-to-frequency conversion.

And the output is capable of driving 3 TTL loads, or a high

voitage output up to 40V, yet is shont-circuit-proof against

Vee. R

Features.. .

& Guaranteed linearity 0.01% max

m Improved performance in existing voltage-to-frequency
conversion applications

o Split or single supply operation ="

& Operates on single 5V supply . RN

8 Pulse output compatible with all lagic forms )

u Excellent temperature stability, +50 ppm/*C max

B Low power dissipation, 15 mW typical at 5V

B Wide dynamic range, 100 dB8 min at 10 kHz full scale

frequency ~

m Wide range of full scale frequency, 1 Hz to 100 kHz ~

m Low cost

Typical Applications
15V evg .
Re .
Bk 1X®
AA
VWA— " e
3 Ry L 7 01450
s uf
\, vy IR0 A ™15 y |
Cinee I
T LiuF 1 LM13t tomstex  © T -
=: o —MWA—> Vg
[ 1 1,
- 18 e
g l . FULLSCALE
L >A 4 2
1uf <'|l~. —_L
1 X 12k 21K "
Rg
(RN
GAIN
ADJuUST
Vg
{OPTIONAL) -
OFFSET ADJUST - =
: o= B, 1 Tuwsesony
209V R RG
‘Uusmmmmmﬁmmm&owmﬂppﬂumncm foeR cos e

**0.1uF or 1uF, See “Principies of Operation.”

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with +£0.03% Typical Linearity (f = 10 Hz to 11 kHz)
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1

[bsolute Maximum Ratings ote 1) - -

Mllltary/Aerospace speclﬂed devices are required, plcaso contact thc Natlonal Semlconductor Sales Ofﬂce/
Distributors for avallabmty and speclﬂcaﬂons )

Supply Voltage ce e TR
Qutput Short Circuit to Ground

Output Short Circuit to Voo

(nput Voitage"

Operating Ambient Temperature Range
Power Dissipation {Pp at 25°C)
and Thermal Resistance (O,A)"“ o

LM131A/LM131 -
40V -
Continuous
Continuous-
—0.2Vto +Vg

Tmin-- TMAX-
—55°Cto +125°C_

LM231A/LM231

-40V

Continuous

" Continuous

—-0.2Vto +Vg

Tain  Tmax-
—25'Cto +85°C _

- TmiN

LM331A/,LM331
. 40V -
Continuous” :
Continuous
- —0.2Vto +Vg
TMax -
0°Cto +70°C

(H Package) Pp 670 mW
8ia 150°C/W -
(N Package) PD - - - 1.25W 1.25W
— A - - —. . -100°C/W . . 100°C/W
(M Package) Pp 1.25W R
oy bua ' 85°C/W oo
Lead Temperature (Soldering, 10 sec.) dooe
Dual-in-Line Package (Plastic) 260°C . _ .. . 260°C . 260°C
Metal Can Package (T 0-5) . + 260°C %
ESD Susceptibility (Note4) 7~ —— o X Iz )
Metal Can Package (T 0-5) 7. == -2000V: - O TPy = =i [ G 3 = -
Other Packages x A o 500V - ' 500V
Electr |cal Char acterlstlcs Ta= 25‘C unless otherwase specified (Note 2) n S
-~  Parameter .- - - . - - .- .Conditions. o Min | - Typ--- Max. - |-~ Units -
VFC Non-Linearity (Note 3) - L 4.5V < Vg < 20V - ; +0.003 +0.01 %-Full-- -
. * Scale
L TMin < TA.s TMAX +0.006 +0.02 % Fuli-
L -, = 17§28 By rsoses s oW i .. " Scale
VFC Non-Linearity ... .. Vs = 15V, t?JO Hzto11kHz __ +0.024 '+0.14 %Fuil-
In Circuit of Figure 1 ¢ b Scale
Conversion Accuracy Scale Factor (Gain) ViN = —10V,Rg = 14 kQ .
LM131, LM131A, LM231, LM231A 0.95 1.00 105 | kHz/V
‘LM331, LM331A . 0.90 1.00 1.10 kHz/V
Temperature Stability of Gain TMIN € Ta € Tpax. 4.5V € Vg < 20V . y- : K
LM131/LM231/LM331 . +30 +150 ppm/°C
LM131A/LM231A/LM331A +20 +50 ppm/*C
Change of Gain with Vg 4.5V<Vg <10V - +0.01 - 0.1 %/V
10V < Vg < 40V 0.006 0.06 %IV
Rated Full-Scale Frequency Vin = =10V 10.0 kHz
Gain Stability vs Time Tmin € Ta € Tmax +0.02 % Full-
(1000 Hrs) Scale
Overrange (Beyond Full-Scale) Frequency | VN = —11V 10 %
INPUT COMPARATOR
Offset Voltage +3 +10 mv
LM131/LM231/LM331 CTmiN < Ta < Tmax t4 +14 mv
LM131A/LM231A/LM331A " TmiN € Ta < Tmax +3 +10 mv
Bias Current —80 —300 nA
Offsat Current ) +8 +100 nA
Common-Mode Range TMin < TA S Tmax -0.2 Vecc—2.0 \
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Electrical Characteristics Ta=25"C unless otherwise specified (Note 2) (Continued)

Parameter l Conditlons ] Mln l Typ l Max Units
TIMER : poE
Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 X Vg
Input Bias Current, Pin 5 Vg = 15V . . .
All Devices OVsVpiy g < 9.9V +10 *100 ‘nA
LM131/LM231/LM331 Veins = 10V 200 1000 nA
LM131A/LM231A/LM331A Veins = 10V 200 500 nA
Vsat PN 5 (Reset) | = 5mA 0.22 0.5 .V
CURRENT SOURCE (Pin 1) ’
Qutput Current Rg=14kQ, Vpy 1 =0 3
LM131, LM131A, LM231, LM231A 126 135 144 KA
LM331, LM331A 116 136 156 HA
Change with Voltage - OVEVpiy 110V 0.2 1.0 RA
Current Source OFF Leakage . )
LM131, LM131A 0.01 1.0 nA
LM231, LM231A, LM331, LM331A 0.02 10.0 nA
All Davices Ta> TMaX 2.0 50.0 nA
Operating Rangs of Current (Typical) (10 to 500) pA
REFERENCE VOLTAGE (Pin 2) - s
LM131, LM131A, LM231, LM231A 1.76 1.89 . 202 Voc
LM331, LM331A 1.70 1.89 2.08 Voe
Stabifity vs Temperature +60 ppm/*C
Stability vs Time, 1000 Hours.. = = +0.1 C %
.~ LOGICOUTPUT (Pin 3) . 2 Y o ¥ K u Yl Tt
-Vgar {=5mA 0.15 0.50 v
|=3.2mA (2 TTL Loads), TMINS TAS Tiiax 0.10 0.40 v
OFF Leakage +0.0§ 1.0 KA
SUPPLY CURRENT s == ~ s
LM131, LM131A, LM231, | Vs=sv 20 3.0 4.0 mA
LM231A Vg=d40v = = 2 T 25 "4.0 6.0 .| LMAST
LM331, LM331A Vg=5V 1.5 3.0 60 1. mA"
. Vg =40V 2.0 4.0 8.0' mA
Note 1: Ab Mads Ratings i limits beyond which d Qe 0 the device may occur. DC.MAC.WWMGON(IMWMWW—:-

mdmbmubmomwm
Nothspecrﬁaﬁonslpplylnmnmmowa-J with 4.0V< Vg <40V, unigss otherwise noted,

Note 3: Noniinearity is defined as the deviation of
over the frequency range 1 Hz to 11 kHz: For the

four from Viy X (10 kHz/~ wvndwhonm.ebunmbmﬁmud!orzmmn10Hzandal10kHz.—-
iming capacitor, Cr, use NPO Teflon®, o poly - .

NnhLHumnbodymodoLwOpFMmodMnlsmm
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Function

al Blo¢k Diagram

)
R ¢ vee|s .t >
| e —_——— R
! ' ) '
! saEciaion | -
| CummENT
e |- REFLECTOR |
>
A ¥ f- 3t | i
{ cunnent . . R ' : -
STCH o e —— = INeYT . i
- r . COMPARATOR. . I
. ? - ) | ' N 7 comanaton
i cumnEnT ] ] ' ot
' ourt | T 4. - I PR o o
] ) oot 1+ 7 - was l-- v | : )
H REFEREN -
! CURRENT 4 1.8 Voc GURRENTS s [
| e i L P
: < TIMER
i ‘1 mnuu:v' : arron I ';
! Y - s e f—g—nc :
' | ,—f—_‘\t ancurr rj .
! . L' B L NESET o~ f - I l -
TRANSETON
%.’ . A < l I
oo \ : 37 TN
_ ' -~ * l et L
. T ) @y
- R = AL
o S R\
SR B LTAZERSNNT I e W B B §
»;L - L] J_
R / NN o [ i Tu/seso-2
,  Pin numbers apply to 8-pin packages only. See connection diagram for LM231WM pin numbers. = i
! — FIGURE 1a
- FUS B -
- .
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LM131A/LM131/LM231A/LM231/LM331A/LM331

N1

Typical Performance Characteristics T WD GRT e
(All slectrical characteristics"apply tor the circuit of Figure 3, unless otherwise noted.)
Nonlinearity Error, EM131 ~ *_ 7 e T T T

Family, as Precision V-to-F_ Nonlinearity Error, LM131." _  Nonlinearity vs Power Supply
Converter (Figure 3)- Family "4 ., Voltage
+3.01 1 28
M T
» T
b SPEC LIMITy + o’ S
Eu ' o a) 2 0t [ ® -
w 4N .nmt = - >
E . s .,_' | g 0018 ;
g-(.l‘l - ce- & TE SPEC LIMIT y
P T e Bl H ~g A
z SPEC LIMITY H ] L1
= ::-: = 307 0.005 -
| L ‘
-3.03 a0 —
n 0.008
L L . cegom gem A 01 1 W . 5 16 15 20 25 3 3 @
FREQUENCY, RHz - , FREQUENCY.kHz ==t e POWER SUPPLY VOLTAGE, Vs
i e - . et 1i . N
Frequency vs-Temperature; .~~~ VReF vs Temperature,. ~-~~~ _Output Frequency vs
LM131A . . LM131A . VYsuppLY
1008 ¢ T, B = e [ -
J : [ <.| __J T 1 20 L1
e S & i Ia
¢, y : i 1526 < b = "8 = o ]
fun ) A R 2L 27 -
> § 152 3= ERR Y -
E e o e B SN ni"u"
u - ] - BB R = - ey
H I NV A e o < - 5= [TFF
£ &é g0 1918 g -0
236 4,‘ o Ay L] 1918 ° s r—
l ) 1912 -20
™ e . : . J kb 5
S48 <28 418 5 28 A1S 25 L el5.. WIS 254150 § 181520 2538 38 &
TEMPERATURE, °C TEMPERATURE, °C vsurrLy.V
100 kHz Nonlinearity Error, Nonlinearity Error, LM131 Input Current (Pins 6, 7) vs
LM131 Family (Figure 4) (Flgure 1) b Temperature
e .04
® an - * ap 150
€ L an £ = B B
=S ~= E 3 g u I~
San . 2 an b 4 = L
= a z = J/ 5 ]
g s -2 g ] los .
b g x
? 2 4 W W 00 128 s 2 ¢ & 1 1’ n L8 e15 425 1S 2SS0
FREQUENCY, kHz FREQUENCY, kHx TEMPERATURE. °C
Output Saturation Voltage vs Nonlinearity Error, Precision
. Power Drain vs VgyppLy. loyr (Pin 3) F-to-V Converter (Figure 6)
B 2 - ]
u - “0.04
s wasecd 1 _s5°c ,[ el % ua
e o 7 g an MAXIMUM
<« ! oot % u F RPYTI a ee  e
3 »
N, rce, S 18 = 8
e ol zs'e $ i !
12 ;-“1 P mrww smograg Bt
' “ 2 0
s =
004
. ]
R EEERE X w om W @ e T 2z ¢ & 8 w1
Vsumv.: v 10U WA FREQUENCY. iHr

TL/H/5680-3
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Typical Applications (continueq)

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

The LM13tisa monolithic circuit designed for accuracy and
versatile operation when applied as a voitage-to-frequency
(V-to-F) conyerter or as a frequency-to-voltage (F-to-V) con-
verter. A simplified block diagram of the LM131 s shown in
Figure 2 and consists of a switched current source, input
comparator and 1-shot timer. ~

The operanon of these blocks is best understood by gomg
through the .operating.cycle of the basic V-to-F converter,
Figure 2, which consists of the simplified block diagram of
the LM131 and the various resistors and capacitors con-
nected to it.

The voitage comparator compares a posmve input voltage
V1, at pin 7 to the voltage, Vy, at pin 6. if V1 is-greater, the
comparator will trigger. the 1-shot timer. The output of the
timer will tum ON both the frequency output transistor and
the switched current source for a period t=1.1 R{Cy. During
this period, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i X t, into
the capacitor, Cy. This wili normally charge Vi up to a higher
level than V1. At the end of the timing period,. the cument i
wnII tum QFF, and the nmer will resetitself. _ .

Now there is no current ﬂowmg from pin 1, and the capact-

tor Cy_ will be gradually discharged by Ri_ until Vy falls to the

level of V1. Then the comparator wiil trigger the timer and

start another cycle.

The current flowing into Cy_is exactly lave = i X (1.1 XRCY)

X 1, and the current flowing out of C_ is exactly Vy /Ry -=s-+- -~
Vin/RL. If Vi is doubled, the frequency will double to main--

tain this balance. Even a simple V-to-F converter can pro-
vide a frequency precisely proportional to its input voltage
over a wide range of frequencies. B

Yioec

FREQUENCY
ouTPUY

i ongsuot
COMPARATOR TieR

TL/H/S680-4
FIGURE 2. Simplifled Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
Extomal Components

DETAIL OF OPERATION, FUNCTIONAL BLOCK T
DIAGRAM (FIGURE 18y =~ ¢ . 5

The block diagram shows a band gap reference whlch pro-
vides a stable 1.9 Vpe output. This 1.9 Vpg is well regulated
over a Vg range of 3.9V to 40V. It also has a flat, low tem-
perature coefficient, and typically changes less than ‘/z"/.
over a 100°C temperature change. = :

The current pump circuit forces the voltage’ at pin 2 to be at
1.9V, and causes a current i=1.90V/Rg. to fiow. " For
Rg=14k, =135 p.A The precision current reflector pro-
vides a current equal to i to the current switch. The current
switch switches the current to pin 1 or to ground dependrng
on the state of the Rg ﬂip-ﬂop

The timing function consists of an Rs flup-ﬂop, and a hmer
comparator connected to the external R‘Ct network. When
the input comparator detects a voltage at pin 7 hlgher than
pin 6, it sets the Rg flip-flop which turns.-ON tha cumrent
switch and the output driver transistor. When the voltage.at
pin.§ rises to % Vcg, .the timer comparator causes the.Rg
flip-flop to reset. The reset transistor is then turned ON and
the current switch s turned, OFF.., .. ..o - oy upr 5

However, if the input comparator still.detects pm 7 higher
than pin 6 when pin 5 crosses %4 Vg, the flip-flop will not
be reset, and the current at pin 1 will continue to flow, in its
attempt to make the voltage at pin 6 higher than pin 7. This
condition will usually apply under start-up conditions or in
the case of an overload voltage at signal input. It should be

T

SIUWA

. .noted that during this sort of averioad, the output frequency

will be 0; as.soon as.the signal is restored to the working
range, the output frequency will be resumed.

iThe output driver transistor acts to saturate pin 3 with an

ON resistance of about 500. In case of overvoitags, the

“output current is actively limited to less than 50 mA.

The voltage at pin 2 is regulated at 1.90 Vpc for all valuss of
i-between 10 pA to 500 pA. It can be used as a voltage
reference for other components, but care must be taken to
ensure that current is not taken from it which could reduce
the accuracy, of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-to-F converter shown in Figure 1
includes all the basic circuitry of Figure 2 plus a few compo-
nents for improved performancs.

A resistor, Ry =100 k2 £ 10%, has been added in the path
to pin 7, so that the bias current at pin 7 {—80 nA typical)
will cancel the effect of the bias current at pin 6 and help
provide minimum frequency offset.

The resistance Rg at pin 2'is made up of a 12 kQ fixed
resistor plus a 5 kQ (cermet, preferably) gain adjust rheo-
stat. The function of this adjustment is to trim out the gain
tolerance of the LM131, and the tolerance of Ry, R and C.

2-895
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continued) LT R

For best results, all the components should be stable low- The average current fed into the op amp’s summing point
temperature-coefficient components, such as metal-film re- (pin 2)ist X (1.1 RCyY X f which is perfectly balanced with
sistors. The capacitor should have low dielectric absorption; ~VIN/Rin. In this circuit, the voltage offset of the LM131
depending on the temperaturé characteristics desired, NPO input comparator does not affect the offset or accuracy of
ceramic, polystyrene Teflon or polypropylené are best the V-to-F converter as it'does in the stand-alone V-to-F
suited. . converter; nor does the LM131 bias current or offset cur-
A capacitor Cm is added fr'[,m pin 710 ground tB act as a rent. Instead, the offset-voltage and offset current of the
filter for Viy. A value of 0.01 uF to 0.1 uF will be adequate in operational amplifier are the only limits on how small the
most cases; however, in cases where better. filtering is re- signal can be accurately converted. Since op amps with
quired, a 1 pF-capacitor can be used. When the RC time voltage offset well below: 1 mV and offset currents well be-
constants are matched at pin 6 and pin7, a voltage step at low 2 nA are available at low.cost, this circuitis recommend-
Vin will cause a step change in foyt, If Ciy is much less ed for best accuracy for small signals. This circuit also re-
than C{, a step at Vjy may causs foy to stop momentarily. sponds immediately to any change of input signal (which a

stand-alone circuit does not) so that the output frequency
will be an accurate representation of Vi, as quickly as.2
output pulses’ spacing can be measured.

In the precision mods, excellent linearity is obtamed be-
cause the current source (pin 1) is always at ground poten-

A 470 resistor, in series with the 1 pF Gy, is added to give
hysteresis effect which helps the input comparator provide
the excellent linearity (0.03% typical). .

DETAIL OF OPERATION OF PRECISION V-TO-F

CONVERTER (FIGURES) . ==t .o un tial and that voltage does not vary with Vi or foiT. (In the
Inthis circuit, integration is performed by using a conven- stand-alone V-to-F converter, a major cause of non-lmearrty
tional operational amplifier and feedback capggitor,: Cr. is the output'impedance at pin 1 whach causes i to change
When the integrator's output crosses the nominaf threshoid as a function of V.N) T .
Ievel at pin 6 of the LM131 lhe tlmmg cycle is initiated. The circuit of Figure 4 operates in the same way as Figure 3,
), Pl - byt with the necessary changes for high speed operation.
- 4 . 4 rl .
- Bd J - i 't v - .
) A y .-
- BBk cn® A
vy i ¢ -
P ullur'
- ' & - S 1 17
h 3 ¢ o0 N B I
- Vi =
- . - 3 'gur
s - 10 kHz
. 11 FULLSCALE
2 :
' . m 3 Y
-t e -Vin Rs 1
FULL SCALE N TS,
: fouT = S50V A " A,
L 1n0e2
- v .
P rmonat s 1 =
OFFSET ADJUST .
20eT0 M = =
. TL/H/5680-5
*Use stable P with low temp cosfficients. See Typical Applications section.

"*This resistor can be 5 ki or 10 k3 for Vg =8V to 22V, but must be 10 kN2 for Vg=4.5V 1o 8V,
“**Usae low offsst voltage and low offset current op amps for A1: recommended types LM108, LM308A, LF411A

FIGURE 3. Standard Test Circuit and Applications Clrcuit, Precision Voltage-to-Frequency Converter
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Typical Applications (Continued)

DETAILS OF OPERATION, FREQUENCY-TO- ., . -,
VOLTAGE CONVERTERS (FIGURES 5 AND 6)

a C-R network and the negative-going edge at pin 6 causes

a V-to-F converter, the average current flewing out of pln 1
islavepage = I X (11 RCyY X £ 2

In the simple circuit of FIGURE 5, this current is filtered in
the network R =

In these applications, a pulse input at fyy is differentiated by )

i the input comparator to trigger the timer circuit: Just as with.

100 kQ2 and 1 uF. The ripple will be less.
than 10 mV peak, but the response will be slow, with a .

-0.1_second time constant, and settling of 0.7 second to
0.1% accuracy.
In the precision circuit, an operational ampiifier provides a
buftered cutput and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak for all frequencies above 1 kHz,
and the response time will be much quicker than in Figure 5.

" However, for input frequencies below 200 Hz, this circuit will
'hai)e worsa ripple than Figure 5. The enginesring of the filter:
” time-constants to get adequate response and small enough
~ ripple simply requires a study of the compromises to be
made. Inherently, V-to-F converter response can be fast,
but F-to-V response can not.

-10V
FULL SCALE

vs
armonaL

GFFSET AGIUST
Mo

el PRERES

g 415V .
8, |
By
] [XiES, 3
§
3
0,5
o | L
1 teur
_]_ Your
maxe & (3 1uf 4.«:nu
ns ==
e
TL/H/S680-7
Vour = fin X 2.09V X % % (RCy
“Use stable p with low temp coefficients.

FIGURE 5. Simple Frequency—(o-Voltago Converter,
10 kHz Full-Scale, £0.06% Non-Linearity

vg me——— e e
4
- L
12 ion 10K 210%° * Seax®
AA AAA AAA
YWy VWA~ W
. e
} s L _I¢
== UeluF g s R AN :_l__
mon o] Viggie =
- Tt
m wetke LR A FULL SCALE
Ry i
™ o -l: o o *Use stable comp with [ow temp coetficients,
Aotust : ; .::m & - See Typical Applications section.
— [ T — T b
o ‘-l:l“‘.‘._ a6pf e e *“This.resistor can be 5 k2 or 10 k) for Vg=8V to 22V,

but must be 10 kil far Vg 4.5V to 8V,
***Use low offset voitage and low offset current op amps for A1:
recommended types LF411A or LF356.

TL/H/5680~6
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s¥ge 45V TO <20V

< < - -
g g [ e
A AA ! U
Ve
] L
R
L vour
e O
L

R
Vour = =t X 2.09V X -R—’ x (RCo
S

TU/H/5680-8
A i}
SELECT Rx OZTA
*Use stable D with low temp coefficiants.

FIGURE 8. Precision Frequency-to-Volitage Converter,
10 kHz Fuil-Scale with 2-Pole Filter, £0.01%
Non-Linearity Maximum

LEEWT/VIEEWT/LEZNT/VIETWT/LELNT/VIELNT

2-697




LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (contineq)
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Typical Applications (continued)

Analog-to-Digital Converter with Microprocessor
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continuedq)
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connection Diagrams

Metal Can Package
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. - .- See NS Package Number NOSE
> g . e e e
- - .« «..Small-Outfine Package
- Y 4 Setpat—? RS
— . R:é;';'r‘:::—q 2 13 =NC
. . -~ NC=—3_ 12 }=NC
Frequenc W NS ) T TS ). N
> .qot:npu{_' 4 T AN "ZS = ;
- omparstor
.7 GND— 5. . 10 —,npu‘{
i | I L [ © 9—NC
R/C~47 8 }=—Threshold
- A e, L 7BE80-24 " = e
[ "3 2 TopNImRAANANN, ¢ VTN (H '~ |
“Ordar Number LiZIWM.Z - . LT LT
See NS Package Number M148. =~ =
l | [ - el
N P

2-701

LEEWT/VIEENT/LECNT/VIETWT/LELNT/VIELINT




22 : q
. ) o 3
“.u : o 2
. . ». .
e MY ogm Fwozmo 3 —
: L "
- v H L)
1 S ‘s . 1 WOIVVYemO)
} .
o
Y &
Swe
Suw el
“3 104109
“ —P T AININ0INs
)
o
.
:T N Y
; i
3 2 3 f ..:.n. h
H W ﬂ::-c.:
D o
i . (11 ]
S
£ ) c. : -
3 — | & wyl
- = _I.
™
nm » lmi w N.L "
[ . IM mn VAA-
Lo W .5
m —CH:- rH:- :w l.n"uz L J J
m b ’ s
/7]

2.702

EEWT/VIEENT/LETNT/VIEZWT/LELNT/VIELINT



ﬁNational Semiconductor

LM124/LM224/L.M324/LM2902
Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated ogerational amplifiers
which were designed specifically to ogerate from a single
power supply over a wide range of voitages. Operation from
split power supplies is also possible and tha low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly operat-
ed off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional £ 15V
power supgplies.

' Unique Characteristics
« #In the linear mode the input common-mode voltage
range includes ground and the output voltage can alsc
swing to ground, even though operated from only a sin-
gle power supply voltage
® The unity gain cross frequency is temperature
compensated
B The input bias current is also temperature
compensated

Advantages

m Eliminates need for dual supplies

® Four internally compensated op amps in a single
package

B Allows directly sensing near GND and Voyr also goes
to GND

a Compatible with all forms of logic
m Power drain suitable for battery operation

Features
® Internally frequency compensated for unity gan

m Large DC voltage gain 100 d8
| Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
B Wide power supply rangs:
Single supply 3V to 32V

or dual supplies +1.5Vto =16V
® Very low supply current drain (700 nA)—essentially in-
dependent of supply voltage

W Low input biasing current 45 nA
(temperature comgensated)

8 Low input offset voltage 2 mv
and offset current 5nA

® Input ccmmon-mede voltage range includes ground
m Differential input voltage range equal to the power sup-
ply voitage

# Large output voltage swing OVtoV* — 1.5V

Connection Diagram

Dual-in-Line Package

QUTFUT & INPUT A" INPUT L' (1.1:3 INPUT 3 INPUT 2°  QUTPUT I

[ 12 1] 1 19 ] 1

LD

1 Iz 1 [ s ) [

QUTPUT 1 INFUT 1™ INPUT® v’ PuT 2 veut - ouiruT?

TLIH/9299-1
Top View

Order Number LM124J, LM124AJ, LM1244/883"",
LM124A4/883°, LM224J, LM224AJ, LM3244, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

‘L1224 availadle cer JM38510/11005
**LM124 avadapie cer JM38510/11CC5
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LR34
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e
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TL/H/9299-32
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A

sutwr =] —
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oyt 1- —H ey eyt
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TL/H/9239-33

Order Number LM124AW/883 or LM124W/883
See NS Package Number W148
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3 Typical Performance Characteristics

¥y = INPUT VOLTAGE (AVDC)

Ayor ~ VOLTAGE GAM ()

Yo = OUTPUT
VOLTAGE (V)

Vg = NPUT
VOLIAGE (v)

Y4 =~ OUTPUT vOLTAGE
REFERENCED 10 V* (v,.)
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Livi124/0LM224/ L3224/ Lm2y02

Electrical Characteristics v! - is0v (Noto 4) uniess othorwiso staled (Continuod)

LM124A LM224A LM324A LM124/1.M224 LM324 LM2902
Parameter Conditions Unlts
Min Typ Max | Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max
= + =
Output Current | Source | Vg = 2V Vm_ +IV,' 10 20 1020 10 20 19 20 10 20 10 20
ViN® =0V, V' = 15V
mA
Sink VIN_ = +1V
. 8 5 8 5 8 5 8
VlN+ =0V,V+ = 15V 10 15 5 a 5
Note 1: For oy ing at high P , the LM324/LM324A/LM2902 mus! be deraled based ona + 125°C { junction P e and a It | rosi! of 83°C/W which appties for the devico soldered in a prinlod
circuit board, op g in a still air ambionl. The LM224/LM224A and LM124/LM124A can be dorated based on a + 150°C { junction P Tha dissipation is tho total of all lour amphittars—use oxturnal roststors,
whare possibie, 1o allow the amplifior 10 salurate of to reduce the power which is dissipated in the integrated circuil.
Nolo 2: Short circuits rom tho output 1o V' can cause excessive hoating and | ion. Whon idoring shor circuits to ground, the maximum output cuiront is approis ty 40 mA indop of the magnitudo of

V', At valuos of supply voltage in excass of + 15V, continuous short-circuils can exceed the power dissipation ratings and cause aveniual destruction. Deslrustive dissipalion can result from simultancous shorts on all amplifiors.

Note 3: This Input curroni will only oxist whon the vollago at any of tho input loads is drivon nogativa. It is duo to tho colloctor-base junction of tho input PNP transistors bacoming forward biasod and theroby acling as input diode
clamps In addition to his diodo action, 1horo is also luturul NPH parasitic transistor action on the IC chip. This transistor aclion can cause tho output vollagos of the op amps to go to tho V' valtaga lovol {or 10 ground lor a lugo
ovordrivu) tor the o duiation that an input is driven nag . This Is not d tive and normal oulpul statos will re-estabhsh whon tho inpul voltage, which was negalive, again rolurns to 8 value groater than 0.3V (at 25°C).

Note 4: Those spocifications are limited to ~55'C £ Ta < + 125°C for the LM124/LM124A. With the LM224/LM224A, ail tempurature spocifications are limitod 1o - 25°C < Ta £ +85°C, tho LM2324/LMJ24A tempuratiuio
spucifications are limited 10 0°C < T £ +70°C, and the LM2902 spacificalions are fimited to —40°C < T € +85°C.

Note 5: Vg = 1.4V, g = 01) with V¥ from 5V to 30V; and over the full Input common-mode ranga (OV 1o V L 5V) lor LM2902, V¥ from 5V 1o 26V,
Note 6: The duoction of the input current is out of the IC due 10 the PNP input staga. This current is y

Nole 7: The input common-mode voltage of eithor input signal vultage should not be allowed lo go negalive by more than 0.3V (st 25°C). The uppsr end of the common-mode voltage rangeis V' — 1.5V (at 25°C), but oither or both
Inputs can go to | 32V without damago (+ 28V for LM2002), indepondont of lhe itude ol V ¥,

Note 8: Duu 10 proximity of } comp insure that couphing is not originaling via siray i b these parts. This typically can bo ctod as this typo of capacitanco incroasos at highor troguuncios.
Hote 8: Hutur to NETS124AX for LM124A military spocilications and soler 1o RETS124X tor LM 124 mikitary spocifications

Hote 10: 1 hun body modul, 1.5 kit in sunus with 100 pF.

of tha state ol tho output so no loading change exists on the input lines.

Schematic Diagram {Each Amplifior)
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LMIZ4A
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LMma2an

LM 12470224

LM324

LM2uo2

\ Unity

Parameter Conditions - -
Min Typ Max [Min Typ Max [Min Typ Max |Min Typ Max [Min Typ Max [Min Typ Max
Amplifior-lo-Amplilior = 1kHzt020kHz, T4 25°C
-120 - 120 - 120 - 120 -120 - 120 dB
Coupling (Noto 8) (Input Rolorred) 12 12
Output Curront [Sourco [Vin' = 1V, Vi~ = 0V,
b . 0 40 20 40 20 40 20 40
v = 18V,vg = 2V, T, = 25'C 20 40 20 40 2 mA
Sink  |[ViyT = 1Vt = ov,
0 0 10 20 10 20
V' =15V, Vg = 2V, Tx = 25°C 10 20 10 20 10 20 1 2
Vin~ = 1V, VIN+ = 0V, ;
12 50 A
vt = 15V, Vo = 200 mV, Ta = 25°C 12 80 12 50 12 50 12 80 12 50 B
Shorl Circuil to Ground  [(Noto 2) V I = 15V, Tp = 25°C 40 60 410 60 40 60 40 60 40 60 40 60 mA
Input Offsel Vollage {Noto 5) 4 4 5 7 9 10 mv
Input Offsol Rs = 0N} . 7 20 7 20 7 30 7 7 7 R
Voltago Dritt
tnput Otlsot Curront g1y - N ) Vom — OV 30 30 75 100 150 45 200 | nA
Input Offsot Rg = 001 .
Current Drit 10 200 10 200 10 300 10 10 10 pA/°C
Input Bias Curront hngryorhng ) 10 100 40 100 40 200 40 300 40 500 40 500 | nA
Input Common-Mode vt = +3o0v + '8 + + + +
- = - - vt- -2 v
Vollago Rango (Note 7} |(LM2902, V b 28V) - . 210 Y 2@ 14 < 1 30 g0 v
Largo Signal vt = +15v
Voltago Gain (Vo Swing = 1V to 11V) 25 25 15 25 15 15 v/mv
Ry 2 2kt
Output Vollage Vo [V* = 3ov Ry = 2k 26 26 26 26 26 22 v
o t o
bwing (LM2002, VT = 26V} In o jokn [27 20 27 28 27 20 27 20 27 28 23 24
Vou |V =5V,R_ = 10k 5 20 5 20 § 20 5 20 5 20 5 100 | mV

CO6CWT/VZEWT/VCZINT/VZLIAN
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Absolute Maximum Ratings

11 Military/Aerospace speclfled devices are required, please contact the Natlonal Semlconductor Sales Oflice/Distributors for avaliabllity and specificallons.

(Note 9Y
LM124/1.M224/1.M324 LM124/LM224/LM324
LM124A/LM224A/LM324A LM2502 LM124A/LM224A/LM324A LM2902
Supply Vollage, V ! az2v 28V Storage Temporature Rango —-65°Clo +150°C ~-65°C to +150°C
Dittarential Inpul Vollage 3z2v 26V Lead Temperature (Soldering, 10 seconds) 260°C 260"C
Input Voltago -0.3Vto 32V —0.3Vio +26V Soldering Information
Inpuil Curront Dual-ln-l.'ine Package
(Viy < --0.3V) (Note 3) 50 mA 50 MA Soldering (10 seconds) 260°C 260*C
Powar Missipation (Nolo 1) Small Outline Packago
Moldud i.)llP 1130 mW 1130 mwW Vapor Phase (60 seconds) 215:0 21 5:C
Cavity DIP 1260 mW 1260 mW Infrarod (15 seconds) 220°C 220°C
Smail Outline Package 800 mW 800 mW See AN-450 “Surface Mounting Mothods and Their Elfect on Product Roliability" for
Outpat Short Circuiit 10 GND othor methods of soldering surface mounl devices.
{Ono Amplitr) (Noto 2) £S0 Toloranco (Noto 10) 250V 250V
v' . 15Vand Ty = 25°C Continuous Conlinuous
Oporating Temporature Range —40°Cto +85°C
LM324/LM324A 0°Cto +70°C
LM224/1.M224A —25°Cto +85°C
LM124/LM124A —55°C 1o + 125°C
Electrical Characteristics v* = +5.0v, (Note 4), unless otherwise staled
LM124A LM224A L.LM324A LM124/1.M224 LM324 1.M2902
Parameter Conditions Unlits
f Min Typ Max {Min Typ Max [Min Typ Max Min Typ Max [Min Typ Max [Min Typ Max
Input Offscl Voltage {Notle 5) T = 25°C \ 2 1 3 2 3 2 5 2 7 2 7 mv
inpul Bias Current Ingeyorhing ) Vem = OV, -
(Moto 6) Tp = 25°C 20 50 40 80 45 100 45 150 45 250 45 250 nA
| Ollset G 3
nput Offset Curront hing L “I,N( »Vem OV, 2 10 2 5 5 20 3 190 5 50 5 50 nA
. Ta= 25C —
Input Common-Modo v! 30V, (LM2902, V ! 26V), | \ 1 | \ - \ -
Vottage Rango (Nota 7) Tp = 25°C 0 \ 151 0 v 15! 0 A 1.5] O A 15| 0 v 1.5 0 V 1.5 V
Supply Curront Oveor Full Tomporalure Range
AL = % On AllOp Amps mA
vi = 30v(M2902V' = 26V) 1.5 3 1.5 3 1.5 3 1.5 3 1.5 3 1.5 3
v'! =5V 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2
Largo Signal v 15V, A . 2keY,
Voliago Gain (Vo = 1V 10 11V), Tp = 25°C 50 100 50 100 25 100 50 100 25 100 25 100 v/mv
Common-Modc DC,Voum - OV ov' - 1.5y,
Rojection Aatio Ta = 25°C ' 701 85 70 85 65 85 70 85 65 85 50 70 [(s]
Powor Supply “lv! = sviedov !
Hujuction atio (LM2002, V' 5V 10 26V), 65 100 65 100 65 100 65 100 65 100 50 100 ds
T Lo e
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N L3
—Power YIOSFETS
A
‘ Drain to Gate to {Continuous| Gate to Drain to Device
Transcon- Source Source Drain Source Source Input Dissipation .
Descripticn ductance |BreakdcwniBreakdown| Current Threshold | Resistance Cap @Tc=25°C s
| Ece and gis Voltage | Vol:age Io Voltage | rps (on) Ciss [ ackage
Tybe Applicatica nncs 8Vpss 8Vgs Amps VGs th) Ohms pf Waus Case 'Fig./Basirg
—— -
:18CG2392 | MOSFET, 6 Min 100 Min | +20 Max* 32 4 Max 08 Max 1200 Typ.| 125 Max |TO-3
A N-Ch, Fig. 723
! . Enhancament tdfoff) =300 ns. tdlon) = 3J ns, 1 = 200 ns,
by F Hi Spesd tr =200 ns N
; v Swiitch \/94 \——:],u '.'3//.
| [2C52356 | MOSFAT. 2 Min 806 Min | =20 Max* 6 4.5 Max 1.2 Max 15220 hiex | 150 Max W/
H 5;, N-Ch. . , T —
[ W u
Ly Znhacement 1tofi' =200 ns, wonr =20 ns. ti~ j20 ns, :
! Hi Scaed =13 ns R
fl s SR ' ' : - =t
\‘ £CG2IEHIAYOS T, 1.8 Min 800 Min 1 +20 Mzax” € < Max 1.5 Max | 3500 Max | 125 Max A "'_\\
b A N-LR, - { LS
|1 cnnancemant :3{0f1 =500 ns, teion) < 50 ns. 1 =100 ns. SNl
i i Seoea 0= 190 ns -
' ’ ! Iwteh
_: ;ec':‘,z:‘-,_“o (OSEET, 3 Min ‘80 Min | £20 Max” 12 3.5 Max .2 Max 200 Max 75 Max 1T0O-2290
POTA NLCey Fig T3
[ j Ennarcemant i diot?) =80 ns, tdion! =60 ns, tf = 11C ns.
! i . =i Supeed N tr=160 ns
o Swwizen ] ~
EC 52233 i“ﬂOSFET, 8 Min 60 Min | ~30 Max* 35 4 Max .45 Max | 2000 Max 125 Max “w
i & N-Ch, . .
oo C’**"nc‘:m.nti tdtoff) = 160 ns, tdlon} = 4D ns. if = 135 ns, i
[ ¢ =i Gpeec tr=80 ns g
L2 b
"' 3 17 Min 80 Min | =20 Max" 50 4 Max .028 Max IZCOO Max § 150 Max U;- iS
[ z wdlot] = 17C ns, tdlon) = 20 ns, t = 120 ns, - L
,! . i 8 tr=70 ns - :
| 5 ' 1Swntch .
ECG2332 | MO 3FET, 1.5 Min 100 Min | +20 Max® 8 4 Max .5 Max 725 Mavx 75 Ntax
A N-Ch, : . i
‘--:o.:":x iEnhancemeant ] tdlofh =50 ns, td (on}=50 ns, tf =80 ns,
W0y i1, Sczeq ' r=120 ns
G238 | Switch
€CG2332 [MOSFET, . Z Min 100 Min | £ 20 Max® 8 4.5 Max .4 Max 1200 Max | 75 Max
& | P.Ch. .
ICompzl  |Enhancament wd{offy =200 ns, tdicn) =80 ns, f =150 ns,
o v Hi Soses tr=150 ns
ECG2287)| Switch . '
€CG65 IMOSFET, 3 Min 100 Min | =20 Max* 12 4.5 Max | .18 Max |1200 Max | 75 Mex .
A . N-Ch, . \
. Enhancement tdfof{1 =200 ns, tdloni =3) ns, f = 10C ns,
H: Soeed tr=100 ns
Switch
-~ f p—
" ECG2295 IMOSFET, 12 Min .| 100 Min | £ 30 Max* 30 4 Max | .057 Max [2000 Max | 150 Max
e jA ¢ INCh -
N Enbancement td{off}) = 150 ns, tdion) = 20 ns, tf =65 ns, -
- x Hi Speed tr=40 ns -
i Switch -
iCGPEB MOSFET, 5 Min 200 Min | =20 Max* 12.5 4 Max .2 Max W00 Typ | 75 Max
N-Ch,
C Er}hancemem tatofft = 120 ns, tdlon) =20 ns, tf =50 ns,
Y Hi Sceed tr=60 ns :
£ Switch
icow -:'{!Q_SFET. Z2Min | 200 Min | =20 Max" 5 45Max | 1.5Max |1200 Max | 75 Max
N-Ci
Srhzncement tdtcift =200 ns, tdion) =50 ns, tf = 100 ns,
Hi Sceed =100 ns
Switch
E PYP=p Yooy -
CGzs1 MOSFET. 121 Min | 0 Min |30 Max-| 4 chiax | 1.8 Max ]sro Max | 75 Max
3 c‘“ancamem ot =65 rs. tdtonr =20 ns, of = -0 ns,
Hr Q"""ed r=6)ns
VIYrP Am = -
A 33'“ ?3 aing 2V 5 g maximum wiil resu.: .a b2 maner: Emage 10 the gate region oxide !aver. Pascxage Qutlines - S22 Page 1-78

T ~anzling Precautions -
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Linear IC and Moduie Circuits (cont’d)

ECGS83
Dual Audio Preamp

14-Pin DIP See Fig. L104

GAOUND FEEDBACK 2

ECGS84
TV Video IF, AFT

16-Pin DIP See Fig. L111.
{(16-Pin DIP-Q
See Alternate Fig. L113)

—

ECGS28 24-Pin DIP See Fig.
Chroma Processor and Demod

HORAIZ KEY

CHROMA IN Y PULSE INPUT

Oua;d Op Amp

]

ouTtpur 1 XY OUTPUT 4

~InPUT 1 BF ~INPUT 4

v #INPUT 1 £ +INPUT 2
ve 1 .

| +INPUTZ2 ~INPUT 3

~INPUT 2 ~INPUT 3

¥ outeyt 2 3 QUTPUT 3

[

"

1]
* C§587. 987SM ~ Single Supply, Pin 11=GND

10
|

QUTPUT
COMMON

INPUT

See Voitage Regulator Selector Guide Page 1-157

KEY PULSE INPUT VIDEO OUTPUT ACC FILTER { arpe
FEEDBACK 1 AGC FILTER v
: INPUT 2 Ge piLTe - SAT CONTROL OSCILLATCA
ALINPUT SUBSTRATE OVERLOAD DET ALTER AND
INPUT 1 XILLER FILTER &NP-':JSTESEHIFT
TPUT 2 AOUND DET B1AS PROCESSOR SEC 7
. ourPu 6ro & CHROMA QUTPUT
¥ ouTPuT1 § OUTPUT 24 CLamP car | SHUNT REG GROUND § i vee
OUTPUT 14 § DELAY 2 A1QUTPUT A3 INPUT/DET 8-v TINT CONTAOL
OUTPUTS ( G-v | {73 CARRIER FILTEF
. v ] GC
N DELAY 1 vee AGC DELA TUNER A o S russsconn
IF AGC BIAS A2 OUTPUT
F1 IJ FLESH CORR/
: " nes mrer ) SIS SR,
i
E } REF INPUT £ Oemo
EC§987 14-Pin DIP See Fig. L104 | ECGS88 TO-92 See Fig. L16 | ECGS89 14-Pin DIP See Fig. L
ECGS87SM 14-Pin SOIC See Fig. L160 | pog VR, 6.2V, 100 mA

PLL, Gen Purpose

-vce
INPUT

VCD QUTPUT

PHASE COMPAR g
VCD INPUT

REF QUTPUT ¥

VCO CTRL VOLT

ecchso

DuallAF PO, 2W

14-Pin DIP-W See Fig. L106

ECG991 16-Pin DIP See Fig. L112
CB PLL, Freq Synthesizer

ECG992 14-Pin DIP Se= Fig. L1
4 Independent Amps, V+ = +32 V Max

Oscilfator, Function Generator

NC SQUARE

WAVE QUTPUT

GROUND
.
TRIANGLE
. Vee WAVE QUTPUT
TivinG

CAPACITOR MOOULATION
TIMING INPUT
RESISTOR

t

S —— 3

)

General Purpose Voltage Controlied
Oscillator, Function Generator

GROUND

~NC
SQUARE WavE
QuUTPUT

TRIANGLE WAVE
QuTPUT

# BlAS Ve Fx Voo i3 + INPUT 1 Ve
h P
i OUTPUT1 ouTPUT 2 . ] + INPUT 2 ~1INPUT 3
uP 2 4
" Grouno § GROUND &2 ~1INPUT 2 - INPUT 4
A P2 upP3 -
GROUND § GROUND OUTPUT 2 ~1INPUT ¢
4 P uPa
L. GROUND GROUND : ouTPUT 1 § OUTPUT &
I CNT Fin
INPUT 1 - § INPUT 2 = - INRUT 1 | OUTPUT 3
PCP OUTPUT osc
FEEDBACK 1 - K] - GROUND § ~ INPUT 3
BACK FEEDBACK 2 pcz ouTPUT ves
3
' £
ECGog4 8-Pin Can See Fig. L3 | ECG334M 8-Pin DIP See Fig. L97 | ECGS95 * 14-Pin DIP See Fig. L1C
General Purpose Voltage Controlled

Freguency to Voltage Converter
g

f
FREQ INPUT &

TIMING CAP

RIPPLE INPUT

COMPAR INPUT p1l FREQ INPUT

EMITTER OUT Jid compaR INPUT

NC 23 vee

NC 1§ COLLECTOR OUT

z
&ckage Outlines - See Page 1-269
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EE“T and MOSFET Di-égrams (6;>sgrve MOS Handling) A

Depletion N-Ch JFET

Depletion P-Ch JFET

Depletion N-Ch MOSFET

Dual Gate Depletion N-Ch
MOSFET

0 0 D [b]
6 i G —~=—8 CASE Gee—3 npel
s s G s Gl = +—$-95,CASE
Bkl
ECG ECG ECG ECG
312 456 326 220 21
¢51 457 461 {Dual) 468 460 462 222 (Gate Protected)
452 453 466 469 483 454 {Gate Protected)
453 459 467 455 {Gate Protected)

28§

Enhanicement N-Ch'MOSFET. " . ‘I Enhancemént N-Ch MOSFET,

’-.HD
A

i 'Ehhéncement P-Ch MOSFET

S I
_t;’ﬂ ! 1
e : 3
LA |
4%
Ni oz | 0
L7 |——>—+ CASE
G ) S
L—NK"—'
ECG ,
463 {Dual)
{Gate Protected)
464
h
Y 44 ]

Enhancement P-Ch MOSFET
D

ECG
2381




Transistors (cont'd.) (Maximum Ratings at T¢=25°C Unless Otherwise Noted)

&4 ""?l Frequency at,whlch commotr emitter current gain is 70. 0% o( low frequency gam =" ;o
¢ by When alternate packages are shown it indicates a change isin progress, Although only one package is av‘aulable both packages will be shown as long as the obsolete
package may. be encoumered in the faeld .

z [

1:40 1o

R

2N

.

4 Package Outhnes See P

- i

Collector Collector Base to Max. Max. Freq. Package
To Base To Emitter Emitter | Collector Device in Current
Description and Volts Volts Volts Current Diss. Pp MHz Gain Fig.
ECG Type Application BVeso BVceo BVggo | Ic Amps Watts fy hge Case No.
ECG107 NPN-Si, UHF/VHF Amp, Osc, {35 35 5 50 mA .250 800 min 70 typ TO-92 T16
Mix, IF Amp (TA=25°C)
ECG108 NPN-Si, RF/IF/Video Amp, 30 15 2 50 mA .600 800 min 20 min | T0-92 T16
Osc, Mix, VHF/UHF (TA=25 Cj
ECG121 PNP-Ge, AF Pwr Output 65 45 (CER) 15 7.0 30 22 KMz 4 180 ryp TO3 T28
ECG121MP*
ECG123 NPN-Si, AF Preamp, Driver 60 30 5 .8 .800 250 150 typ |TO-39 |76
Video Amp, Sync Sep, (TA 25°C: -
ECG123A |NPN-Si, AF/RF Amp, Sw 75 40 6 8 .500 300 200 typ |TC-18 7| T2 ]L
I Y - RV MR i R o Nz
,scmzsAp NPN-Si} AF/BE Amp, Driver |75 VAR« A8 6 1500 ;‘8 'i[200typ [TO-92 |76
2 |(Compl 1o ECE1ES, ., el MO L e | TA TR ! .
ECG124  |NPN-Sj, HV'AG&%\{&;, mpg; 300 , ¢, v, (30000 v, {XBRRRR00y, (120,05t 21 [100tvp |TO-66 |T25
ECG126A |PNP-Ge, RF/IF ‘A Mig[a52 * o — |15 VR PR ERATA Bod i [ 250 Ty (40 typ | TO.18 |
e, ] e e Sl
- ”t L2 A = < T ES Y. 3 _r . 2 . =
ECG1Z7 " |PNP-Ge, Hojiz B’Vejﬂ)’éf 3|320 X5 -2320 (CES) ™~ | (2 4 * ToHa ] 15min ‘|TO-3  |T28
PR R ek eV K 28 & [ e R,
Peruthn épaai»';'ef"s‘:: o p Pty MO V! T .
ECG128  |NPN-Si, AF.Preamp, DrivéRs| 120 P¥{80XRGE 14217 o} CPIRES y ! (12058 1 4 {90 min | TO-39 |76
—— Output, Vdeg;,gz;gp S <2 %v %1, .
(Compl to ECEIZN " : u‘rgg‘k[,“ ﬁﬁﬂ.:n 1
ECG128P . [NPN-Si, Geﬁ;t?i{ SRS 2! g B WL ¥ 100 min [TO-237 |Ti7
{Compl to ’Eb@f' : : '~; !u"":‘: 2, ' : : : : : « '
2 4 RXIRZ2NEY § 3 0 1 £ X
ECG129  |PNP-Si, AF Preamp 2DTGIR B R HE \\
Output, Videq Afip TR ol R PR 2
ECG128);' :.a “ﬁfll!hll'd :,i:l PRI N
ECG123MCP | Matched Goprp] PAEER N O 0 TGRS, o |90 mia 1TO-39 [ T6
. one each EGGQ;EQg (NPN)* ;_,'} oA (4 _': = 0 iy
and ECG129(BNP) | 9 ot L b oy §
L LR 3 4ddey A e ?
ECG129P™ [PNP-Si, Geﬁ&?rpwkug,ﬁw 80, gyt B NE é" W%ty 1100 min®|T0-237 |T17
2 [958 AT X ¢ [ £ 5 B o
Al (Complto‘e;:dfzé W el '5'“:,_/!3?» e i N , ;
ECG130  |NPN-Si, AF Pt A'rh [a00 72 " rrsendngg ol .8oo;c§ t:[40typ [TOR .|T28.
ECG130MP* | (Compl to ECG219) o7 R Wb M : - ’
ECGT31 | PNP-Ge, AR BWrO "[32 7 givel420 J {00} KXY 16 4 M0p [TC9  [T27
ECG131MP* (Complxo:ﬁtsjss) ;:;'«. ' AT L b v 3| VERROANIGEY —
ECG152  |NPN-Si, AﬁRyir output *3fe0  *%h aldistT TR, "':\%; *5 160 typ 102205 [T41
» 1 4 i ] 7 R
ECG152MP* |(Comp! to;ES 3, el it :,,.. 4 "c:: A :j
ECG153  [PNP-Si, ARSI G |52 ed el LY e , ;',*;'ﬁif”" )
(Compl t0,EC] A ‘y‘:’x’s‘ b :l:l "d,‘1 ‘irxl'l:l:l:l: \ ’l:
ECG153MCP | Matched Comprﬁﬁ;o i : 601 : e # 60 * V) » L AT b e 50! &A1, [60typ |TO-220 T4
, |one each ECG152 ¢ ot Q\' -4 TORYEXL ¢ : il ¢
and ECG153 (PNPY ﬁ‘: : R :’;}K N 1 6 pigs ‘%; oih {;‘3‘\
ECGT54 | NPN-S), Vide Ot tpﬁt’m&;ﬁ,r 300 SHPXASTROPRA « 1 07% ¢ ¢ RN 1) 21;(2{)?2{2%‘“?993&_. y [0typ |TO-39 |T6
a 7.0 -
.« - (Te =25°C)
ECG155 NPN-Ge, AF Pwr Amp 32 20 10 3peak 75 ~ 1 110 typ |TC-9 T27
. }(Compl to ECG131) ; ’
ECG157 NPN-Si, HV AF Pwr Amp 300 300 3 5 20.8 10 30 min, |TO-126 |T45
(Compl to ECG39) \ 2
ECG158 | PNP-Ge, AF Pwr Amp 2 32 10 1 1.6 1.5 0ty [TO-A. |T1
ECG159 PNP-Si, AF Premp, Driver, N S -
) Sw (Compl to ECG123AP) . ) S . ~h
ECG159MCP | Matched Compl Pair-Contains {80 80 5 1 .600 200 --{18Qtyp [TO-92 |T16
4 | one each ECG123AP (NPN) 1TAa=25°C)
+ .»|and ECG159 (PNP) . . 3 Al
ECG160 . PNP-Ge, RF/IF Amp; Osc, Mix| 30 20 '(.CES) ) . 5 10 mA 200 400 ) 20 typ - T0-72;_ T4 |,
pooar 3 - . (TA=25°C) T
ECG167 NPN Si, Vldeo IF Amp 45 45 (CES) 4.5 50 mA .180 800 60 typ_ TO-72 T4
L "{, T TN v (TA=25°C) - o b
»No:es . Mg, Matcheipa;v*’{;c& PZ;&;‘*‘;%_‘»‘I:'-_ ! "s; % W?d‘\"fv‘;:v age 1-78.,
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Transnstors‘(cont d) (Maleum Ratmgs dt Tz 2

i

” -Ma

5°C Unless Othe_rwnse Notedhﬂ o

= o i

¥ ESUSERNE s(oto
! Lo ’\ mitter Device * | ‘- ln ~Current
I v ! N
. Descrlptlon and { Volts Diss. Pp |} MHz . +2Gain 2|~
ECG Type* Application | BVg Watts fe. WEE :
ECG85 NPN Si, Sw, ‘Gen Purp Amp 4 . .1, "1200-min - |120 !-nin:
. v gy, v ma=z0 |= o | L Es
ECG88 NPN Si, Hi Galn bcC Regulator 6 15. 400 min’
¢ Amp . F ’ T
ECG87 . |NPN- s: Hi Pwr Linear Amp 5 3 ” 20 miri
ECG87MP* | (Compl to ECGBS) T v
| ECG88 PNP-Si, Hi Pwr Linear Amp . -
/ | ECGEBMP* | (Compl to ECGB7) S -
ECG88MCP| Matched Compl Pasr—Contams 75 . 20 min * [TO-3 T28
one ‘eacH ECG87’ *(NPNI'8hd ¥ ted s mag]
ECGE8 (ENP);, ' » Y
ECG89  |NPN-Si, Hori f',‘“ u’tBJuwuh B Smin  |T0-3 |T28 -
} Damper pnode :Ppg‘%'l;?B *f.f*\ -~
ECGS0  |NPN-Si, Hi Gain, Gen Purp 5% , 400 min TO-92M |T18
Amp’{Compl to ECGIT)” {TA=25°C) :
ECG91 PNP-Si, Hi Gain, Gen Purp \\| /8 F1180. , 71400 min |TO-92M |Ti8
Amp (Compl to ECGS0) 7 "\ (TA . 250 C) rﬂ{:: i .
u Y £ e M)+ o -
T 4 L v w ¥ .
ECGS2 NPN-Si, {AudiclPwr Amp, Hi 3t 8. 9205 [120typ |TB-35 [ {T44-1
) Speed Sw’ (Compl 1§ ECGI3) > :fx L2 " 5 ;.:‘: ! - . .
ECGS3  {PNP-Si, Audior PJV‘;" i e P ?Q, % RS P
. Speed Sw (Compl ¢;ECGS2) R .
ECGI3MCP]| Matched Compl Pair-Cdntains . 6__‘ "? 120 typ |TB-35 |T44-1
one each ECG92 (NPV} and ¢ - ’
ECGS3 (RNP) | ,M 2
ECGYM NPN-Si, Gen Purp Pwr DC s 2 5‘,, fin 30 min {TO-3 ' T28
Regulatof . 1“3\ . Pl ot
1 ~r" Ssa ' A TR g .
ECG95 NPN-Si, Hv Ampk S\‘J“ W[40 T |somin [TO-B9. [T31
Isolated Stud # g}é‘j{‘ B {isolated) | -
ECGS6 | NPN-Si, Medium Pwi-Amp, - i 0 min  |60min |TOB9 [T31 |
« SW |sola~ed sﬁ.ld 3‘\]‘;{1:‘ ’: % s 2 2 1 (Iso]ated) .
= B + < O - T a4 -
{eces7  |npPnsi, Hv“Dalnmgtén Pwr g Flas " lomin |To3 "|T28”
. Amp, Fast:Sw, t§=.5 psec =X "’sgg Y -
ECGS8 NPN-Si, HV Darlington Pwr 28 voplad Lo laomin [Tos [Tes
. Amp, Fast'Sw, t¢=.6 usec ] ‘E" e ek "
ECGS9  |NPN-Si, HV Darlington Pwr 8 -3 |25min |Tos  |T28
- Amp, Fast Sw, tf=.1 usec
ECG100 ~|PNP-Ge, RF/IF Amp: "Osc; 20 - 1505345 # 40 typ at|TO-5  |T5
Mix s te T =) (TA=250C] | 3% 455 KHz
ECG101 NPN-Ge, RF/IF Amp, Osc, 20 5# 40 typ at|TO-5 T5
Mix =250} 455 KHz
ECG102  |PNP-Ge, AF Driver, Preamp, 20 T2 YPtyp |[TOE |75
Pwr Output (Compl to ECG103) TA=25°C) -
ECG102A |PNP-Ge, AF Driver, Preamp, iz . 123 120 typ |TO-1 - |T1
Pwr Output (Compl to ECG103A) (TA=25°C)
ECG103 NPN-Ge, AF Driver, Preamp, 20 . 24 90 typ at|TO-6 T5
Pwr Output (Comp! to ECG102) {TA=25°C) 1 KHz
ECG103A |NPN-Ge, AF Driver, Preamp, 10 25 105 typ |TO-1 T
Pwr Qutput (Compl to ECG102A} : =25°C)
ECG104 . [PNP-Ge, AF Pwr Qutput 20 10KHz# [90typ |TO3 |T28
ECG104MP*
ECG1056 PNP-Ge, AF Pwr Output 20 10KHz# |90 typ |TO-36 [T29
ECG108 PNP-Si, RF/IF Amp, Osc, 1 500 20 min |TO-18 |T2
Mix {TA=25°C)

Notes: * MP - Matched pair
# Frequency et which common emitter current is 70.0% of low frequency gain

* When alternate packages are shown it indicates a change is ih progress. Although only one package is available both packages will be shown as long as the obsolete
package may be encountered in the field.

Package Outlines - See Page 1-78
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REEE

Transistgrs A((_:,Ol‘!tﬁ' d) (Maximum R.atin‘gs,qt Te=

26°C Unless Otherwise:Noted);

i e Collector Collector | Base to Max. Max. "’ —‘-"F}e‘q. £ . “‘P;cl:aﬁe'ﬁ‘rﬁ &
oo To Base " To Emitter | Emitter | Collector Device -| = in Current ISEEERS e B
Daescription and Volts Volts Volts® Currant Diss. Pp MH2 Gain . > s Figs ‘t,(
'ECG Type Application BVcso | BVero BVEBO | Ic Amps Watts e heg . Case - qqf ‘;;
ECG162  |NPN-Si, Vert Defl’ 500 3007 T, 18 [3cont. 100 TN LI L |20 min |TO3. | T30 2 B
. : "% 170 pebk L ERLS RO «-9:1:‘{ o
: ‘ - v . TN = RGR
ECG163A |NPN-Si, Horiz Defl 700 700 (CEV] | 6 10peak [100 7 [ ° 10 TO-3 /.|T28: |4
ECG184  [NPN-Si, Vert Defl 1500 700 (CER) | 6. 1 50 Smin  [20 103" |T28- %
ECG165  |NPN-Si, Horiz Defl 1500 1400 (CES) | 5 50 5 1103|128
ECG171  [NPN-Si, AF/Video Amp 300 300 5 5 10 75 40 min  [T0-202 |T38°
{Compl to ECG296) - : L
ECG172A |NPN-Si, Darlington AF 40 140 12 3 400  [e0 7000 min|TO-92  [T16e |
Pream;?,;Mé.dilfm-Spe&wg‘zW 2] ”‘wt'x‘:"% :: : : ! : . "N::t‘ ”‘: : ] n‘m : . A ‘ B N
ECG175 NPN-Si, /46,Bwr Amp 500, 1) SN T :',#r 6 3 190,37 '::g i [o0we [To6 [125°
> ' 3 L PAPIAIRE L 'v‘r:uw 0 -:‘ ‘@}'sz' of =%z : s L - K]
BCGI78  |PNP-Go AEIPAE AT, | (2573 1, 298 L oupailetlon 5 111 [6 1 rohkpd s [110np [TO39 |6
ECG178  |PNP-Ge, AF PweStps, ¥ (90 96% ¢ ¢ T 3&%: pi:o1[106 P35 hhin [55typ [TO3  |T28
BCG17SMP ey ﬁ‘gﬁ' Lol WS 3 i o by ‘L“ff” K
ECG180  |PNP-Si, ARAMp RIS © o 7 5598, Yt lﬁ% 200 i
(Comel to ECBTBMRLE ) 1| A bclidhes 3o dle LB ARG Tt M ey | ‘
ECG180MCP | Matched €ompl Pait- P ns' 1100 "5 30 100(CER; 1} 4 R 20054 ggngm B min |TO-3 [T28
- one eath*ECG181 (NPN) and 7 31,5 e, N &g ;»,,_t e | -
. ERE ] LR L . 4 Y
ECG18) R, U e L ,
ECG181 NPN-S&,:A;-?# T 11100, ¢ 35 100 CERIGT ¥aeihe [30 . S dnin! 25 min [TO-3 " [T28
ECG181MP* | (Compl to'EC3150) ﬁ;j; R L R e 2 Sy ‘a‘,‘:~ @ ' :
ECG182  |NPN-Si, AF PWr Amb/Hi ¢ ; + | 100, 80 %" U100 ] - 24+ |30min [TO-127 [T46
MY K -y B Hr 3 r 3
Speed Sw (Coinp’}(t.":‘?c@!ag): A, tre {23‘1 g ﬁ' D i . -
ECG183  |PNP-Si, 'AF.PWrAmp=Hi,* ; * 3 IR TR iy |2 30 min [TO-127 |T46
. Speed"Sw (Compl tbjﬁCGiE{zi A e e 1
ECG184  |NPN-Si,;AE Pwr Amp, Hi 5 T2 e 30 min [TO-126 [T45
ECG184MP* | Speed Sw.{Comp! to ECG185) 1 1?
ECG185 PNP-SI,;AF Pwr-Amp, Hi - TARTAS ) = '
Speed,Sw 1Commipt 10°ECG184) Qledi [, o sy
ECG185MCP | Matched CombhPair-Cantdinst Gl S+ 130min |TO-126
. one each ECG184-(NPNand « YRR | ¢ ) : y
ECG185 (PNR): GuXSeaRt | 1 [ 0ty \ :2@‘}?}' e} .
ECG188  |NPN-Si; AF PwrAmpLifs ! - Oﬁ,i‘z,w:'.‘{% 160, « %1y 5%’;& 341 4 1 - |sotyp |TO-202°
Speed.Sw (Compl t&FCG‘lﬁ?) ~‘s’t‘z‘zfa:1'f, ,: # \ ', i i 'gﬁ‘gl s3] i; e :
ECG188A | NPN-SiARPwr Amp, Driver {50 . 331803 ;«i5 [ 5 3%* 1y [80min |TO-202M
-|(Compl t5 ECGI87A) R L R R SN
ECG187  |PNP-Si, ABPW AmpsiHi_ 1~ {70+ s<|60¢ il |3 125 9450+ ¢ |80ty [TO-202 |T38
Speed Sw (ComMplo"EGCG 186 X, g A
ECGI87A | PNP-Si, AF PwrAMBL 32, ¢ 150, . 50 5EE L g 10 150" - |80'min |TO-202M|T39
| (Compl to ECG18BAYAS < , L R R L .
Y PPy . g R o] gaasllots 3 . ¢ SPNN -
ECG188 (r\é:t::n sla,tgklé :(;I;I;;Tg\&[,/}mp 80 S FafBy ot 1 1) ANAENIAS RIS, V1O 80typ {TO-202N|T36 ,
ECG189  |PNP-Si, AF Driver, Pwr Amp |80 80 4 2 10 50 80 typ |TO-202N{T36
{Compl to ECG188)
ECG190  |NPN-Si, AF Pwr Amp, Horiz |180 180 5 1 10 100 40 min | TO-202N| 736
Driver
ECG191  |NPN-Si, HV AF Amp, HV 300 300 6 5 10 60 40 min [T0-202N|T38
Video Amp (Compl to ECG240)
ECG182  |NPN-Si, AF Pwr Output 70 70 (CES) 5 1 .700 120 min  [150typ |TO-92HS|T21 }
{Compl to ECG193) (TA =25°C) .
1
] {T¢c =25°C)
ECG192A . | NPN-Si, AF PO 70 70 (CES) 5 I 120 120 min [T-16HS [T22e
{Compl to ECG183A) {TA=25°C)
ECG183  |PNP-Si, AF Pwr Output 70 70.(CES) 5 1 .700 120 min  [150 typ |TO-92HS|T21
(Compl to ECG192) (TA=25°C) :
1
(TCc =25°C)

Notes: * MP - Matched pair .
# Frequency at which common etnitter current gain is 70.0% of low frequency gain i

* When alternate packages are shown it indicates a change is in

package may be encountered in the field.

Package Outlines - See Page 1-78

progress. Although only one package is available both packages will be shown as fong as the obsolate
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Transnstors {cont'd) (MaSirhlih Ratings 5t iz 5°c'u‘ﬁlé’éé?@fﬁ*e”ﬁ}aig’é'iﬁ‘c‘;‘?é&),ﬂ';a ~

bl P . LY Collsctor | Collactor .| Base to | .Max. & Max. ;.| "Freq. = et | -t Package 14| ¥
Y . " ToBase | ToEmitter | Emitter.|*Collector | Device “In 37: Cuirrent, [~ ;
. Description and : Volts Volts Voits™ | Current | Diss. Pp | s"MHz | ~*Gain W] A |
ECG Type v Application ) BVego, BVCEG | BVEmO | Ic Amps | Watts Ay SRl hgg | - Case [ Noz |3

ECG20A |PNP-Si, AF Pwr Amp * bR A R '»:':'-»*:"Z"r’/g ‘i)fé"'»%"- L 4@":‘»:'?‘3-“
; . "|{Compl to ECG289A) ! P [ A4 IR e
Eca2s0AmcP | Matched Compl Pair-Contains | 100 80 5 ~ 5 .| .500 120.;. {100 min TO-92£‘:
one each ECG289A (NPN) and - {TA=25°C) MY A o
ECG290A (PNP) - - : . N
ECG291  |NPN-Si, Pwr Amp; Sw 130 120, .5 4 40 4 min 75typ |TO-220 [Ta1 |7
(Compl to ECG292) - .t I
ECG282 | PNP-Si, Pwr Amp, Sw ' ' N '
, {Compl to ECG291) ‘ . w |
ECG232MCP | Matched Compl Pair-Contains | 130 120 - 5 Y17 typ |TO-220 |T41*
one each ECG29} .(NPN) andaih s » : O ’ -
ECG292 (PNP,)I 9’?'3: L Hh ! I IS
ECG233 60 vt | 50&mech e W[120 min [T-16  |T20
ECG233MP" RS e L T
-, ’('l'l‘!‘h‘l& I!: ;.
firaresity. oL 3 4! “
ECG294 507+ ; ol 50 (120 min {116 [T20
itedy
f5+ 1 e £ ]
1phgt il e : ' ,
1.3 2ANE 1 glll l).. .
ECG295 _ [NPN-Si, RF Qafa”/Driver 75 o 400 f;r’i_,\, 1T {45 5 R EE ;" ; 20 min 1TO-126 |T45 |
EGG237  |NPN-Si, AF bny L;gmp 80 809 b Alpeak: .75« i1 11200085 «[130 min |T-16  |T20
ECG207MP* | (Compl to EqG’zgq S I sy o) S sl Y s, tTArzsoch SHE 0k 1 -
ECG298 | PNP-Si, AF Driver/PWrAm: " 80. 151 80 ¥R ISR hea, [ 76 ¢ 12078 *[as0 min [T167 [T20.
(Compl to ECG297) ¢ & %"5 S ;;;f:;_.‘}. * ﬁ*}%ﬁ(i (TA=25°C) £ o
ECG300  |NPN-Si, AF Pwr Outpu TR 5:3 4 1 [1:58qAg% 1 7] 80 min |TO-202 |T38~
ECG300MPe | (Compl to ECG307); ¢ $¥RRi] + 1 ¢ i|: R s 1 _.
ECG302  |NPN-Si, RF Dnver/‘Pwr Amp“‘ 100 Pleo™ 1 16ty 17 peak: [8 200 min {70-202J [T37
ECG304A | Tehnsistor .Klt SggﬁPagevl_M - S & : 4 }.‘}’ Loy | - ;._. - -
ECG308  [NPN-Si, RF Dﬁi@?/m&,«fn“pgt 100050 5091555,, s [ BAolT5 peak 817 £[200 min |T0-2024 [T37 |-
3 e 3, '3 . i AM‘Aﬁ v Ay ;“\g. < 5 e _ .
|ECG307 ¢ |PNP-SI, AF Pwr Outputsg%g? 50. 3 ; PENC K B‘"@%‘ ,‘1.5‘.5 3 1190 min- [70-202 (T38

e,

J(Compl,to ECG300). , 3} )
ECG311 . |NPN-Si, VHF/UHFOscf hip « LN 3 3.50 21 4
Driver veledd “Fi ROl y,ﬁ.*?}a Tl |
ECG312  |See FET Selector'Gmde T ! :
__|Page 157 ‘@fﬂ' oA

ECG313 NPN-Si, VHF Tuner,ﬂRF Amp

: rd ’ ’ ,"'(' ‘
P— LR \,i

ECG315 NPN-8i, RF Dljlver . it e

25 min" [T0-39 - |16 - | =~

Wl o ST e )

L I I P
oe P

S A il

i
<
w»

)

)

H

| 4

]
”"il-a},”i g byat) r(TA=25°C) s M :
80, ! 6 FRE[EEle 75t 1T [0 1 |200typ |SCET |T19

o
-
-

[
" O
o

T VR
-

e o

- ek
"8
e b o o
b 4 s e
h’: ‘A .
g - .
-
|-
gﬁ'}
ol
LA,
PRated pgltgy B
-

o e, | . dl S .
ECG318  |NPN-Si, Lo Noiss UHF; Arqy‘a 30 ; 5 5167 3,8 ¥ ¢ 450'MAT: 1.20054%] 1400 25min |TO-72 (T4
(NF 4. 5 dB max 450 MHZ" f‘l‘ H ! L£Y m}l |1 4 1 £ § t*ﬁv !? H (TA=>;5°C)- %ka%"
ECG317 NPN-Si, RF Pwr Output 36 36 (CES) 4~ 15 220 |- 10 min |RF-50F [T58
(Po 70 W, 30 MHz) ] : ]
ECG318 NPN-Si, RF Pwr Output 36 36 {CES) 4 6 80 -- 5 min RF-50F |[T58
, (Po 50 W, 30 MHz) . :
ECG319P NPN-Si, AGC Controlled IF 40 30 4 50 mA .5 300 min 35 typ TO-92 T16
Amp (Inciudes Metal Shield) {TA=25°C)
ECG320 NPN-Si, RF Pwr Output 36 36 (CES) 4 6 80 200 min {5 min RF-50SS | 155
£ (Po 40 W, 175 MHz) . '
ECG320F . |NPN-Si, RF Pwr Out 36 18 4 6 80 200 min 5 min RF-38F |[To7
(Po 40 W, 175 MHz) . .
ECG321 NPN-Si, Horiz Defl 1600 700 5 1.5 15 - 1.5 min |TO-66 T25
(Tc=25°C)
ECG3Z3 PNP-Si, AF Pwr Amp 120 100 5 2 1 30 50 min | TO-39 T6
(Compl to ECG324) {TA=25°C}
Notes: * MP - Matched pair Package Qutlines - See Page 1-78

# Frequency at which common emitter current gain'is 70.0% of low frequency gain
* When alternate packages are shown it indicates a change is in progress. Although only one package is available both packages will be shown as long as the obsolete
package may be encountered in the field. . .
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Diodes and Rectifiers (General-Purpose):i:%!
e Yo o g e e g g s o e A et s i N L T TR A it -
.l [ t+ «o] -Avprage -] Forward L Lo ~ * “;’;L "‘:}:’::?u AT '-:
. ¥ * Peak Rectified | '-Current . Reverse | . Forward I DL B
Reverse Forward Repetitive Recovery Voltage | R DR Y
" i Volitage Current : Peak - Time Drop ™+ .| Fast | Gen Fast%.:| Fg.
ECG Type = Description *PRV Max V- 10 Max IFRM Max | ~.:—trr A.Max VF AFC | Sw | Purp Rocovo!y ;!\].o:x .
[ECG109 Gen Purp . | Ge [100 200 mA- _ |- I P P E
[ECG110A  [Gen Purp * Ge [40 50 mA 1BOmA |- i -
ECG110MP . |Matched Diode Pair | Ge |30 15 mA - -- -- o |
. . . at 60°C ..:
ECG112 _  [UHF Mixer (Schottky) | Si |5 25 mA — 5 at 60 mA 0 Tl 24
'ECG113A Common Cathode Si |100 15A - - 095V o | . o AL
Dual Diode, Ceriter - at't A T
Tap, TV Horiz - - wroe | -
G114 Series Dual Digdes, o imi - o ° ° s z12,
e IS O N £ R v AR b R e : -
ECG115 *  [Common Anod 20 ) finy N {:: ' N ' hloe - |z12.
Dual Diode, ; 135, 3 ¥y 1 - ey ; s !
AFC ?A:: O O IR B b N R i At
ECG116 ~  |Gen Purp Redt " WAIES W) 1A “G'i:,:-;-.' o %:: Q.gV:atJ‘A'%:: o (23 |
ECG"7A@§]§;§ "’“‘%%5 @%gﬁ Lo abs A ~ L T LT 5 . 710
Metal;Casa; %} &y § %ﬂ ierart o 2 g 0K t T HV%S' R XY
- T 1t £ R I bt e L0 e 48 s S
£o0T0 [ fColor TV CorbigRes LeRIR:, | SACREATA 1 {11 v [0+ |- SRR, [, [ o il
ECG125  [Gen Purp Regte 4 ¢ [ ST7[7000 ¥ AR L R deVERAlEel s | o z
S l: ZS.FLL?Id‘?‘;!:S foa = .lnu‘ gx“!:l .
. : :I _:u‘; Iggygr?fxw;'!h:r:% ) !:l: v”_»;’x: - -
ECG156 Gen Purp Rect? SIALI000 43, I3°AY Y N F; 11 viar, G 1y ® Z6
. ' AT B R a2 ; %s' {5 f c -
LR Yy e Y G (RE R v Y] B et PEE A d il I “9:‘ 2 !
ECG177 Fast Sw, Det, etc. , (12001174 Ml160 mA 250 mA ¢ 50 fi’%;‘; 1.04/,at Kl e 74
‘!!fx 1EALAR T xfu:‘x,.{ﬂuu 1: ?"{3 fv 10‘0:})'!_'4". v
ECG178MP [Matched Diode Pair: ;  Six[502: 1 ; * 31| 75 AXEA |10 mA | 1 | By | 1oV ateslae | z5
AFC,AFT,et:GE:f:’l %;{;ﬁg;:;’ Xm%%::.':ai ;ﬂv:s 561‘;,"’?"%::
ECG506 - |Sw, Fast Recovbry, | Si 1400 2A YEGRISEA,  |500ns™h T 110V at A [G0A] e ° 26
Bst Damper, Blanking; " Lo AN .P3;§ TN i
ECG507 Gen Purp Regtl, (Sia[e0, 11 i 250 ARt 3 [1.9: ;atg%  f °. 26
Gating, Centeri s M M ot SR MR ' .
ECGH15  {Sw, Fast Recovery,  {55/806" § 7 4[3 A “1oA T3S {13y ataa| Nl e e |z
L SCR Defl Clamp , ¥y JAZH B |1 ¥ ettty | 1adate | 1o st
ECG519 -_|Fast Sw Diode} 1 3 ¢ ; ;(‘sf:@ A 200nARk, 1450 {ANSEE. ! } VG, | @ 238
— itk R if‘m An‘lli : ;4" U!ﬁ{:‘n:x; x5 m h : FUEY -
ECG525 _ [Sw, Fast Reovery i |2000 e 500 1% s * [2V af 2R K| 10 o |zA
Damper :véﬁé 1 %, | (Fwd Rec) 7, vy’
ECGE51 ﬁi gggsﬁ SCOVEYY, ¥ £ ST, . [1BVat2A|SgL | e ° 29
S P TR VR Yy K ] X b e s d PSR )
S ol £ s O A
ECGB52 __ |Gen Purp Rect, :‘ ; L ' 300‘;% sgz : 1BV at "ﬁf ' ‘e ® .. 3
Fast Recovery , 1 5 U sy ] ‘;9‘59:51,! - ~
ECG558 Gen Purp Rect,s 4 * ¢ ---.’;';.%%;‘:1% | e 'Y o |z
= FastRecovery,"H\‘/'” ety ot B e |
ECG583 )/ Fast Sw, Soft 100 A 200 ns 11V o | o o Z6A
-~ Recovery - N
ECG578 Sw, Ultra Fast 150 A 35ns 1.25V at ° ° ) ZBA
Recovery 5A
= -
ECGb677 Sw, Fast Recovery, Si {1000 5A 200 A 70 ns 1.7V at5 A L4 K L4 1Z6A
HV
ECG578 Schottky Barrier Rect’ | Si |90 1A 50 A - BVatiA ] o Z3
ECG579 Schottky Barrier Rect { Si |90 3A 150 A --- 8Vvat3A [ ) ® Z6A
ECGB80- Gen Purp Rect, Si {600 3A Single 250 ns 1.3V at ° ° ) Z21A
. Fast Recovery Surge 3A
l 100 A
ECGB81 Gen Purp Rect, Si [400 8A Single 200 ns 1.2V at ° o i) Z41A
Fast Recovery Surge 3A
¢ 150 A
ECG682 TV Damper Si |6000 300 mA Single 300 ns 8.0 V at L Z17A
’ Surge 100 mA
L - 100 A




Overvoltage Transient Suppressors —gﬁ-

Metal Oxide Varistors (MOV)

e bel Mo uts Y 2o

K Y

i A

* awg

P TR VO R S

Maximum Voltage Nominal Transient
Varistor Peak Power
RMS DC Clamping Voltage Energy Current Dissipation
ECG VACM VDCM vVCL VNOM wim IT™ PD Figure
Type {Volts) {Volts) {Volts) {Volts) {Joules} (Amps) (Watts) No.
ECG1V010 10 14 42 18 8 250 25 S11-1
ECG2V010 10 14 39 18 3.5 1000 6 st12 T
ECG1V014 14 .18 47 2 .9 250 25 S11-1
ECG2V014 14 18 43 2 4.0 1000 6 S11-2
ECGIVO15 15 20 52 24 1.0 250 .25 $11-1
ECG2V015 15 20 48 24 | 45 1000 6 5112
. Ty L TTEx ——+ + A T T
ECG1V017 70t TN BTG o e f TR Y M ets ] sna
ECG2V017 171 K 5 ook '] 0 10D ' S11-2
ECG1V020 . 201, Y RHL R TRV R 1125 S11-1
ECG2V020 201 ; :l::§4' 4 |33|::"1"1 Y, lfI:t'l‘ ﬁl: ':':ﬂéﬂ)' 1.3'5 . 8112
ECG1V025 25 " 1]y u,7 TiTzg  VERIGINEE, | it g T 250 1T 25 s1-1
5222\1025 25, 1y sl | oy i, 39 ! 20t XAR00, 6 | st2
ECG1V030 302,84, ' 47 e f Yt 25 -
ECG2V030 MR 1’5-2!@': R iy s R e St
> b T B 10 P L 1 TN WAL
ECG1V035 B, % 107 * SPPENR 155152, 22 250 WA £ 4 .25 S11-1
ECG2V035 35 * s Sihuds , v 103 + WL to6, 32, 10.0 o 1 300D 1,.6 s11-2°
T AP KL R AR X X PR A R A ¥ ] L3 ¥
ECG1V040 40 * + SRR DDAN. HHH 1681 0 R 1125 S11-1
ECG2V040 40 RO b 4 1 1% R ;::::-,'ndoo VRN , 5.6 S11-2
ECG1V050 50 i . IR YRR S5 S11-1 .
ECG2V050 50, 1,4, 1] €, o0ty o 82, vyuls ARG o s 000D, 8 s11-2
“ECG1V060 608,84, :::'W’:‘};‘ L 1008 ¢ ¥ o' 2 ';t:l;l;}.s r*;‘:l,‘,'s’.‘ 25 S11-1
¥ L p 21 s . ;1 Lo s,
ECG2V060 60 1} ] 85 "R 165 FOPTRL 10Dr [ o oy ! 4500PRQTHs 5 2 6 - S11-2
2 JUKL A L s L o 5 0
ECG1V075 75} QMKL}_QO , 198 ¢ XXLpAR {0, 5.0 , 9200 DOSNS 125 S11-1
ECG2V075 75 ' s ARO[ 2 1y 19g o BRI {20, 5200 s vn 850D 1,6 S11-2
LS8R STTTERY S FE S T X L I @ AP ey S T
ECG1V095 95 ¢ VDRI b 1y 205 IRk 15Dt KA IIRRERAGDT Y § 1 ¥y 1200 YANIR 4 £.25 $11-1
ECG2V09%5 95 255t | ! oy ¥ 3 R
Ecaavose e MR o TRRp g0 Do Sz
15 o P OSTRSIPALL L, 171 5 *[s SEREID: 1 ot EN2000s 25 S11-1
(NN K c ; s
ECG2v11S 5 v i {e e U r d SOSRR, 170, 1ol S0 | RGEOXA, .6 5112
ECG1V130 130 150 760721 A0 PNANIARN 208" 4 3 o[ PN00nt o ] VL2004 125 s11-1
ECG2V130 130 :.% 175 340 + OhRRds 208: 5, 3% ' 4500 XRXChs 1 ¢.6 S11-2
e s L e _ P e
Ecomaavis | 0 iKLae | vo L) B b Sl 0 a1 L OOV .0 511
ECG1V150 150 * BRI ;Egigaga{' PN Jao O Ayt 1 4 ¥ 1200 RARGH 1, 25 S11:1
ECG2V150 150 R | 1 ¢ hos 4 COREOND ) ¢ ] 2 3 4500 ' 6 S112
i JAs Vet el B e
ECG524V15 10, ,:;qq@rgff?:; pad 200 o[t SN < R0 1.0 _sn
ECGIVITS 175 % ¢ 1 { % 5 SEBINCF o ! 270" 3 ¥ 5[0 OROWRAL 0 PRIONNGR, 2 S11-1
ECGS24V17 | 175 225 440 270 % - 6500 1.0 s11 .
ECG1V250 250 £330 650 30 7 17 1200 25 S11-1
(ECG2V250 250~ 330 650 30 / 70 4500 6 _S11-2
ECG524V25 2% { 30- 650 3% 130 6500 1.0 - s11- -
ECG1V275 275 350 700 430 200 | 1200 25 S11-1
ECG2V275. 75 350 700 430 75.0 4500 ... 6 S11-2
ECG524V27 275 350 700 430 140 6500 1.0 st
ECG1V300 300 385 765 470 20.0 1200 .25 S11-1
ECG2V300 300 385 , .765 470 80.0 4500 6 ' S11-2
ECG524V30 300 385 765 470 150 6500 1.0 s
ECG2V420 420 560 1110 680 90.0 4500 6 _. | (S$n2)
ECG524V42 420 560 1110 ‘680 ) 160 6500 1.0 S
ECG2V480 480 _ 640 1240 . 750 105 4500 6 S11-2
| Ecas24vas 480 - _6% 1240 = | =~ 750 180 , 6500 1.0 s11

- AN . v
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Phase Control - SCR S e
" * ITMaxF d N o ey -
[—fVDRM ITRMS - All ConductionAngles . T e orw?: Current(Amps) - ,.';‘*:"‘. ',},,‘“z, ITAve - ConductlonAngle=1w°
|rms| .8A 3A . 4A 5_A - *7TA- |, - TTVBA Y "-"’”;\- I 1A
Av. | BA | 1.8A 25A © 3.2A 43A TBA e T g AL
30 ECG5400 ~ |ECG5411 |ECGB452 5 e W o
50 , ECG5453 |ECG5470° | - ECG5442 |ECGBA81 | -
60 ECG5401 ECG5412 ] “ soems |
100 ECGB402 | * ECG5413 |ECG5454 | ECGB471 e |EcesaB2 [ -
200 ECGB404! | ECG5408 | ECGEN 14 | ECGEABGY| EG AL | ECGGa1T |ECTaaay b7 VOUIEE 54445 ECGB483 [ECGB417 | .
400 ECG5405! [E[{65409 |ECGB415 |ECG5457 [EGGEATA 3—:dc55§12 ECG5428 |ECG5437, £t 393363 FeG5485 |ECG5418 |ECGBA26
600 - ECG5406: |ELGPRINNECG5416 | ECGB458] LECGOAY6,| ECGHI1IMECG5429 |ECGRA: |[ECH E¢5487 |ECGS419 3
IGT Min 200 pA # | TR ARATZ00 A, [200 e T0G0AQ < |15 mARK 157y , [2D0 jA 1 :;op% _zq_;ge,,v 15mA 200 pA #
VGT Max (V) {0.8 1.5 “j%m : o:.zz 15 ™20 THRIEEIRET TS LT [15 “9‘2:%?;» 1.5 {o.8-
Surge ()60 [3p.i+ BIE0R: [20ad0lac0 a0 i o0l [0 Siihls 100 (100 o0
IHold Min (mA} (6.0  * :: 5.02%, ® [3.0: : H20%0, 29: f :; 420 +|6:0 ‘a 5 39@.‘4)@ 25747 [30 |30
VGFM (V) 80 1 603, 2 [6.0 T G0k 5|10, 11 e 60RES " [5:0 T SR Jou's 5.0 5.0 -
H X ] % ] N Py - e =
VGRM (V) g0 : 6.0 60 114 S0 |50, . [6.0 50, 8050 loeme, |50 50 .
I I e P EE R T T E TR e Rl O
PGAYW [0t s aﬂ‘@' o.(;;s' o%ﬁ?gg: 0.5 2 ‘f,:i%-’;ﬁ 0:8 + e |0/S20NNE 05 0.5 05
Operating —68 to 30 Yo witio ~40t0 +110 “}fgﬂ‘g [ 55 20 10 3170 5[40 t0 ~40t0 +110. -
Temp. T°C | +125 | R c;:'%t; L) PhdQ0RG 1| ¥ ¢ el +100 SR
dv/dt (Typ) 1! : “‘}%%‘*’ 10 AR s
Viseo |2 e 1% PRI, et |) o i | *
Fig. No. 26 . b R 24l L1J* za%‘gﬁ\j 248 4
Package TO-92 s T0-126 |TQ-202: ; i, 1 TO-220% ¢ [TOAIZEH TO-64 Isolated Tab
4 i 30 b y
': ;}V‘?’?’t-’i g*“: : 2?:r4:: -r;’u :: = T0-220
3 N ] L] b ] et 11 5] 5l, 8 1O
S =i oy i o4 rRir | R
! Bh € 'R M (~ -
TIT | 2Bl |t L
] . “ . i ¢ 4 2 . -
003 HTRT (e gl
¥ iff 1 s 1 l" i ! -
9 . Heoi— N -
i N e : X : -
»§;~ SR B et - 2a
Erd B l " é pogE R
i perivalits N TS F i )
£ Return Gate to Cathode throug}ﬂooo-ohm “qu:m ' ;ﬁ% ; s : ¢ Package Outlines - See Page1-112
* if ITRMS exceeds 4 A, anodg cqnnecuog?pys# made io ca\ n 3 : % &s .
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_uama MeInenT M, “ wemwndde » Bidnmselind i1t 2540, Auiiniafi 3

[ 4 E 4
Audauiina TeewTude, ngadnen 2540, wih 17-21.

. A3.3302 fuyugsuSa, “ Uninterruptible Power System,” Thyristor Application

nih.

. A3 zxwf YUY , “ Semiconductor Material ,” Electrical Engineering Material ,

wh 12-17.

. giand A, «yy - Yo asuneine , » madauazmseenuyvaiaFuniuiesdn

»
L) @ A X 4 o o -
wae 2538, Ruwasan 2 uTneumalne $1ia , iquigu 2538, i 41-45.

. Asia communication , “ LM317L 3-Terminal Adjustable Regulator,” POWER IC'’s

Databook 1995 , Asia communications National Semiconductor HK Ltd., 5% Edition
1995, pp.1-126 up 134.

»
. sead ussesdas, « szunIdhgaiiu/ dhses » gnsaliasnsdad

¥ 13
sevu T 2537, faniesedi 2 vhinddagiatu $10a @), 2538, nih
394-395.

. 952 939995, “ HAnAISHAT AN MINABNYDA Visual Basic ” (FoudA VISUAL

A =[5
BASIC 2539, Maminsah 2 vSun@Bagadu $16a (i) , flania 2539, nil
17-19.

v W ain, - 4 o
. So¥ml inunygRs uavawe , « usnFumsFoug 5oy VISUAL BASIC dmiy

WINDOWS 95 2539 “, uStmibagiayu $1ia i) , 2539, 600 nil.

. Ton¥s 1RW353, Visual Basic 4 T1M3Y Windows 95 Step by Step , 13N MEDAYIA

¥u $107 @MY) |, 2539, 484 i

10. niifund Anlszialy, < eynsuyiSos” ndlamanimnssuIWihn 2538 fudin

guituaSungammwe , oo 2538, w1 1-11.

11. 2598 udlnfiu uaziieu, “misi¥su Isunsuunsu Iaad@ae Visual Basic maljiia, «

- o 4

vinddagadu $10n Qrnv) , 2537, 566 M
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12. fhednnsesufiased, « msAadaTusunsyTaoms1é Setup wizard ,” WaIu111s -
unsuR0 Visual Busic 2538, wounsuiianed , 2539, nil1304 -307.

13. taong szuentumi unzien , “gfounsninfszgnd 18 Ty Tnsnewu Insanes, «
u?ﬁw‘i;ﬁﬂgxm‘}”u $1ia (UwY) , 2536, 380 M.

13. weoon samzdloz, “ns 16 TuInsnou Insamesassga MCS-51, Amgananssu
mani aoniumaluladwszeoumndudgunmsmanseis, 2537





