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ABSTRACT

This project emphasize circuit design and implementation of Backup Station. Namely it
consists of PV - indicator circuit, voltage to current converter circuit, interfacing unit, MV
display and PV display. There are 3 function mode ; M (manual mode) , A (auto mode) , and C

(communication mode) that can be selected by operator.
The principle of this Backup Station are PV ‘s holding, sending MV to final control

-

element and interfacing to computer with RS-485.
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TRANSMIT DATA | 2 2 ?recsive data
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— +15V
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(SPACE)
: |
i
- +#5V |
twdauaaius —————— 0V (circuit common)
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>, ~5V
anan 1 f
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—— -15V
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-+ +15V i
aa3n o |
(SPACE) !

— +3V

traldauganus —~————— 0V (circuit common)
- Eay
aa3n 1
(MARK)
~ -15V
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Sasusa AT (HA)
110 2,750
300 2,500
600 2,500
300 1,750
1,200 750
2,400 500
4,800 250
9,600 <250
19,200

¥ A 14
anuduiufluaswilldnanes 1 hidel] 1983 uar lumsnageuassargaanse
dedoyald 20 Ada  Sausidasuda 9,600 Taldme 1,000 a uasiidasuia 19,200

o ’ A - = M J as
dwmsume 750 e sziuldd dszAnEnmmsddtudurmnnionsieuvessiauag

aglidesaedy  Taomwizedssnsnaulureessaunldifiu Line Driver a2 Line

Reciever 1U RS - 232
3.3.4 AU ONA lAYEVBINIATIU RS - 232

M Driver output logic Levals with 3k to 7k load
-5V>Logic1>15V

B Driver output voltage when open circuit

B Driver output impedance with power off

| Output short circuit current

B Driver slew rate

B Receiver input impedance

M Receiver input voltage

M Receiver output with open circuit input

B Receiver output with +3 V input

M Receiver output with -3 V input

15V >Logic 0> 5V

Vo>25V

Ro > 300 ohms

JIo<05A

dv/dt<30V/s

7k > Rin >3k

15 V compatible with Driver
MARK

SPACE

MARK

W5V 0 +15V Logic 0 = SPACE = CONTROL ON
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BMa3vio+sVor-5Vi-3V Noise Mgrgin
BM-15vio-5v Logic 1 = MARK = CONTROL OFF

3.4 INTGIU RS - 485

1ATgIU RS - 485 munsedautlas msldmnautvam Riorfidseiniamms
Maugega luussanasgiu RS W1 5 wile Feez M mssudedyaaludnuus
differential Funilousy RS - 422 A {lodofid e RS - 485 Afe Wusvuumsdenrs
#eyauuy MULLTIDROP fiauyseiiuuiiqa $waudadegena 32 #2 uazdnoudaiugs
qa 32 %2 exgifeudediu Tﬁﬂ‘l‘x’f’mmﬁmﬁxﬁwﬁﬁu swazisaveadyanadildliunsiy
dansvinauluIngm High impedance ¥eed3aalu RS - 485 svadioiuduszuitidilu RS
-422A

717 3.9 umAsgiliuLves RS - 485 nuudlesduszdunsaduildazuandn RS ~422
A fvudndes Faygne +15 v ssunudas mvluud o uazszdudyane -1.5 v szuny
Fmvluud 1 dsuesrldedudyanafios +200 mv uay - 200 mv Merwnsand
Wuszdudyanuesls mslfmuduin suflunstisan Noise duiidygrussiiving
dn  uaddomefvsiierusduvesdygnudmiunsldnwill  S8anmsiuds

Yoyagaga 10 dinnzda de Jund

AS 4AS

[ deiver
RS-433 RS.283
driver driv
ver
RS-485 -
_Jeceiver -
W_J ,
User A }
: AS-4235 RS-235
teceivar fec~ver ‘l
. H

Usee 3 User C !
'

7171 3.9 gluvmnATEIU RS - 485
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nasgU RS uAnzuuveztih Whlsegnde Idimunzauduem a1msi 3.1 duns
nFoufiousende RS - 232, RS - 423, RS - 422 1Az RS - 485 Wilinangiudalafiamise
Sudsdggnuldluszeznngegqa  wavdaniagegaldlunaudoadu  snnsllunmi

a o o o ' 4 a J -3 a
HUAD AT 7U'CTQﬁﬂJﬂlu']ﬂlf‘T'QqﬂﬂUizﬂzﬂ'N%:l"u‘lﬂy?'] lﬁﬂ?:ﬂ:“ﬁl‘ﬂﬂ‘“ﬂﬂﬂﬁﬂﬂﬂ'ﬁ

o o M A' J
DROP ¥848AT 1T UAINNVUATUITSIEN

FEATURE RS -232 RS -423 RS - 422 RS - 485
-Mode Single - ended Single - ended Differential Differential
-No. of drivers 1 Drivers 1 Drivers 1 Drivers 32 Drivers
and receivers 1 Receiver 10 Receivers 10 Receivers 32 Receivers
-Max. distance 50 4000 4000 4000

) ,

-Max. datarate 20K 100K 10M 10M
(bits/s)

-Signal .lavels 3t025 3.6t0 6 2t06 15t 6
) +3 0.2 0.2 0.2
-Receiver -3 -0.2 0.2 -0.2

-decision point

™)

o W e g e, it o Wi itmpme | e wemry # anifn o

a151991 3.1 e 1Tl suMeusENI1e RS - 232, RS-423 A, RS- 422 A, uay
RS - 485

2it rate

Maximum
bit rate

2

@ ____________

!

Oittance

t
{
t
i
i
i
!
} )
] o :
Sivance tor Yixmum

vigrate (A distance {

319 3.10 asuaasdasinsdeeyaduszszniiifouly
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INTERFACING UNIT

COMPUTER

Srmail Scade DCS

232 to 485 Converter

Micro contreiler V-31

Port 1

Digitad to Anaiog
converter

(DAT 6803)

1-5 Vde

UABA INBLUATH AITMININVBIGIY Interface
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Nuazdenmag uuuedA

Tulnsneulnsames
vuveiav-319z1¥luTnsneuInsamesiues s0c31 Wundn udedlsinwdldaunseld
'l Tasiwedanen Tunsyga MCs-51 fithuuuy 40-PIN DIP IéWenun (u 8032 8751 8752
Frozil i idquatdth il lassatweuesifuq nsiden JUMPER /EA 9 19ide
nnidenliauein RoM nfe EPROM mieludalulas (INT) wieidensin EPROM mo
uen (EXT) fafimsiden EA Tudwmis INT 11z‘la’:’ﬁn‘luTﬂsﬁﬁwsunsuaénw‘luiﬁufu
FulnAvziiiu 8751 uie 8752 (nadi 8051 ufe 8052 { ROM n1vluegiede uAlumelfia
msTlsunsy ROM mwluves 8051 nie 8052 0:ﬁ11ﬁ'mﬂTﬂﬂtlﬁﬂﬁﬁﬁhtfﬂt;ﬁ:%"ﬂﬁ
$1UUNINY mswnz1fu°1umall§ﬁ§"lﬁmm:ﬁmﬂ§ 8051 138 8052 v1waglunesaatamay
padmsuinusesastiy 114 v'lgafremﬂzrﬂummnzm%1nnﬂ{ﬁ3uq) L

MsenwHIEn NN REMTIden JUMPER i
wirnuswnwedanunse 141y ROM (EPROM) taz RAM FaludmlnTnsie:
uo41&iflu PROGRAM uaz DATA FaflududweuTnsiidenld unsimmnsaifened
#1e7 1dnudeens Taemsifien JUMPER W 2 yafidauvarileves SOCKET miasaawsn
Frazaql Ak ammade il

wesnld ANHUTNITUDIHUIBAINET  JTUMPER ¥aLSA ANBY

27C64 PROGRAM ROM 8,16K
27C128 PROGRAM ROM 8,16K
27C256 PROGRAM ROM 32K
6264 DATA RAM 8,16K
62256 DATA RAM 32K

1 4 ] v
A1siden JUMPER flvznszei1 i@ TaedSuda JUMPER Iassfudesfiszinsfiviafiuaseay
COLUMN #ideams 15u $1desmisifion JUMPER yausnldegfidumis RoM n1dlddn

JUMPER uuuaaiuaaTassa lnedwuuiiues

SERIAL PORT
wesnnsAeaseynsuvesuesa v-31 amnsaidenlflA 2 uuude RS232 uaz Rs48s Taadh
v ¥
doanms1diilu rs232 Aldeudwues MAX232 uazl¥nuiivadeuuy 3 PIN uaddeents

[ 4 y
1415 rRs485 AlAFsuFwues 75176 uazldrundagenuy 2 PIN Taglunsdives RS485 i
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w19 T veeda luTnsdludaniuguitenesmssunazasds Taodh 10 = 0 sziflunisiy
doyauns T0 = 1 awflunisdedoyn Rs4ds exfiuuamemsidamluineudsafy rs232
urszuanaaiuliudnvesseiuuse M Aevxldd 5 v Tasssduwanuazauadusuawe i
n 0 uay 1 Seerdmaldimaingedues hlfaadyarusunau iRidueduiuay Rs48s
Fefimsdersluuyy HALF DUPLEX Tasezdesiuuazdenunsdanaz launsaaaums
fuuuy Rs232 14 SehldResdifindemsmunumsiuuazmdaiueuazdioquautia
fioaiivinld Rs4gs aunsedeluszuy NETWORK é#sscaesuan NODE 1434 32 qa
uazilszorna1die 1.2 Km Sndas gaddiguesszuy NETWORK Adenisthldsunsunay
A3 (PROTOCAL) 1iuies Tnovzdesnsuguiimmaunzmsdemsdoyavesusiazgaluszuy

v Ideddlusufivunazlivsz@ninminndiqa

SYSTEMBUS uaz PORT 1 BUS
I'd 9/ o s 4 o
SYSTEMBUS vssueiave Idvidaenuninda luTasumna 40 PIN dlfdmivasvee
sruuawdsanmsniese ldfuuefavmovemudan1d dau PORTI BUS Aannsoth s
2 . y ¥ ]
ensilszgndlaq 14 isil PORT1 BUS Affeunsdausin SYSTEM BUS Tamii 13iite 1414
A4 o < A ro < °
au'l¥azantety aunsovimimidu vp vie oe 18 anmadagiszassiiisiezii

1%91u
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A it W TRIOGET. W wore e

CPU
CLOCK
MEMORY
PORT

LED
SWITCH
CONNECTOR

JUMPER

POWER SUPPLY
PCB SIZE

AuesniRvdLesA V=31

80C31 (40 PIN-DIP OF MCS-51)
11.0592 MHz

0/32K SOCKET (PROGRAM OR DATA SELECTABLE)
8 BIT (PORT1 OF MCS-51)

4 BIT (/INT0/INT1,/T0,/T1 OF MCS-51)

1 SERIAL PORT (RS232 OR RS485 SELECABLE)
1 POWER LED

1 RESET SWITCH

16 PIN PORT1 BUS (WITH /INT0/INT1,/T0,/T1)
40 PIN MCS-51 SYSTEM-BUS

3 PIN RS232

2 PIN RS485

2PIN5VDC
2 WAY JUMPER FOR /EA SELECT (EXT,INT)

2 WAY JUMPER FOR DS5000 (RUN,PROG)

2'WAY X 4 JUMPER FOR MEMORY SOCKET (ROM,RAM)
2 WAY X 2 JUMPER FOR MEMORY SOCKET (8-16K,32K)
5V DC CURRENT 32 mA (WITH 27C256 EPROM)

88X 7.1cm

35
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BUS [10K lv[ E ] mv’——] d.ED
U ROM RA
PORTI __|ﬁ -
! N 27(Co64 +
80¢C31 5 27¢C128
80¢(C)32 ¢ 27¢Cy2ss )
87¢(C)S1 @ 28(CY64 Y
87¢(C>52 6264
DSS5000 ; 62256
3 U
4148 R 32K
EXT INT =
S L eresen B S
T RUN_PROG- 10uF 4u? -
i 1 O O Oty R
DSS000 O
© 30P Q+ MAX232 % .
11,0392 | _ 75176 i #
] MHz * O D]
4001 3pp SVDC 10uF
i

A ° [ o
U 3111 uaasduntIng Yuueia
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A

Al i ]

vic
~0sV vee vee vee v
r? ¢l . 2
JIIAN 0.1/35 N 0.1/35
220 R2 uL w2
oot 10K = =" PORTL B8US
LY 40 N
Aosoor” R VPO PLO IR PL.L i
Tho e T B [
| ocHD  EXT[gw i jNT ?0.3 (33 b3 PLIE 7| il P17 i
- PO.4 33 D4 Linro 9| 22 fto INTL ,
= CYSTAL 1 PO.5 34N { DS ~ 10 14 12 71 :
11,0592 F 0.6 33 < 56 o vee 13) 18 14 vee ;
P07 [ 307 no 150 "% Jis aNo .
vee ﬂ: 19 K1 N 7 6 }
! MCS 6e |
3 Lca :
c30P 2 a8
: T |
RESETIO 1 L2 o /4 i
~C N 1 !
o = = 1/ |
10715 ;
2 pST 25
02 a3 82 ]
N ALEl 30 G
.J:N4001 Hoe / 2 :
1 {rxo 540 25
:?:: vGe 10 Rxp D = < ba 56
LOUF /168 p2.1 a9
ST e P23 A il :
¢ X ;
1y : ca' 2.4 Thi2 GND 20 |
}""L. 3 yol2 ] 14_Jro 2.5 (3% we Zﬁx |
S | = ; ST |
4 sl VTR iR 6] ¥, ot
4.70F 10uF /161 a0 P s <40 . '
RS232 14 % Ry . :Eo r"‘ = 1,
1 af 12 = e '
D‘ R 1 EZEED——] proceres '
= 4 RUN (7T HEM. TYPTSEL.
A 1li0 . Y
a) I A = 64/128 256
L2 0 ]
l 1
FAXZYZ I A ‘1,
R T nEN. STIE szL.
3loe psess o
2 V=31 v2.0
Lze Document Number Y
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Wesgluduniianisiamyes Communication modefuf1doyneIN RS-485 Fad
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Joyadtana 8 in Mt portl vealulasneuTnsaneiveda v-31 vimiuezyims

wlassdeya s Inuuitudgyanueiasn (1-5 Vde) Taal¥ledues DAC 0808

IC DAC0808
o as éa Y & <& t 9 @ -
DAC0808 Wluginsaidaulas D/A Alismgndanits deliundsduianszuadnds

mulusiiues DAC0808 Hinumesdalugld 3.11 Taovaly a3 Hewmdy -15v w14
Wunssuandamed uazawndzdetusetueudyr s S 12 Wuduwnwssdeyani
Avasa vu1a 8 Ua ¥1 13 My +5V 11 14 nzgndaﬁummﬁmﬂmxﬁaﬁﬁ'ﬂnizuﬁm
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menagsurmnsdanunuasuiomed  Tasdefeyariuma Rs-232 Tl Rs-
b 4
485 uasluns¥UTAY Small scale DCS {1 1811 General Instrument Protocol

GITP) aseneulumsdaildsunsudae

General Instrument Protocal (GITP)
mssmualdsTanea lunisAededensssninaeufianeindn ( Host Computer)

as v 3 ° *
1 Controller Module @14 9 151 1deenuuulusTansaduaes Tasflidodmua fis desdiy
hidudeu vuAveq Packet doyamnzan hisrufiuly vaslisvwdangugs aunse

Uszgnalfldecanirevae Taoldde91 General Instrument Protocol (GITP)

A1T19T8 I HAY GITP

Packet byte Number Packet type Character available
0 Start !
1 ST.No i 0-9
2 ST.No ’ 0-9
3 General Command & Status A-Z
4 DATA 0-F
5 DATA 0-F
6 General purpose All
7 General purpose All
8 Check Sum All
9 End #

GITP 59uA¥8Y Data Packet (W11 10 Byte uieandlu 7du  udaz Byte
udeyadausz Ascil da Tdedmuadng AW nwneFune 18dail

dauit 1 “START" vszneudaudeya 1 Byte Ao Byte 0 udaufiimiriven
anuBuduYes Packet Snuseii 1Y IaTifivaduAey fis <1«

daufl 2 “STNO» Uszneudau ¥eyn2Byte B Byte 1,2 Sludaudisimhi
yenmsiavvesgUnsaifiaade SnusznledAe #uav <09«

d9uft 3 “General Command & Status*  1/5znoudas deyn 1 Byte Ao Byte iilu
daudimmuaiids uazuie uenaeuzvesgunsal SnuszfilfdRe « Az

daufi 4« Daw”  Uszneudiodeyn 2 Byte 8 Byte 4,5 Shudaudimihiidaniu

1 Buna ey veeunsal  Snvizdlfldfe « oF «
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d3f 5 “General Propose” Usenoudlodoyn 2 Byte fis  Byte 6,7 Hudaud
mnsaouTdsunsu 1191015718 annseldsnuszldnnd

A6 “Check Sum”  Uszneudasdoya 1 Byte fe Bye 8 fudauiildasan
ABUAIWGARBIYDY Data Packet 51910M511oYA Byte 1-7 11 Packet U 9 31190

fuTag liAadama  mwisaldsnuseidynd,
U o b4 - ! o o o
AwN7 “END”  Uszneudiedeya 1 Byte o Byte 9 iudrufiviiiivennis

[ d

AUAYDY Packet  OnuseIF IdlifoaduRoIfe “#«

. ¥ - < o o ¥ o 7
Command & Status Ylﬂ114u¢l1‘lfllg'3ﬂﬂ “W?” Hulgoe ﬂ’lﬁ"’t’l\sﬂﬂl‘llﬂu‘llﬂlumvlﬂﬂi!ﬂﬂsm

ity @290719 Packet Y84 GITP

Byte 0 1 2 3 4 5 6 7 g 9
! 0 6 w 0 0 + + $ #
START ST. No. Cmd,Status DATA General purpose  {ChkSum END

L 4
INF081 el Packet i uvesgilnsaluioiny 06 (ST. No. 06) Cmd,Status =
“Wyetie mahauidoudeyalufigyasaiifhvuune DATA fidesnisdedie oor Td

N5 19U Byte 6,7 (General purpose) 11 ChkSum udaailu ascr 1@snusy <

1571197414 Mode C (Communication) 484 BACKUP STATION ﬁun:"lﬁ'%”u%y‘a

vinmedyananiunsdelussdy RS-485 AiRe3I0RY 232 0 485 Converter U84 Small Scale
DCS Fednyuzvesdoyniidananmedygmezniiudoynuuueunsy (Serie Data) iiiedi
dyanadeyadun seaudyyiu RS-485 sxgnuifasszdudyguaddieglussdudygn
nuuAiaealaeld 1c# 75176 Wuduasszdudygmann  nmfudeyafszgniud
i1 Serie Buffer Y84 Microcontroller 18 Microcontroller vx¥hmsasIsdeyayaiduly
shudildumis (ADDRESS) asafy winoinvvesgdnsalidmang (ST. No) niell &
ST.No. %84 BACKUP STATION 1ufifie STNo.06 iiieasasudanyd ildumia
(ADDRESS) #33ffll BACKUP STATION flezviinis fudeyaiiudun udaihnisutasdeya
MWilludeyauuuvunvung 8 i deesning Pore 190l uathdoyagafidemmivg
aumishinsafiy BACKUP STATION 2 Microcontroller 92 lsivin1slan fudeyayarin
Snuasi Port 1 ﬁﬁ’fﬂga'ﬁiﬂﬂﬂga;jﬁ%:t']’quﬂufhi’faymﬁnfieunﬁ'ﬁm:ﬁﬂayaﬁamﬁq

¥
BACKUP STATION 18290 Microcontroller 1iansdioyagatiu
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'1]71‘7; B
Wan1Inaang
BACKUP STATION éuﬂsznau"lﬂﬁamwiduq i Ao
1. VoI Converter
2. Pre-Scaling
3. PV-Display, MV- Display
4. Interfacing Unit

' d' 9 J dyd [ 9 ar 1 dy
2195819 Naduvuniiinanisnaassauaad ladeae 1

HANIINADBIN93 V to I converter

Vin (V) Iout (mA)
1 4.00
% 8.07
3 11.98
4 15.94
5 20.02

HANIINAABY 993 Pre-Scaling

[in (mA) Vout (V)
4 0.001
8 0.252
12 0.504
16 0.751
20 1.002
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HAMINAONDY PV-Display 11ag MV-Display

Vin (V) Display (%)
0.00 00.1
0.25 24.9
0.50 ‘ 50.1
0.75 : 74.8
1.00 100.1

HAN1INANBIAIY Interfacing Unit
[ d’ o 9 £ ' v s
1um‘uun:imayauuumnﬂumugm 16 91N computer WU 232 to 485 Converter w1l g

Microcontroller V-31 1d¥hnisdszusana  niniufdesideyasanuimia Port 1 1udeya
v
yuia 8 in udaimsulasdeyaiumidudyanueuinen (-5 vde) Tasld 1c# DAC 0808
¥ "
udraedygmeuinenmiuldiudiu  Display 1aZ2995 V to I Converter iivaiiaranaiiy

0-100% 112 4-20 mA ANAIAY

DATAIn (HEX) Display (0-100%)
00 00.0
3F 254
T 49.8
BD 75.2
EE 100.1

DATAIn (HEX) Iout (mA)
00 4.00
3F 8.01
7F 11.98
BD 16.03
FF 20.02
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; HARDWARE  Microcontroller

VO EQU
V1 EQU
V2 EQU
V3 EQU
V4 EQU
V5 EQU
V6 EQU
V7 EQU

V_BlockST
V_Block00
V_Block01
V_Block02
V_Block03
V_Block04

V_Block05 -

V_Block06
V_Block07

V_BlockEND EQU 49H

30H
31H
32H
33H
34H
35H
36H
37H

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

40H
41H
42H
43H
44H
45H
46H
47H
48H

ORG 0000H
CLR EA ;AllInterrupt Disable

AJMP ST

ORG 0023H
JBC RILRECV

LIMP OUT

RECV:

PUSH O0OCH

V-31
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PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

LCALL RxBlock ;Save MV to V_Block

02H
03H
04H
05H
06H
07H
ACC
20H

mov  a,V_BlockST

cjne

a#21H,0UT ;!

mov  a,V_Block00
cjne a#30H,0UT ;0

mov  a,V_Block01
cjne a#36H,0UT ;6

MOV
CINE

AV _Block02 ;GSC
A#STHNOMVO W

LCALL MVO ;Get MV from Block,Convert to HEX,0UT PORT1

NoMVO:

Icall send

JNB TL$
CLR TI
SETB ES

OUT:
POP
POP
POP
POP
POP

20H
ACC
07H
06H
05H
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POP

POP
POP
POP

04H

03H
02H
00H

RETI

SEND:

ST:

SETB p3.4
LCALL CHKSUM

MOV V_Block07,A

LCALL TxBlock ;Tx V_Block,
CLR p34

RET

ORG 0100H
LCALL INIv
MOV  SP#50H
CLR p3.4

OVER:

MOV  SCON#50H ;Serial Mode 1 9600

MOV TMOD,#20H
MOV THI1#0FDH
SETB TRI1

SETB EA

SETB ES
MOV  20H,#10001000B

ROT:

MOV  A,V_Block02
CINE A#57TH,ROTR

LIMP STOP

ROTR:

CINE A#52H,ROTL
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MOV  A20H
MOV PLA
RR A
MOV  20HA
_LCALL DYs
LIMP ROT
ROTL:
CINE A#4CH,STOP
MOV A20H
MOV PLA
RL A
MOV 20HA
LCALL DYs
LIMP ROT
STOP:
LIMP ROT

DYs:
MOV R2,V_Block03

MOV  R3,V_Block04
LCALL ATOH
MOV R5A
DY9: MOV R7,A
DYS: MOV R6,A
DINZ R6,$
DINZ R7,DYS
DINZ R5,DY9
RET

INIv:
MOV V_BlockST,#00100001B ;!
MOV V_BlockEND,#00100011B #
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MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
RET

TxBlock:

TxBLoop:

Tx1Byte:

RxBlock:

V_Block00,#30H
V_Block01,#36H
V_Block02,#57H
V_Block03 #2BH
V_Block04,#2BH
V_Block05,#2BH
V_Block06,#2BH
V_Block07,#24H

MOV  RO,#40H

Lcall mDELAY ; RS-485

MOV  A,@RO

LCALL TxIByte

INC RO

General Command & Status
DATAH

DATAL

MultiPurpose

MultiPurpose
ChkSUM

CINE RO,#4AH,TxBLoop

RET

CLR TI
CLR ES

MOV SBUF,A

INB TIL$
RET

LCALL RxIByte

mov V_BlockST,A
cjne a,#21H,RxOUT

LCALL RxI1Byte
mov V_Block00,A ;SAVE from PC TO BLOCK

cjne a#30H,RxOUT

;SAVE 18T from PC TO BLOCK

.l

'Yy

;ST.No. Byte 1
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LCALL RxlByte

mov V_BlockOL,A

cjue a#36H,RxOUT
LCALL RxI1Byte
mov V_Block02,A
LCALL RxI1Byte
mov V_Block03.A
LCALL RxIByte
mov V_Block04,A
LCALL RxIByte
LCALL RxI1Byte
LCALL Rx1Byte

RxOUT: RET

Rx1Byte:
MOV ASSBUF
JNB RIS
CLR RI
RET

MVO:

MOV r2,v_block03
MOV 13,v_block04
LCALL ATOH
MOV v2,a

MOV A)V2
MOV pLA

RET

HTOA:
PUSH ACC
SWAP A

;ST.No. Byte 2
SAVE from PC TO BLOCK
5
;GSC Byte
:SAVE MV from PC TO BLOCK

;SSAVE MV from PC TO BLOCK

;SAVE MV from PC TO BLOCK

;MV from V_Block

;Convert to HEX
;Save to V2
;OUT MV to Portl
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HTOAS:

LCALL HTOAS
MOV R2A

POP ACC
LCALL HTOAS
MOV R3,A
RET

ANL A#0FH
CINE A#0AH,$+3
JNC HTOASI
ORL A#30H
RET

HTOASI:

ATOH:

SUBB A#9
ORL A#40H
RET

MOV AR2
LCALL ATOHS
SWAP A
MOV R2A
MOV AR3
LCALL ATOHS
ORL AR2
RET

ATOHS:

CINE A#A'$H3
JC ATOHS1
ADD A#9

ATOHSI1:

ANL A#0FH
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RET

CHKSUM:

mDELAY:
mDELAY1:

MOV
MOV
DJNZ
DINZ
RET

A#00H

A,V_Block00
A,V_Block01
A,V_Block02
A,V_Block03
A,V_Block(4
A,V_Block05
A,V_Block06

R3#3FH
R4,#0

R4,$
R3,mDELAY1
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General Description

The DACQ808 series is an 8-bit mondalithic digital-to-analog
converter {DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with =5V sup-
plies. No reference current (Irgr) trimming is required for
most applications since the full scale output current is typi-
cally =1 LS8 of 255 Iggz/ 256. Relative accuracies of bet-
ter than =0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 uA provides
8-bit zero accuracy for [pgz22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentiaily constant device characteristics over
the entire supply voltage range.

The DAC0808 will interface directly with popular TTL, DTL
or CMCS logic levels, and is a direct replacement for the

ctor

e

'DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

MC1508/MC1408. For higher speed applications, see
DACO800 data sheet.

Features

» - Relative accuracy: 20.19% error maximum (DAC0808)"
Full scale current match: =1 LSB typ

7 and 6-bit accuracy available (DAC0807, DACO0806)
Fast settling time: 150 ns typ

Noninverting cigital inputs are TTL and CMOS compati-
ble

High speed muitiolying input slew rate: 8 mA/us

u Power suoply voltage range: =4.5V to =18V

8 Low power consumption: 33 mwW @ =5V

Block and Connection Diagrams

vsg (M ]

Dual-In-Line Package

A1 a2 43 e A A ar A
? ? ? ? ? ? ? ?‘ NG INOTE 29 ~ U DY cousensanion
conthot CURNINT SWiTEnEs s Order Number N_i f"'"“‘
TTITTITTI] T DAC0808, DAC0807, s —vaesis
. i}
AR LAQDER ( sas cmcuﬂ-}—o one or DAC0806 Yo —1 Jacase vz
See NS Package e a1 b Blas s
o ,I L Number J16A, = A
PN CURRENT O vec M16A or N16A 5 .
SOURCE PAIR 43 —d LAY
Yagpr-) O—
REFERENCE O comeen frpei s
CURRENT 22
TL/H/5687-2
vee TL/H/5687-1
Small-Outline Package
Yoot 164—a8 LSB
Yorr ()42 1¢f=a7
Vagr (=) ~43 taf—ab
COMPEMSATION =44 13}—=as
uC (NOTE 2)—15 1214
GND—{6 Tif=a3
Yo7 tof=42
Q—d8 =4l uSH
TL/H/5887-1
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)" N PACKAGE {N16A)" |SO PACKAGE (M16A)
DACO808L.CN|MC1408P8 DACO808LCM
7-bit 0°C<TaAS +75°C DACO807LCJ| MC1408L7 | DACO807L.CN| MC1408P7 DAC0807LCM
§-bit 0"CETA< +75°C DAC0B06LCJ| MC1408L6| DACOBOBLCN | MC1408P61 OACOBO6LCM

“Note. Davices may be oruered by using ither order numoer.

90800v(Q/20800vA/80800VQ
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DAC0808/DAC0807/DAC0806

Absolute Maximum Ratings ote 1)

It Military/Aerospace specified devices are required,
please contact the National
Office/Distributors for availability and specifications.

Power Supply Voltage -

\/m
Vee

Cigital Input Voitage, V5-V12
Applied Qutput Voltage, Vo

Reference Current, |14

Reference Amplifier Inputs, V14, V15
Pewer Dissipation (Note 3)

ESD Susceptibility {Note 4)

Electrical Characteristics

(Veg = SV, Ves = ~15Vpg, Vres/R14 = 2 mA, DAC0808: T4 = —55°Cto + 125°
= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

Semiconductor Sales

=10Vpcto +18 Vpg
—11Vpgto +18 Vpe

‘e
+18 Vpe
~18Vpe

SmA
Ve Vez Temperature Range
CC: VER DAC0808LC Senes
1000 mwW
TBD

Storage Temperature Range
Lead Temo. (Soldering, 10 seconds)
Qual-In-Line Package (Plastic)
. Dual-In-Line Package (Ceramic}
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

~ Operating Ratings

—65°Cto +150°C

260°C
300*C

215°C
220°C

TmIN £ TA < Timax
0<Ta < +75°C

C. DAC808C, DAC0807C, DACO8O6C, T,

Symboi Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) %
to Full Scale I}
DACO0808LC (LM1408-8) =0.19 %
DACO0807LC (LM1408-7), (Note 5) =0.39 %
DACO806LC (LM1408-6), (Nota 5) =0.78 %
Settling Time to Within 4 L38 Ta=25C (Note 6), ! 150 ns
{Includes tp ) (Figure 5)
oM, It | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Qutput Full Scale Current Drift =20 ppm/°C
MS3 Digital Input Logic Levels (Figure 3)
Vi High Level, Logic “1" 2 Vo
Vi Low Level, Logic 0" 0.8 Voc
Ms8 Digital Input Current (Figure 3)
High Level ViH = 5V 0 0.040 mA
Low Level Vi = 0.8V ~0.003 -0.8 mA
lig Reference Input Bias Current (Figure 3) -1 -3 uA
Qutput Current Range (Figure 3) )
Veg = —-8V 0 2.0 2.1 mA
Vege = =15V, Ta = 25°C 0 2.0 4.2 mA
lo Qutput Current VRer = 2.000V,
R14 = 10009,
(Figure 3) -l 18 1.99 2.1 mA
Output Current, All Bits Low "(Figure 3) 0 4 vA
Output Voltage Comptiance (Note 2) Er £0.19%, Ty = 25°C . .
Veg=—5V,IRgr=1mA . N —0.855, +0.4 Voc
Veg Below — 10V -5.0, +0.4 Voo !
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Electrical Characteristics (continued) T :

(Mcc = 5V, Veg = —15 Ve, VRer/R14 = 2 mA, DACOB08: T4 = —55°Cto + 125°C, DACO808C, DAC0807C, DACO80SC, T
= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted}

Symbol Parameter Conditions .. Min Typ Max Units
SRIggr Reference Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply =5V < Vgg € —-16.5V ) 0.05 27 HA/NV
Sensitivity "
Power Supply Current (All Bits (Figure 3)
Low)
ice 2.3 . 22 mA
leg —4.3 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3}
Vee 45 5.0 5.5 Vo
Vee -4.5 —-15 —16.5 Voc
Power Dissipation
All 8its Low Voo = 5V, Veg = ~5V 4 33 170 mw
Voo = 5V, Vee = —15V 106 305 mw
All Bits High Voo = 15V, Vgg = —5V 90 mw
- § Vee = 15V, Vgg = - 15V 160 mw

Note 1: Absolute Maximum Ratings indicate limits beyond whicn dama
the cevice beyond its scecified operating conditions.

Note 2: Range control 1 not required.

ge to the devide may occur. OC and AC atectncat speciiicatons do not apoly when operanng

Note 3: The maximum oower cissication must be derated at elevated temperaruras and is dictated by Timax.
llowaole power dissioation at any temoerature Is Po = (TiMax ~ Ta)/834 or the numper given in the Absolute Macxmum Raungs, whichever 18 lower. For this
devica. T uax = 125°C. and the typical junction-to-ambient thermat resistancs of the dual-in-line J package when the bcard mountea 1s 15 C/N. For the cuaiun-
line N nackage. this number increases (o 175°C/'W and for the small cutline M package this numoer i1s 100°C/W.

Note 4: Human boay model, 100 gF discharged througn a 1.5 k! resistor.

Note 5: All curent switcnes are tested 10 guarantee at least 0% of rated currant,

Note B: All bits switched,

834, and the amoient temgoeratura. T4, The maximum

Note 7: Pin-out numbars for the DALOGOg{ represent the duak-in-line package. The smalt outline packaga pinout differs from the dual-n-tine Ddacxage.

Typical Application

Veg e

s I 5.000%
MSE AT Qmedf F=O———AAAr—— 10000V = Vg

0IGITAL
TS

Al_A2  As)
Vomiov | —-22a =
© w(z 4 256/

Vg e -18¥

TUH/5687-3
FIGURE 1. + 10V Qutput Digital to Anaiog Converter (Note 7)
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Typical Performance Characteristics
Vee = SV, Vgg = —15V, T4 = 25°C, unless otherwise noted
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offset 1 V above ground.

Curve B: Small Signal Bandwidth
Methed of Figure 7, Ry = 2500, Vrer
= 50 mVp-0o offset 200 mV above
ground.

Curve C: Large and Smali Signat
Sancwiath Method oi Figure 9 (no oo
amp. Ay = 200), Rg = 500, Vges =
2V, Vg = 1CO mVp-p centered at OV.
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Test Circuits

Voo
1, V) and 11 apply to inputs A1-A8.
{ < . e The resistor'fied to pin 15 is to temperature compensate the
. = — bias current and may not be necessary for all applications.
ot TR A , =K(£+A_%Ja¢ﬁ;f~_5-é§?ﬂ+ﬁ)‘
230 z—gﬁ’q- ° 2 4 8 16 32 84 128 256
2t O
] hey e 1 where K = VREE
. =
::017 - R14
wol % " Sa and Ay = "1"if Ay is at high level
] 7 l AN = “0" if Ay is at low level
o T
' el
L !
- it TUHISE8T-6
FIGURE 3. Notation Definitions Test Circuit (Note N
wse .
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FIGURE 4. Relative Accuracy Test Clrcuit (Note 7) :
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Test Circuits (Continued)

Vee

) DACDa0R
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50 score zm:-l‘\'r—/_
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TIME

. ] 1 dv

&t Ry 4t
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- - R1e 2 A1S
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Mot 18
&l A “Vagr I L
320
7| 15 RS

A O
ot Zﬁq ,

9 0Ac0s03
AS Q—ed

10 . o LI
A6 O—-“
A7 Ot

12 118 A
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SEE TEXT FOR VALUES OF C

Ves ~
ver TU/H/5687~10
FIGURE 7. Positive Vper (Note 7)
TL/H/5687-5
FIGURE 6. Reference Current Slew Rate Measurement (Note 7)
veo Vs
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At o—’- 14 Al
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40 15 1
15 0—9-4 QACCR08 2 n 0_5- 15 *
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o 7 ™ = [ © 7
4 12 15 Se
A Ot AL O~ pacosma |12 VREeF A

: | n sso—f semes [~OVe  Voe |l o 7| (#)Ro
< oY
SEE TEXT FORA VALUES OF C
VEE

TUH/5687- 11
FIGURE 8. Negative Vreg (Note 7)

Appiication Hints
REFERENCE AMPLIFIER DRIVE AND COMPENSATION
The reference amplifier provides a voltage at pin 14 for con-
verting the reference voitage to a cument, and a tum-around
circuit or current mirvor for feeding the ladder. The reference
ampfifier input cunrent, 144, must always flow into pin 14,
regardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source suppfies the full current 144.
For bipolar reference signals, as in the muitiplying mode,

o

TU/H/S687-12

FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 7

R1S can be tied to a negative voitage corresponding to the
minimum input level. It is possible to eliminate R15 with only
a small sacnfice in accuracy and temperature drift.

The compensation capacitor vaiue must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k), minimum capacrttor values are 15,
37 ana 75 pF. The capacitor may be tied to either Vez or
ground. but using Ves increases negative supply rejection.

90800vQA/20802vQ/80800V(Q
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Appilication Hints (contnued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Veg tn
pin 18, using the values of the previous paragraph. The neg-
ative reference voltage must be at least 4V above the Veg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input level at pin 15.

When a DC reterence voitage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. if a well requlated 5V sup-
ply which drives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation metheds
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE
The voltage on pin 4 is restricted to a range of ~0.55 to
0.4V when Vgg = —5V due to the current switching meth-

ods employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to — 5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kf} between pin 4 and ground will
yield a voitage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affedt the converter
sheed or power dissipation. However, the vajue of the load
resistor determines the switching time dus to increased volt-
age swing. Values of R up to 500Q do not significantty
affect performance, but a 2.5 k{1 load increases worst-case
settling time to 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE
The output cument maximum rating of 4.2 mA may be used
only for negative supply voitages more negative than -8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale cumrent. The relative accuracy of the
DAC0808 is essentiaily constant with temperature due to

o "
S

the excellent temperature tracking of the monolithic resistor
ladder. The reference cument may drift with temperature,
causing a‘ehange in the absolute accuracy of output .cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drift with temperature.

The DACO808 series is guaranteed accurate to within E37A
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier cutput current drive to the
ladder netwqrk of 2 mA, with the loss of 1 LSB (8 1rA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed vajue of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12.
bit converter is calibrated for a full-scale output current of
1.892 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO808 circuits' full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of =1 of one part in 65,536 or =0.00076%.
which is much more accurate than the =0.019% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DACC808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommerded range for operation with
a DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
% %2 LSB, for 8-bit accuracy, and 100 ns to V> LSB for 7 and
6-bit accuracy. The tumn OFF is typically under 100 ns.
These times apply when R < 500Q and Co € 25 pf.
Extra care must be taken in board layout since this is usually
the dominant factor in satistactory test resuits when mea-
suring settling time. Short leads, 100 rF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory. oo do.
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Low Power Quad Operational

General Description

The LM124 series consists of four independent, high gain,

internaily frequency compensated operational amplifisrs

which were designed soectfically to operate from a single

power supply over a wide range of voltages. Operation from

split power supplies is aiso possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer ampiifiers, DC gain
blocks and all the conventional cp 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 ard will easily provide the required
interface electronics without requiring the additional =15V

power supplies.

Unique Characteristics

B [n the linear mode the input common-mode voitage
range includes ground and the output voitage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

m The unity gain cross‘frequency is temperature
compensated

® The input bias current is also temperature
compensated

&National Semiconductor

LM124/LM224/LM324/LM2902 -

‘e

Amplifiers
Advantages

®r Eliminates need for dual supplies

® Four intemally compensated op amps in a single
package

| Aliows directly sensing near GND and Voyt also goes
to GND

m Compatible with all forms of logic

m Power drain suitable for battery operation

Features
R internaily frequency compensated for umty gain

ZO6ZINT/VZENT/V2ZNT/YZINT

® Large DC voltage gain 100 d8
B Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
8 Wide power supply range:
Single supply 3V to 32v
=1.5Vtio =16V

or dual supplies
B Very low supply current drain (700 pA)—assentially in-

dependent of supply voltage

W Low input biasing current 45 nA
(temperature compensated)

B Low input offset voltags 2mvV

5 nA

and offset current
W |Input common-mode voltage range includes ground
m Differential input voitage range equal to the power sup-
ply voitage

B Large output voitage swing OVto V™ - 1.5V

Connection Diagram

Dual-In-Line Package
QUTPUT & INPUT A" INPUT R® GNO IRPUT 3™ INPUT 3" QUTPUT]

14 12 12 " 10 9 ]

»

t 2 1 ¢ H s . H

QUTPUT S inPUT 1= sNpUTI® v INPUT 27 INPUT 2™ OUTPUT 2
TU/H/9299~1

Top View

Order Number LM124J, LM124AJ, LM124J/883°"",
LM124AJ/883", LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

“LM124A avasiable cer JM38510/11006
**LM124 avauadle oer JM38510/11005 -

ouT &
“a-

out 1
-

Nt

(-]

"3

cuT2
TUH/9299-32
Order Number LM124AE/883 or LM124£/883

See NS Package Number E20A

et :' . P curruta

T 1= i: E = ot a-

weuT 1 ! ——t T
o LMI2AW Py

weur2s 2 _:_—"'__. T 3o

ot 2- oy [ et 3~

outPyT 2 L ____."'—' TR 3

TUM/9299-33

Order Number L M124AW/883 or LM124W/883
See NS Package Number W148
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Typical Performance Characteristics iy .
. Input Voltage Range ” Input Current .. 3. . Supply Current
H T ve —~
~ I b L Vea=0Veg - !
2 . | Rl | g O T
= ECTTT v assve | g s i
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g | 3 wht b ivaensv ! | g 2r = '—[—
2 POSTVE 5 L 3 = ]
Z 5 ; 0 PR ST v m— _ - 7 7 T i i
a7/ ] A I e
- i Ly b p—
. i ) = T
[} s 10 15 55385 =15 5 25 45 65 85 105125 [ 10 2 »
¥* OR Y~ - POWER SUPPLY VOLTAGE (2Y¢e) T, = TEMPERATURE (°C) ¥* = SUPPLY YOLTAGE (¥pe)
Open Loop Frequency Common Mode Rejection
Yoltage Gain Response = Ratlo
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¥* = SUPPLY YOLTAGE (Yoc) 1 = FREQUENCY (Hz) 1 = FREQUENCY (Hz)
Voltage Follower Pulse Voltage Follower Puise Large Signal Frequenc:
g 34
Response Response (Smalil Signai) Response
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I
Typical Performance Characteristics m2s02 onty) -t
Input Current '™ +.Voltage Gain
100 160
P R
2 s (- g I L a.=20k0
£ N 3
= i | E 7z | LR =2.0%a
g z e i .
g o ‘ 3 a P
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z I/ = T !
2ol L ) S
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| Pl I
0 | | i ! i 0 !
9 10 20 30 s} i0 20 30
¥* = SUPPLY VOLTAGE (Ype) ¥~ SUPPLY YOLTAGE (Vpe)
TU/H/9299-4

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voitage of 0 Vpc. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance charactenstics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpc,

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs
for ali of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in potarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conddctors and resuit in a destroyed unit.

lLarge differential input voltages can be easily accommo-
“dated and, as input differential voitage protection diodes are
not needed, no large input currents result from large ditfer-
ential input voltages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpc (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.

To reduce the power supply drain, the ampilifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately'1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the ampiifier, a resistor should be used, from
the output of tha amplifier to ground to increase the class A .
bias current and prevent crossover distortion.

»

Where the load is directly coupled, as in dc applications,
there is no cressover cistortion.

Capacitive loads which are apolied directly to the output of
the amplifier reduce the loop stability margin. Values ot
50 pF can be accommodated using the worst-case non-in-
verting unity gain connection. Large closed lcop gains or
resistive isolation should te used if larger load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
wnich is indeoendent of the magnitude of the power supply
voltage over the range of from 3 Vpg to 30 Vpg.

Qutput short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than cne amplifier at a ime will increass the total IC
power dissipation to destructive levels, if not properly pro-
tected with extemnal dissipation iimiting resistors in series
with the output leads of the amplifiers. The larger value ot
output source cuirent which is available at 25°C provides a
larger output currént capability at elevated temperatures
(see typical performance characteristics) than a standard {C
op amp.

The circuits presented in the secton on typical applications
emphasize operation on onty a single power supply voitage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V¥ /2) will
allow operation above and below this value in single power
supply systems. Many appiicatioq circuits are shown which
‘take advantage of the wide input common-mode voltage
range which inciudes ground. in most cases, input biasing is
not required and input voftages which range to ground can
easily be accommodated.
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Typical Single-Supply Applications v+ = sovgg

Non-inverting DC Gain (0V Input = 0V Sutput)

Ve Y — ——
p—0 Vo
&
2
ot
<
2
53
GAIN= 1+ D2
Al
1:: = 101 (AS SHOWN)
“R not needed due o tamperature
— ndapendent liy [ Vi (mV)
TUH/9299-5
DC Summing Amplitier Power Amplifier
(Vin's 2 0 Vpc and Vg 2 Vo) A1
910K
A A
A2 .
100% v
3 & LM124A
RI g
9k Vo
Vin O—AAN~—r
RL
Vo = OVpctorViy = 0Voe
Ay = 10 =
TUH/9299-7
TUH/9299-6
Where: Vg = Vy ~ Vp = V3 — v,
(V|-V2)2(V3-V4)lokeeovo>ovoc -
LED Driver “BI-QUAD” RC Active Bandpass Filter
/1
O 100&
28 mA
T
/
2 7S o
Q? NSL102 3300F
O
L
= BRI RS
TUH/9299-8 < 70k
178 L1244
100% g 330eF +
| L
R A8
an -
/ W "
VALMIZ6A
a7
100k
+ 4 AA—O V"
]s ool
fo = V1 kHz 100K 10F
Q=30
Av = 100 (40 d8) = -
TUH/9299-5-

beeEW1/veZN1/YZILNT

¢06C2N1/
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T
Typical Single-Supply Applications v+ = 5.0 vpe) (Continued)
Fixed Current Sources .
TL/H/9289~11
- Iy = (.:—;) Iy TL/H/9299~-10
Oriving TTL
TL/H/9299-13
L
Vo
. - My
A3 1A
* VeSVT -2y
‘(increase R1 for Iy smail)
= TUH/9299-12 -
Yoltage Follower Puise Generator
R1
i INS14
O Vo 0.0014F
+*¥in O Vo = Vi .
TU/H/9299-14 p—0 Vo
d L_TL
v
= TL/H/9299-15
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Typical Single-Supply Applications v+ = 5.0 veg) (Continued) | 5 ,
Squarewave Oscillator Puise Generator
LN AR 321 INS14

[ AAA
0.001uF v

TUH/9299-16
TUH/9299~17
High Compliancé Current Sink Low Drift Peak Detector
|
|
Vo O i'c:
p—O Vo
e
Zour
-
e (POLYCARBONATE OR
1 POLYETHYLENE) — 2N929*
15 = 1 amp/volt Viy = *hiy AT 100 nA

{increase Re for 1, smatl) TL/H/9299-18

HIGH 2y T ‘
LOW Zout

AUX AMP

R is INPUT CURRENT
] COMPENSATION
TU/H/9299-19
Comparator with Hysteresis Ground Referencing a Differentlal input Signat

TL/H/9299-20

l TUWH/9299-21

CO6CNT/PCEWT/YZZNT/VEINT
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Typical Single- Supply Applications v+ = 5.0 vpc) (Comtinued)

Voltage Controlled Oscillator Clreuit

3

an I
100k

S

p—O CUTPUT

VVC‘

A2
50k /\/\/

L b

-Q OUTPUT 2
\1 10%
i A
TL/H/9299-22
“'Nide control voltage range: 0 Vog € Vg € 2(V™ ~1.5Vnc)
Photo Voltaic-Cell Ampilifier
R
AN\
legee l
Q Vo
{CELL HAS OV
ACROSS 1)
- 2 TL/H/9299-23

AC Coupled Inverting Amplitier

Ry
100k

10uF l Av--:—;(Assnoun.Av-W) -
= - TUH/9299-24
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Typical Single-Supply Applications v* = 5.0 vpe) (Continved)

[N A

AC Coupled Non-inverting Amplitier

Rl R2
100% ™

fo = 1kHz R4
Q=i 100k
Ay = 2

High Input Z, DC Ditferential Amplifier

A2
100k

R4

1 4
ForB—- - :—S(CMRR dapends on this resistor ratio match)

v, |+R‘(v v
] FrR 1)

As showrt Vg = 2(Vy = V)

TL/H/9299-25

TW/H/9299~28

TWH/9299-27

C06CW/YZEWNT/YZZNT/VCINT
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Typical Single-Supply Applications v+ = 5.0 vpe) (Continued)

High Input Z Adiustable—ﬁain
DC Instrumentation Amplifier

A .
100%

WA

GAIN ADJUST

TL/H/9299-28

IR = A5 & R3 = A4 = R6 = AT (CMRR cecenas on matchl

2R1
Vo=1=~=—(V3 -V
(o] az"" 1}

As snown Ve = 101 (V5 ~ V.)

Using Symmetricai Amplifiers to
Reduce input Current (Generai Concept)

I Iy 1/8 LM124A p—O *Vo
——— e
“Vin +
|
1
N929°
N B AT 5D ah 0.001uF
is
-
! | R
la ' - M
1 1/8 LM12¢A
-— AUX AMP
A 1
1.5M * INPUT CURRENT
COMPENSATION
TW/H/9299-29

“Vagr

Bridge Current Amplitier

Fer§<<tandRy>>F
Vo“ha:@)i
2/ F

TW/H/9299~
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Typical Single-Supply Applications v+ = 5.0vpg (Continued)

e

Bandpass Active Filter

RY 0.01uF
Vine

18 LM124A Vo

A3 2
£20k
P-

fo = 1 kHz

— = Q=25

TLH/9299-51

C06CINT/PCEWNT/PZZNT/VZINT
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LM78XX

National Semiconductor.

AR

e

LM78XX Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
reguiation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain
adjustable voltages ang currents. )

The LM78XX series is available in an aluminum TO-3 paék-
age which will allow over 1.0A load current if adequate heat
sirking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too righ for
the heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating.

of external components. it is not necessary to bypass the
output, aithough this does improve transient response. Input
bypassing is needed only if the regulator is located far from
the filter capacitor of the power supply.

" For output voltage other than 5V, 12V and 15V the LM117

series provides an output voitage range from 1.2V to 57V.

Features

u Output current in excess of 1A

B Intemal thermal overicad protection

®m No external components required

® Output transistor safe area protection

® Intsmal short circuit current limit

% Available in the aluminum TO-3 gackage

Voitage Range

LM7805C 5\
Considerable effort was expanded to make the LM78XX se- LM7812C 12V
res of regulators easy to use and mininize the number LM7815C 15V

Schematic and Connection Diagrams

Metal Can Package
TO-3(K)
Aluminum

OUTPUT— )

pyT—

S TUH/TT4E~2

Bottom View

% Order Number LM7805CK,
M LM7812CK or LM7815CK
Lo See NS Package Number KC02A

QYFPY™.

Plastic Package
TO-220 (1)

o v === ourrur

———
—— weur

TU/HIT748-3

Top View

Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number TO38

(1)
P

TUH/TT48-1
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Absolute Maximum Ratings
if Milltary/Aerospace specified devices are required,

Maximum Jungtion Temperature

please contact the Natlonal Semiconductor Sales (K Packags) 150°C
Otfice/Distributors for availability and specifications. (T Package) . 150°C
input Voltage (Vg = 5V, 12V and 15V) 35v Storage Temperature Range —65°Cto +150°C
Internal Power Dissipation (Note 1} Intemnally Limited Lead Temperature (Soldering, 10 sec.)
Operating Temperature Ranga (T ) 0"Cto +70°C TO-3 Package K 300°C
TO-220 Package T 230°C
Electrical Characteristics LM78XXC (Note 2) 0°C < Tj s 125°C unless otherwise noted.
Output Voitage sV 2v 15V
Inpui VYoltage (uniess otherwise noted) 1ov 19v 23V Units
Symbol Parameter Conditions Min [Typ] Max | Min I Typ I Max | Min I Typ ‘ Max
Yo Output Véltage Tj=25'C,5mA < Ig < 1A 48 5 52|15 12 125|144 15 158
Pp < 15W,5mA < lg € 1A 4.75 5.25| 11.4 12.6 | 14.25 18.75 v
VMIN € Vin € VMax (7.5sViNS20) [ (145 s ViN<S27)| (175 S VN £ 30) Vi
Vo Line Regulation lo = 500 mA{T] = 25°C 3 50 4 120 4 150 | mV
AVin (7<SVNS25) [ 145K VINS30) ] (17.5 < Viy < 30) A
0°C < T +125°C 50 120 150 mVv
AVin BsViN<20) | (155 Vvins27) | (185 < Vi < 30) v
o S 1A Tj = 25'C 50 120 150 | mv
AVIN (7.5 < Viy < 20) | (146 S Vin < 27| (17.7 < Vin < 30) v
0*C<Tj< +125°C 25 60 75 mv
AViN B<ViNL1D) (16 < V|n £ 22) (20 < Vi £ 26) v
AVn Load Regulation Tj=25°C SmA < lg £ 1.5A 10 50 12 120 12 150 mV
250 mA £ lp £ 750 mA 25 60 75 mv
5mASIoS IACC S TS +125°C 50 120 150 | mv
ia Quiescent Current  |lg < 1A Tj = 25°C 8 8 8 mA
0*C<Tj< +125°C 8.5 8.5 8.5 mA
Alg QuiescentCurrent  |5mA <1 < 1A 0.5 0.5 05 | mA
Change Ti=25Clos1A . 1.0 1.0 10 | mA
VMmN £ ViN £ Vmax (75 <SVINS20)] (148 S VNS 27) | (17.9 < VN £ 30) v
lo £ 500mA,0°C < Tj < +125°C 1.0 1.0 - 1.0 | 'mA
! VMIN £ VIN £ Vmax (7<ViN<25) | (145 S VINS30) | (17.5 < Viy £ 30) v
Yy Output Noise Voitage{Ta =25°C, 10 Hz < f £ 100 kHz 40 75 90 Ny
. AViy  |Ripple Rejection o £ 1A, Tj = 25Cor 62 80 55 72 &4 70 d8
“Vour f = 120 Hz{ Ig < 500 mA 62 55 54 d8
rC ST < +125C
VMmN € ViN € Vax (8 < Viy £ 18) (15<VN<25) [(1B5<S V< 28.5)' v
"Ro Dropout Voltage Tj = 25°C. loyt = 1A 2.0 2.0 2.0
Qutput Resistance |f = 1 kHz 8 18 19 mf
Short-Circuit Current {Tj = 25°C 2.1 1.5 1.2 A
s Peak Output Current |Tj = 25°C 2.4 2.4 24 A
Average TC of Vaut |0°C < Tj £ +125°C,1g = 5 mA 0.6 - 1.5 1.8 mv/C
Viy Input Voltage -
Required to Maintain {T] = 25°C,lp < 1A 7.5 14.6 177 \
Line Reguiation "~
Note 1: Thermai ct the TO3 ge (K, XC) is typicaily 4°C/W i 0 case and 35°C/W case to amoeent. Thermal ressstance of the 70-220
xage (T is y 4°C/W i 1o case and S0°C/W case 10 amieent.

Nets 2 Al charactanstcs are measured with cacacior across the inout of 0.22 uF, and a capacitor across the outout of 0,1uF. All charactanstics excact nose

vortage and nople {ty < 30 ms, auty cycle < 5%). Outtwk voftage

rano ave

usng puise

‘emoeranire must be taken INto ACCOUNt SADAraLsty.

due o Qe
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Typical Performance Characteristics

Maximum Average Power

Maximum Average Poyer

Peak Output Current ..

.- - -

Dissipation Dissipation
bi) - -1 b T
o ILHIIXTE I 103 j I le l I l I | To-z3 , ﬂVlour!'lmnv
HEAT SINK INFINTTE HEATSIRK | | | V| | 3 - :
g E D T - [ L
s il : [N ] 11l < 2 o .
2 ! 2 1 ! T : N i
- 1§ = - T - 1 L) 3 Tj* 6 i
s L MITH 18 CW NEAT SINK H | L 1 ! £ h'\ \
Z . N £ D 1T g d
- s P . HITH 10 CAW HEAT SINK 2 ] ,' e ‘(v\\{‘ -
H T % + = +Tj 125
H . N0 HEAT SINK 2 g P} =] 3. ! v —
[ ) noWgaTSING | | | | | | 15 I ™S
el i T T T~ ST Ty 0 ! =
S78-%0-35 9 28 30 75 189 125 ] 25 ] 7 ¢ s o5 W o XN
AMBIENT TEMPERATURE ( €} AMBIENT TEMPERATURE { C) INPUT TQ QUTPUT DIFFERENTIAL (¥}
Output Voltage (Normalized /
to 1Y at T] = 25°C) Rlppte Rejection Ripple Rejection
_toie - . 18— n
s 11 vin-Vour=sv I [_ T T ! l A l
o toes ; ; lgyr = $ma W (AR AL X “l ]-|= T T
H ? A N Vour * 8V 447 - !
: e - R =N A £ m—
22 L z el L 4 z
s 0 3 w0 L - e —
3 ; | 2 T TS Sy s e
Zom ; 2 ot n o = - :
=4 ' i = 40 i |] il o " - ;
3 = —‘—‘L[- : our * =
;ou ’ { 2 it S _S I 1120 H2
200 { H Vin-Vour = 8§ Voo * 35 Vemar 11, S 8 —viy-vour=- #Vpe - LS Vim ——|
] ! =B g ia "L"‘-. =
2 T : L1 B loyr« 14
g i — } Lr-tsc L ;e e —
5978 | { B g Llitnge | ceomg  paenq i fHEd @ N " :
-9 -50-25 @ 25 30 7§ 109128 150 A4 100 i} 10k 1000 [ H e 1§ 23 3
JURCTION TEMPERATURE ¢ C) FREQUENCY (M2t OUTPUT VOLTAGE (VI
Qutput impedance Dropout Voltage Dropout Characteristics
! 8 - 3
Vin © 1OV Cour 0 s T AVgyt « 100wV LMrzesc
= RouT 87 z —dNI - WEil T e
z toyr * 590 mA S i ligyren s
- : = ‘N VD 2 .8
g, Lunee . - loyr =4 i
: " = H i % Iyt * S00 mA S At
8 = = g T = f\ K
3 IS AN\g RIS g 5T —
z Zcoyr - 1uF N > 2 )
2 o | TANTALUM = —-lgyr A I H : Igyr = $ema |
£ 3 i = i P
] - ° [ [ a 12 tour = tAr——9
T Z 8 b ] N
——1 i = L = -
200t I S ) qlry I 1 ] 2 | . .
10 108tk 1k jom 1M “75 -50-25 4 28 50 7S 100 125 IS® ¢ H ¢ U L] i
FREQUENCY (M1} JUNCTION TEMPERATURE { ) INPUT YOLTAGE (V)
Quiescent Current Quiescent Current
55 [
! H 1 Y s 10V T T
| g ‘,L"“ ey | Vouresv | I
< | ] | tourvima T Sloursttes T -
: § oot ' ~ Tj- e l‘ ' .
H t : ’\\J ' 3 I3 -
= T l T '\J H H ] - V-
- - .2 el v b - H - r [ (RO S A S
ERRY = 3 s
= Lo i = P
z : . z 1 |
g P 3 s R
§oiped ! £ | |
. H b L, - 2 . S e -
' i
R ! P Vg ’
15 2 P !
S15-50-28 0 25 88 7S 133 175 10 S mos 3 05 308
JUNCTION TEMPERATURE (-G

INPUT VOLTALE (V)
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LM79XX

&National Semiconductor .

LM79XX Series 3-Terminal Negative Regulators

General Description

The LM79XX series of 3-terminal requlators is available with
fixed output voltages of —5V, —8V, =12V, and —15V.
These devices need only one external component—a com-
pensation capacitor at the output. The LM79XX series is
packaged in the TO-220 power package and is capable of
supplying 1.5A of output’ current.

Thase requlators employ intemal current limiting safe area

protection and thermal shutdown for protection against vir-
tually afl overioad conditions.

Low ground pin current of the LM79XX series allows output
voitage to be easily boosted above the preset value with a
resistor divider. The low quiescent -current drain of

_ B 4% tolerance on preset output voitage

e

these devices with a specified maximum change with line
and load ensures good regulation in the voltage boosted
mode.

For applications requiring other voltages, see LM137 data
shest

Features

B Thermal, short circuit and safe area protaction
' High ripple rejegtion

| 1.5A output current

Connection Diagrams
TO-220 Packagé

INPUT
oUTPUT
O [ ———> ruT
o =———> ¢rouno
T/H/7340-14

Front View

Order Number LM79550T, LM7912CT or LM7915CT
See NS Package Number TO38

Typical Applications
Fixed Reguiator
AR P A e

- 2LF — ILF
OND
‘M
NPyt wasxxer 20 ouTPUT

TUH/T340-3
“Required it regulator is separated from filter capacitor by
more than 3, For value given, capacitor must be solid
tantalum. 25 uF aluminum electrolytic may be substituted.
TRequired for stability. For value given, capacitor must be
solid tantalum. 25 uF aluminum electrolytic may be substi-
tuted. Values given may be increased without limit.
For output capacitance in excess of 100 pF. a high current
diode from input to output (1N4001, etc.) will protect the
regulator from momentary input shorts.
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Absolute Maximum Ratings (Nots 1)

It Miiltary/Aerospace specified devices are required,
pleass contact the Natlonal Semiconductor Sales
Ottice/Distributors for availability and specifications.

Input Voltage
Vo = —5V) —25V
-35v

(Vo = —12Vand —15V) . .

lnput-Output leferennal
Vo = T asv
(V‘°= -12Vand-15\/) - - 3ov
Power Dissipation (Note 2) Intemally Limited

Operating Junction Temperature Range 0*Cto +125°C
Storage Temperature Range . —865'Cto +150°C
Lead Temperature (Soldering, 10 sec.) 230°C

Electrlcal Characteristics conditions unless otherwise noted: lour = 500 mA, Gy = 2.2 p.F Cout = 1 pF,
0°C £ Tj £ +125°C, Power Dissipation < 1.5W.

Part Number LM7905C
Qutput Voltage -5V .
Units
Input Voltage (unless otherwise specified) =10V
Symbol Parameter Conditions Min I Typ [ Max
Vo Gutput Voltage Ty =25C —4.8 -50 -5.2 v
SmA < loyt < 1A, -4.75 —-5.25 v
P < 15W -~ {(-20<ViNS —T) V-
AVo Line Regulation Ty = 25°C, (Note 3) 8 50 mv
(=25 <VN< —=T7) %
2 15 mv
(—12< Vs —-8) \
AVo Load Reguiation Ty = 25°C. (Note 3)
5mA < loyT € 1.5A 15 100 mv
250 mA < loyT £ 750 mA 5 50 mv
la Quiescent Current Ty =25C R 2 mA
Alg Quiescent Current With Line 0.5 mA
Change (=25 SsVin< —-7) \
With Load, S mA < loyt € 1A 0.5 mA
i Vq Qutput Noise Voltage Ta = 25°C,10Hz < f < 100 Hz g 125 nv
i Rippta Rejection f=120H2 54 66 d8
(—18 < Viy< —-8) \"]
Dropout Voitage T;=25C,loyr = 1A 1.1 \%
loMAX Peak Qutput Current Ty = 28°C 2.2 A
Average Temperature loutr = SmA, 0.4 mv/°C
Coetficient of 0C<T;<100C
Qutput Voitage
Typical Applications (contnued)
Variable Qutput
L =
——pe SuF Ll
3] - .
12, =i p AW
SOLID ~—y= soLIo
TANTALUM TANTALUM :
ineuT LMI3XXCT ouTryT
TUH/T340-2

“Imoroves ransient responsa and ripple rejecton. 0o not increase beyond S0 pf.

R1 + A2\
/

VY -
'ouT = VseT ( A2
Select A2 as follows:

LM7905CT
M7912CT

3000
7500

M7915CT 1%

XX6LW1
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LM79XX

Electrical Chal’aCtETISthS (Corttinued) Conditions unless otherwise noted: IOUT = 500 mA, Cjy.=-2.2 ;;F
Cout = 1 pF, 0°C < T £ +125'C, Power Dissipation = 1.5W, L -
Part Number LM¥912C LM7915C .
Output Voltage “\. -12v —-15V .
p d g \ Unfs
Input Voltage (uniess otherwise specified) —-19Vv —23V
Symbol Parameter Conditions Min [ Typ [ Max l Typ l Max
Vo Output Voltage Ty = 25°C —115 =120 -125| —144 —150 =156 %
SmA < oyt < 1A, —-11.4 —-12.6 | —14.25 —15.75 \
. P < 15W (—27 < V|n £ —14.5) (—30 S V)y € —17.5) \'
AVo Line Regqulation Ty = 25°C, (Note 3) . 5 80 - 5 100 mv
(~30 < Vi € ~14.5) (—30 € Vins —17.5) v
3 30 3 S0 myv
N (—22 < iy < —16) (—26 < V|iy £-20) v
AVo Load Regulation Ty = 25°C, (Note 3) ’ =
5MA € loyt < 1.5A 15 200 15 200 mv
250 mA < loyt € 750 mA 5 75 5 75 mv
la Quiescent Currant Ty=25C 1.5 3 1.5 3 mA
Alg Quiescent Current With Line ’ ] 0.5 0.5 mA
Change (=30 S V|y € —14.5) (=30 sViy £ —17.5) v
With Load, 5 mA < oyt < 1A 0.8 0.5 mA
Va Qutput Noise Voltage | Ty = 25°C, 10Hz < f € 100 Hz 300 378 Y
Ripple Rejection f=120Hz 54 70 54 70 dg
(—25 < Viy < —15) (—30 < iy —17.5) Vv
Dropout Voltage | Ty = 25, oy = 1A 1.1 1.1 v
lomax | Peak Output Current | T, = 25°C 2.2 2.2 A
Average Temperature | oyt ='S mA, -0.8 -1.0 mv/*C
Costticient of 0C < T, < 100°C
Outcut Voltags

taken into accsunt,

Note 2: Refer to Typical Performance Charactenstics and Design Conssdmuons for details.
Note 3: Regulaton 1s measured at a constant junction temperature oy wulso testing with a low duty cycle. Changes i output voltage dus 1o heating effects must be

Typical Apblications (Continued)

Dual Trimmed Suppty
- +INPUT W LH340-5 e +5.0v
GND
240 >
< 21
0.22 uF == AN—>< Tk 1H4001
L -
% 3‘; )
(= % > QO COM
. 33 -L, ®
—— < = taf
2.2 uF == 70 u ?:4001
.- AAA > Sk
Yy L
GND -
“INPUT O—&—o  LN7905 5T . . ~5.0v
TUHTI40-4

Mote 1: Absoiute Maxxmum Ratings indicate limits beyond which damage to the cevice may occur. Cperandy Ratings indicate conditions for wiich the devics s
intended 1o te functional, but do not guarantee Spectfic Performance timrts. For guaranteed specifications and tast condrtions, see the Electrical Charactenstics.
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Design Consideratidns

The LM79XX fixed voltage reguiator series has thermal
overload protaction from excessive power dissipation, intet- ~
nal short circuit protection which limits the circuit's maxi-~
mum current, and output transistor sate-area compensation
for reducing the output cumrent as the voltage across the
pass transistor is increased.

Although the intemal power dissipation is limited; the junc-
tion temperature must be kept beiow the maximum speci-
fied temperature (125°C) in order to meet data shaet specifi-
cations. To calculate the maximum junction temperature or
heat sink required, the following thermal resistance values
should be used:

Typ Max Typ Max
Package 8¢ 6sc 64a CATY

‘CIW ‘C/W 'CIW ‘C/W
TO-220 3.0 5.0 60 | 40

Tomex ~Ta  TymaxTa
Bic + 6ca 0 o
8ca = Ocs + 8gsa (without heat sink)
Solving for Ty:
Ty=Ta + Pplbyc + 6ca)or
= Ta + Ppfa (without heat sink)

Pomax =

High Stability 1 Amp Regutator

 Where: 3.
T4 = Junction Temperature
Ta = Ambient Temperature
Py’ = Power Dissipation
814 = Junction-to-Ambient Thermal Resistance

8jc = Junction-to-Case Thermal Resistance
6ca = Case-to-Ambiént Thermal Resistance
6cg = Case-to-Heat Sink Thermal Resistance
-8sa = Heat Sink-to-Ambient Thermal Resistance

Typical Applications (continued)
Bypass capacitors are necessary for stable operation of the
LM79XX series of regulators over the input voltage and out-
put current ranges. Qutput bypass capacitors will improve
the transient response by the regulator.

The bypass capacitors, (2.2 pF on the input, 1.0 uF on the
output) should be ceramic or solid tantalum which have
good high frequency characteristics. !f aluminurh electrolyt-
“ics are used; their values shouid be 10 pF or larger. The
bypass capacitors should be mounted with the shortest
leads, and if possible, directly across the regulator termi-
nals.

*Select resistors to et OUTDUL Voltage. 2 ppm/C tracking suggested

4 Yayr (+)
+
= ,C‘LF 200 of ==
. hoft g Lt catt
= 2.24F ==
A1 2maoss = 100k
——
] wrees b Your (=)
T/H/7340-5
Load and line reguiation < 0.01% 1 stability < 02%

t0starmine Zener current
t1Solid tantakum

XX6LNT
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LM79XX

Typical Applications (continueq) -

.
Current Source

4

‘. [l ok ’
1 1R
] 1 e
224F |4 ur |} = NP,
SOLID == 1 - 1
TANTALUM LYY ] I
_L |
oD I 14F %M'
INPUT L7905
v N ot outeur
oyt = 1mA - o TUM/T340-7
Light Controller Using Silicon Photo Cell

| : L
! ; -
i SV - 15V
1 e BULSB

cit 1 / S Co 1.75A

25 uf T ‘o ) MAX TURN-ON
1 h CURRENT
! r1e == &2
i GNO T 25 uf
1
Vi =] L7905 e 3
TL/H/7340-8
*Lamp bnghtness increase until iy = ig (= 1 mA) + 5V/R1.
tNecessary anty if raw supply filter capacrtor is more than 2° from LM7905CT N
i
T i
>
< -
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Typical Applications (continued) .
High-Sensitivity Light Controller >
o o —
av-15v
e BULB
O
o1 MAX TURN=ON
1 IN4ST CURRENT
| .
. 0
: I I 13
——l L7305 b ¢
TUH/7340-9

*Lamp brightness increases until i = 5V/RA1 (| can be sat as low as 1 pA)
-Necessary only  raw supply filter capacitor is more than 2° from LM7905

* 15V, 1 Amp Tracking Regulators

TI/H/ 73401

IN ouT
+Vpy O] LM340T 9—O Vour (+) 15V
| -15
: GND R4’
. 10k
' 1%
!
1
1 D1
catt Rt A 1N4001
25 pF ~T 10k
I 1%
I
| £
1 o d
1 25 uf T
% e % O COMMON
! c2 it
1 31 L 25 i —T
cs*e b 50 < 5: R3 £ % 2
25 pf T AMA—S 5K “ 1N4001
[ YVY—P3 OUTPUT TRIM
1 T0 ~15.0V
| GND 0 s.0
1
Vi O— @] LUTI15CT [ O Vouy (=) 15V
E (=19 (+19)
Load Reguiation at Al = 1A, 40 mv 2mv
Output Ripple, Ciy = 3000 wF, I = 1A 100 pVrms 100 uVrms
Temporatre Statiity s0mv S0mv
Qutput Noise 10Hz < f < 10kiz 150 pVrms 150 pVrms

“Resistor tolerance of R4 and RS dstermine matcning of (+) and (~) .
outpets.

“**Nocessary onfy if raw supply fiter capecitors-are more than 3° from regu-
lators.

XX62WN1
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M V-31 USER MANUAL, SILA RESEARCH CO.,LTD
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