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ABSTRACT

This thesis covers the design and creation for
control the on-off switch of electrical device by use of
Microprocessor. This CPU controller shall be separate onto
two part, the first is the on-off controller of electrical
device which use of a free swihch and the other part
it the level controller of voltage of electrical device which
compose of TRIAC for voltage adjustment and two switch for
control the increase or decresse of voltage. This two part
shall use for control one electrical device and shall have
one main switch for recet the operation of system into the

initial stage of the operation
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Crystal or Cloci:_input . —
Crystal or Clock output €—— .
Program Store Enable . Port 0
(Data and Address Bus)
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RxD
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INTO\
INTI\
TO -
T1
WR\
RDA
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L HHH

. Reset

Address Latch Enable
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External Memory Access
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ACC Accumulator 9
B B registeer 1q
PSW Program Status Word 19
SP Stack Pointer 1d
DPTR Data pointer (DPH&DPL) 14
PO Port O 14
P1 Port 1 14
P2 Port 2 19l
P3 Port 3 1q
IP Interrupt Priortity 1q
IE Interrupt Enable e
TMOD Timer/counter mode Mg
TCON fimer/counter control 19
THO Timer/counter O (high) 1381a
TLO Timer/counter O (low) 1aa
TH1 Timer/counter 1 (high) . 139
SCON Serial control 134
SBUF Serial data buffer e
PCON Power control 1d1a
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agantyTunsuaziIundn Iidieed A
33d1a07 B

uddaeediadanniuasmandenisgauaznnidaieg WunTER
fqun1TauIanIvaIRadaddayT  AsnsouatyadiuiiuifeafuIig
Lt tud
1UsunsH LA LAY (Program Counter')

Liu3aa aaTiadaun1s fanunsivusn L 3@ 209138 TUTUNTH
Fya:doviunivuandudaty nasrdvaunnguivsunsnaziIandn 394
1aa3 PC
dufinwopy teed (Stack Pointer)
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tiun1snmua tiaan ¥ v Nkt S udan 109105 119 LTaT A8 AuAY
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aranen LilstFadewtn + 5 Volt azidguaiaingydonad
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] [} . o [ 3 N‘ -
LR SMMARAY Capacitor Bn  uiiufiznfgyie Reset 3:zlanazifu
1winan wandavnisafied 8751 wannsdiratuudnading S1 Jega

#31 Reset asivfuuifuiaings 1a? 8751 fazwinsiida

L 1’“ c3

UW 2.2 WARATINLEAN2IITLER

2.3 1U$ﬂﬂ7ﬂﬂ1ﬁﬂﬂﬂﬁiﬂﬁﬂ1u

CPU "g8051.TBL"

EOF "INT8"
PORTO: EQU 80H
PORT1: EQU 90H
PORT2: ' EQU OAOH
EA: EQU OAFH
EXO: EQU OA8H
P1.0: EQU 90H
Pl.1: EQU 91H
P1.2: EQU 92H
P1.3: EQU 93H
Pl.4: EQU 94H
P1.5: EQU 95H

Pl.6: EQU 96H
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P1.7:

P3.2:

INT_O:

COM_0:

COM_1:

COM_2:

COM_3:

COM_4:

COM_5:

EQU
EQU
ORG
JMP
ORG
JMP
ORG
CLR
MOV
ANL
CJINE
CPL
JMP
CJINE
CPL
JMP
CINE
CPL
JMP
CJINE
CPL
JMP
CJINE
CPL
JMP
CJINE
CPL

JMP

97H
0B2H
0000H
START
0003H
INT_O
0040H
EA
A,PORTO
A,#O0FH

A,#00H,COM_1

P1.0

ouT

A,#01H,COM_2

Pi.1

OouUT

A,#02H,COM_3

P1.2

ouT

A,#03H,COM_4

P1.3

ouT

A,3#04H,COM_5

Pl1.4

OouT

A,#05H,COM_6

P1.5

ouT



COM_6:

COM_8:

LP1:

END2:

COM_9:

LP2:

END2:

OUT:

DELAY
DL1:
DL2:

CJNE
CPL
JMP
CJINE
CJINE
JMP
INC
ACALL
MOV
JB
CJNE
JMP
CJNE
CJINE
JMP
DEC
ACALL
MOV
JB
CJNE
JMP
JNB
SETB
RETI
MOV
MOV
DJINZ

DJNZ

A,#06H,COM_8
P1.6

ouT
A,#08H,COM_9
RO, #O0FFH,LP1
ouT

RO

DELAY
PORT2, RO
P3.2,END1
RO, #0FFH,LP1
oUT
A,#09H,OUT
RO, #00H,LP2
ouUT

RO

DELAY
PORT2,RO
P3.2,END2
RO, #00H, LP2
oUT
P3.2,0UT

EA

R1,#0FFH
R2,#07FH
R2,DL2
R1,DL1

—-24-
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RET

START: MOV PORT2 , #0FFH
MOV PORT1, #00H
MOV PORTO , #0FFH
MOV RO, #0FFH
SETB EXO0
SETB EA
SJIMP $
END
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[

dydnya ANRNY

Rn 33d1aavn18% RO — R7

direct $3q1aed SFR uazwiazanuIndoyaniuay

@Ri AILON LATERIILAIINANNLAR BVUBR LATH TaudouNY
¥3d1@07 RO — R7

$data d1asHIuna 8 Iu (#1370 0 — FF)

#datalé | @1aviisuia 16 Du (#1370 O - FFFF)

addrll ANAUHITNA LASHRANIR 11 Dn @ wm¥uandy ACALL
#58 AJMP

addrié fanunTLEA LATRANWAN 16 Dn @awSuandy AcALL
#39 AJMP

rel An0aN1Ia (offset) wiodvenalnuufing
(A1 =17 @9 18 1ud)

bit anuntdnzavndlgal A uid ey tduuudn
%50 SFR

@DPTR Laf L ATHTaYRUILANNIINNBUuBN BIaNeu (A

1audoun U S3d1aay DPTR
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AT zNIRNANINABRAEAT (Arithematic Operations)

PRI TL & ATHRHNY PWIUILA  WMUNTTNT LA

ADD A,Rn U3nd1 Ra fiv A 1 1

ADD A,direct 4qgan®1uvdlIzaludn 2 1
direct fiv A

ADD A,@Ri vand1auniazanuanifiveyg 1 1
1% Ri fiu A

ADDC A,#data vandlavi 8 dafy A 2 1

ADDC A,Rn N1 Rn fiv A wionunfn 1 1
Carry

ADDC A,direct UINAITUNUIILAINNAY direct 2 1
fiv A nfouunin Carry

ADDC A,@Ri uandﬂﬂuwﬁ1Uﬂ11uaﬁﬁLﬁuaq 1 1
W Ri iy A wiawuwdn carry

ADDC A,#data uIndavil 8 Dafy A wieu 2 1
uNdn Carry

SUBB A,Rn aud1 Rn iy A wdauundn 1 1
Borrow

SUBB A,direct @aUf11unU003 83" direct 2 1
fiv A w¥ouundn Borrow

SUBB A,@Ri audunianal N Llvegau 1 1
Ri fily Anfonuwdin Borrow

SUBB A,#data uand vl 8 Dafu A wien 2 1
uifn Borrow

INC A LRaudw A 1 1
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AdvUTzunananvaladdas (Arithematic Operations)

;ﬂuuuﬂﬁﬁﬁ AUNNY PWINILA P WIMUNT TN LAR
INC Rn \¥ud11% Rn 1 1
INC direct VANAAURIEILA7HAT direct 2 1
INC @Ri Lﬁﬁﬁjﬂuwﬁamﬂaﬂuaﬁﬁtﬁnag 1 1
1% Ri
DEC A FAAIU A 1 1
DEC Rn 806194 Rn 1 1
DEC direct AARVURUILATINNAY direct 2 1
DEC @Ri aﬂﬁwﬂuﬂﬁauﬂawuaﬁﬁLﬁnaq 1 1
14 Ri
INC DPTR LAuA1% DPTR 1 2
MUL: AB qu A fiv B udtflvdraw a1 4
DIV AB ¥13 A @ B ufaifudrau A 1 4
DA A #1 decimal adjust @19% A 1 1
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A¥9N19899n (Logical Operations)

ATTNARNE FIUIRILA VIUIRUNTIULD L AR

ORL

ORL

ORL

ORL

ORL

ORL

XRL

XRL

RPN

ANL A,Rn .
ANL A,direct
ANL A,@Ri

ANL A,#data

ANL direct,A
ANL direct,#data

A,Rn

A,direct

A,@Ri1

A,#data

direct,A

direct,#data

A,Rn

A,direct

AND @19% Rn iy A
AND @193u%H8a210N
direét fiv A

AND @1%uniIBa%MAT
vfiuay Rn fiu A

AND é1avi 8 Dafiy A
AND @1 A NUnRi8aIN"
direct

AND dnevi 8 Dafuning
A31490 direct

OR @194 Rn iy A

OR  @1AUAHILAIININ
direct fiv A

OR  é19unitiealnans
(fluay Rn fiv A

OR d1avi 8 Daffy A
OR @71 A NuniIgal1uIN
direct

OR #navil 8 Daffumian
A314" direct

EX-OR #1794 Rn fiy A
EX-OR @19URHI8AIININ

direct fiv A

_42_




ﬂﬁﬁﬂﬂ1ﬂﬂi$n (Logical Operations)

JULBUaNdY AURNY VWINIUE wmuNgIutr Lfa

XRL A,@Ri EX-OR dliundqaa7378’ 1 1

T« §uffuan Ro fiu A

XRL A,#data EX-OR é1avil 8 Daffu A 2 1

XRL direct,A EX-OR @1 A fluniae 2 1
A11N3" direct

XRL direct,#data EX-OR #1av# 8 Dafy 3 2

#8838’ direct

CLR A ndnau A L Jugue : 1

CPL A nfudndatn A Buatedw 1 1
Nnin

RL A wyudadu A Mnvdie 10 1 1

fiquazdn 0 He1 0

RLC A wyudadn A Mumvde 1 1 1
Dauszda o fdrdailogiu
unNdn Carry

RR A wyuladu A gwivnn 101 1

Dauazia o fdranda 7
RRC A wyudaty A w0 10 1 1
fauazdltainda o wvyLfy
wuUNdn Carry ua:ﬁmﬁagﬂu
Undn CArry t@wvzdmun
tlvauda 7
SWAP A ﬂﬁnﬁwﬁﬁwuuﬁuﬁﬁwﬂwvnwu 1 1

U A
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andviafoudadoya (Data Transfer)

JunvuAndy ANANEY VWMINLLE VWML TTULY LA
MOV A,Rn d1edayasin Ro 10 A 1 1
MOV A,direct difayavinnidiwaduan 2 1
dirert U A
MOV A,@Ri drufoyaannwiiaadinan 1 1

Aifluegau Ri Ay A

MOV A, #data drodoyaasit 8 Daty 2 1
WAudt A

MOV Rn,A grufoyarin A 1Y Rn 1 1

MOV Rn,direct grefoyarnnniigadinan 2 2

direct 1Y Rn

MOV direct,A dradayavin A 1l 2 1
WiuA21N3Y direct

MOV direct,Rn drudoyarin Rn 1ufy - 2 2

BUALAINNIY direct

MOV direct,direct diufayassnitvniae 3 2
AWMU
MOV direct,@Ri g fayaannmilaadnuian 2 2

fiiAvegau Ritufoniiag
A4 direct

MOV direct,#data fofoyaevi 8 fatufiy 3 2
PUIBAIUAN direct

MOV @Ri,A drafouaiu A udvndan 1 1

AN fivagu Ri
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ﬂﬁéﬁlﬂgauﬁﬁﬂﬁaga (Data Transfer)

Juuvuany

AINANY FIUIRUA

AIUIRUNTTUT L Aa

MOY @Ri,direct

MOV @Ri,#data

MOV DPTR,#datalé

MOVC A,@A+DPTR

MOVC A,@A+PC

MOVX A,@Ri

MOVX A,@DPTR

MOVX @Ri,A

MOVX @DPTR,A

drafayainnuidizaiinan 2
qirect-iuﬁvnﬁaﬂdﬁwuaﬁ
%Lﬁﬁé@ﬂy Ri

drudasi 8 Datufiy 2

WA luegau Ri

fudagarnuiagainuan 1
foyafidufingy DPTR
U8y A

defayanuianaInan 1

U9 A
frudeyasnwiaiiifivag 1
14 Ri ludy A

$ 3 ;3

B8 TOYRIINARILAIINIT 1
ﬁLﬁUﬂQﬂu DPTR “1Ufly A
drudoyai L ivagau A 1
wuientasannuani ey
4 Ri

drodeyaiiiluagan A 1
iuﬁﬁﬂﬁdmﬂdwuaﬁﬁlﬁuaq

14 DPTR
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y &
adviadoud udoyn (Data Transfer)

JukLUAndY ANRNEY PUWWLE LN TTuT L84

PUSH direct drufoyaniauaiwen 2 2

.dirget tuiflufiy stack
L ‘e
POP direct a drafoyarin stack 2 2

1UFIRE8A2183 direct

XCH A,Rn nantyfeudoyaszndne A 1 1
il Rn
XCH A,direct wanivieudayassuine 1 1

WiIBA WA direct
iy A

XCH A,@Ri uantufeudoyasndte 1 1
ﬁﬂauadwﬂmﬁﬁtﬁuagﬂu Ri
fy A

XCHD A,@Ri | uan tvduudoyaddasy 1 1
INNAILANI L Ava

T4 Ri flu A
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avrdvianisfayauvulia (Boolean Variable Manipulation)

JuuvANdEY AHRUY TWINLLA A IWMUNTTULT LA
CLR C WUA8n Carry ﬂﬁ;guxo 1 1
CLR bit we1 bit akifu o ° 2 1
SETB C wwﬁngﬂgﬁ Carry fifiu 1 1 1
SETB bit ﬂﬁﬁﬂ'éfi atifin 1 2 1
CPL C NAUAWUNEAN Carry aWifu 1 1
a59iudw
CPL bit ANUAT bit AW ifuasedudw 2 1
ANL C,bit AND @1 bit Auuwfin. Carry 2 2
ANL C,/bit AND dnasviiwzay bit Sy 2 2
U¥dn Carry
ORL C,bit ORL @1 bit Nuuwdn Carry 2 2
ORL C,/bit  ORL @ @5v9f1uzey bit fiv 2 2

UNdn carry

MOV C,bit  d1ad1 bit w1dwuNin Carry 2 1

MOV C,/bit  duduufn Carry 818y bit 2 2

JC  rel nizlae drdunfin carry 2 2
ifiu o

JNC rel niziaa drduAdia Carry 2 2
vu 1

JB  bit,rel n3zlaa &6 bit 10y 1 3 2

JNB bit,rel nssiae §141 bit 18u o 3 2

JBC bit,rel n9:19@ 4161 bit 1w 1 3 2

W8z LUREW bit Ou 0
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ﬂﬁﬁﬂﬂ?ﬂﬂﬂﬂﬂi%ﬁﬂﬁﬂTﬂiuniu (Program and Machine Control)

.

Junvpande A7ANHY VIWIWLYA UIUUNTTULT LA
CLR C nIAUNEn Carry ﬂﬁ;ﬁ, 1 1

‘ viw o
ACALL addrll TUnIgIunsNdgauIIng 2 2

waaiasd 11 da
LCALL addrilé6 1Unitysunsudaungl 3 2

WA LlasH 16 ia

RET ﬂﬁﬁvﬁuaﬂﬂWimﬁﬂwu i 2
TUsuASHLaY
RETI andvdugani vy 1 2

Tsunsudonduiaosiua

AJMP addrll nTzleatydvaundesnn 2 2
fAuantlaId 11 Ia

LIJMP addrl6 s iaaludvanunisaIn 3 2
fuoatass 16 Ia

SIMP rel n3z10atufivanuni 2 2
FudindTuanuniviiayiiu

JMP  @A+DPTR n3z1aatudvanunied 1 2
Hfudns iy DPTR .

JZ rel N5 1A UEIA RIS 2 2

Fusinsivaundviiaydiv

f1nnan A 18udn o
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ANEIAUQNNTIINININTYSUNTH (Program and Machine Control)

FRISIILRES

A THRNNE

WUIULUA AIUWINUNTTUNT L Aa

JNZ rel

CIJNE A,direct,rel

CIJNE A,#data,rel

CIJNE Rn,#data,rel

CJNE @Ri,#data,rel

N3 riaatudvauniei 2 2
FudinsHivanunieiivyiin

dawmndn A 1fudn 1

tSeuidisy A ffunday 3 2
A21N" direct UKL
nTsiaatudvauniei
Fudingfvanunisdaydu

g1 L

wisyifoy A fudaeed 3 2
Wazns s 1aatudsaunied
Fudnsfivauniviagiin

R RN EAT BTt

B

LUSuu L8y Rn Auaavy 3 2

R~

warnsslaatudvanunii
Fudnsiuatundeiiiu
fadd eiafiu

LU BU LA UAAURUNY 3 2
A NAaTLAYAR RL fUdN
avfinazns s Taalul

A RRuAnT fuanumny

faqdin A Linfiu




ﬂﬁ%iﬂduﬂun1iﬂﬁﬂ1uiﬁiuﬂﬁu (Program and Machine Control)

JUMULANE ANRNY VWMLLA Mwmuar It Lda

DIJNZ Rn,rel

DINZ direct,rel

NOP

AAA194% Rn uasnsslaa 2 2
1SRl A duRng iy

auniaiyiin drad

184 o

AAAITURUILAINRN 3 2
direct us:nisiaaiy
anunto RSNk fuaunig

faydin drérifa o
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\ i

MMB4C922/MM74L922 18 kéy éncoder
MM54C923/MM74C923 20 kéy éncoder

B

genéral déscription

These CMOS key encoders provide all the nuccmry
logle to fully encode an array of SPST switches. The
koyboma scan can be implemented by eithér an extern |
clock or externat capacitor. These encoders also have on-
chip pull-up devices which permit switches wﬂh up to
50 k{2 on resistance to be used. No diodes in the switch
arrdy aré_needed to eliminate ghost swliches. The
internial debounce circuit needs only 3 single oxmml
capacitor and can be defested by omitting tho cnpacltor.
A Data Available output goes to a high lavel when §
valid keyboird entry has bean made. The Dats Avallable
output refurns to a low level when the entdred key I
released, sven If another kay is depressed. The Datd
Available will return high to Indicate scceptance of the
new key after ¢ normal debounce periad; thif two key
roll ovar is provided betwsen any two witchds.

provide for dasy sxpansion and bus operation and sre
*LPTTL covppnibla.

faatures )

# 80 k52 maximum $witch on resistance

On or off chip clock

o 8

On chip row pull-up devices

2 key rolt-over
'

Keybouncs slimination with single capacitor

o~ 8-

4

Last kay register 8t outputs
TALSTATE outputs LPTTL compstible

2 s Wi
An internal rcgimr remembers the last kox prossed \ Wide suistiv/idces | Wio 15V
tven sfter tho kev Is nlused Thée TRI-STATE® dutputs . Lo\w power consumption’
v A s s gk :
tonnectioll Hiagrams '
A)
N, o . .
b
AN / ) |
. L " {
DualAn-Line Packege , 4 . ' Y/ Dusi!in-Line Packsbe
C e Uy, v R T
| . by .'—’-nm:'ni 1 N ::'"" L mtasers '
* hown U (4 Sara vt - "-:' HE s vere
AR TR i ' biragere .f‘ff—" T;"" ore
g 4 Y s our o b i [ oamaore
atvaounti wate Ui 1g oo s . ?ncnilifq‘-:- J:-uu oute
o - ne - '
. eouvnia xe L 'L para Amum ' ""“'?","f' n [ ' .
'céu&i': Al LI tovime ve -4 'Y para avinastt -
. ) . - . .. ¢ .B.
s ] Y cd o 1} / ~ s oty
. L Y L ot s
, Yorview - ' '
g - Dy e . ' ] Tor virw 4
Order Number MMSdC#IIN  ~ | Ordie Humber MMBACI2IN
or MM74C92IN . ) o MM74C32IN
80 Pockage 20 - 804 Packege 20A
0 ..‘ :
. : A | , \
. . P CIAI T} ' s
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B i e T

RIS ‘.)i...',i . Xy kY ~

absolute maxlmum ratmga RS ¢ R ; 3
Voliuge st Any Pin ‘v q:vnvcco raehppluumlon IR ]
On':'g':'ﬂ:"vﬂmﬂw" pc ?4‘{'.'1'.’. ..., Optrating Vog Rempy e W10 18V
" MMS4C922, MMS4C923 . -u'c‘.mrc ar i Vee T
MM74C822, MM 74922 ~40°C to +85°C F Lnﬂmmn (coldulm. 1pqaond|) ‘wye

Biofm Tempersture Rangs . -

X 141G,

e o

dc plectr ical characteribtlcs Mlnlmox J‘ml}i wply u:rpu temiperature range u un!m othferwise noted

"'\

‘1

\-

, PARAMETER b [ couomom ! [ © MIN ] tvr 1 MAX | uwiTs ¢
CMOS TO CMOS A ' - '
“Vre  Positive-Going Threshold Volisge st . CVeceSV. liN20TmA Y 3 " a8 4 v
Oxcand KBM Inpus ", ¥ |+ f vcc-ibv I|N>1§m5 8 63 | 88 v
. Sy T vees e, fip22{mA 8 /| ® 129 v
Vi, NegativyGaing Threshold Vohape at. - Yec oY lmzo A 01 < 14.] 2 v
. . O andReMirputs. 'ch = 1QY,- ImZHmA .14 32 4 v
[ TN LYEC IOV, N2 2 mA a8 |8 v
ViNﬁ) Lo'qlcd “1* Input Volu,ﬁ, Exu‘ét . VCC QV. t 36 46 R ' v
- ©Osc snd KBM Inputs Lo vee's oy,:. 8- | & v
i : vee « 16V, \ 12.6 135 1 v
ViNi}  Logica o lnpm Voitegd, Expcpv ‘vegeBY. i o 0 | 1 v
Osc and KBM Inputy ! ) ( Vcc <10V, : 1 2 v
' " } | vecewv ™ . s 28 v-
lhp Row Pull. 9p Current 2t Y1, ¥3, Y3, vcc “8v, ym . o ' vcd =] - A
Y4 and Y8 lnpuu “veee mv : -10 -20 HA
] vee lISV -22 48 HA
‘ - [ N e e e -
VourTiy) Logical “1” Output Voitage . vee=6v, fg=-10uA 48 . \ v
! vee 9.1V, |° . '1°MA . 8 - v
- : - A , vee e 18V, Io-—lOuA_ 136 ! v
Voutig) Logical 0" Qutput Voltage Vcc- 8v, IQ‘ 10uA ' 0.§ .V
; VCG =10V, g v 10pA ! v/
. ’ ,Vee = 18V, Ig = 10uA 1.8 v
. R " ) -
Raon Column “ONY Resi L ycc-Qv, v,o-95v 800 1400 " n
X1, X2, X3 and X4 Output! il vee=10v, You1v 309 700 a !
1 1 vcc-tbv vo-m} : ) - 200 500 ]
ice SupplY' Current . . . Ycc=5v. o.euov / 3 068 (R mA
vee e oV R B 19 ‘mA
Ved = 16V 17 4|, 28 A
ting1)  Logical “1” Input Cursent n Vce = 18V, Vi T 18V : 0008 | @10 BA
Output Enable X ’ ) S R B '
linto)  Logical 0" Input Current at 'Vee = 16V, VIN=QV -10 -0.008 BA
Output Ensble \ ’
CMOS/LPTTL INTERFACE T N
VIN{1)  Logical “1" Input Voltege, Except B4C, Vcc =48V - \"lcc—l.s - v
Osc and KBM Inputs mc, Yee* 4 v vVee-1.5 v
Vinto)  Logicat “0" Input Voltaga, Excupt C ch-4SV - by Y
Osc and KBM Inputs 74C, Voo 4 |5V 0.8 p v
VouT(1) Logics! “1” Qutput '\{oll‘o' : BAC, Vcc 2 4.5V, ! 24 v
! Ip » ~3%0uA ‘
. . C, Yoo = 4.6V, 24 . v
. | o=-se0d T
VOuT(D) Logiéat “0” Output Voltage o 3 54C, Vo = 4.V, ' ; . 0.4 v
: ' 1g = ~360uA (
24C, Vee =478V, . ) 04 v
! lo - -jamﬁ s N ) L ]
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'

de e!écincé' chéfaﬁteﬁ&tlcq (coh't) o : ' S '

PARAMETER | CONDITIONS 1 N | rve [ max T unirs
OUTPUT DAIVE (844 B4C/74C Faimily Charscteristios Dats Sheat) , : ' .
ISoURCE Output Soyres Currént (P-Chinnel) Vee =BV, Vout =0V, -1.76 | -33 mA
| o :
Th=26°C . . ,
1SOURCE Output Soured Currdnt (P-Chinnal) vcc « 16V, Vo = oV, -4 [-181 mA
) . TA - 26 c
IGINK  Ounput Sink Burrént (N-Chiadl) vcc LBV, Vout = Veo 198 ] 38 mA
[ N TA 25'
teINk | Output Sink Currsnt th-channal) vee = 10V, VouT = Vec. 8 18 mA
) “ N .TA,:- zs’q .
. 1 vt LY | 5 i . v
ac electrical chdrdctéristics ra=28%c, .
PARAMETER . . CONDITIONS MIN | TYP | MAX | uNITS
tpd0-tpd 1 Propiﬁailon Qilay Time to €L~ to pF, {klgurc y
Logical 0" or Logical 1 Vee &6V 80 150 ns
trom D.A. Vee=10V. 35 80 ns
' Vee = 16V 2% | 80 ns
OH.IH Pn')pagaiion Delsy Time from ' Ry = Iok CpL ~8pF, (Ffﬁm 2
Logical “0" or Loglesl "t Vec =5V Rpetok - ¢ 80 200, ns
into High Impedance Stite Vec 2 iov = 100k ! 8 | 150 nt
iy . Vee = 18V 50’ | 110 n
tHo.tHi  Propsgblion Delay flmé from AL :‘1()‘:, 6L = 60 pF, tFfpure 2) A
High Impedance State to & ! Vcc' 6V Rp =10k 100 | 250 nt
Logichl 0" or Logleal “}°° Vcc =10V &y = 50 pF ‘65 | 126 | ni
. . Vcc = ibv : 40 80 ns
CiN Input Cdpscitence ‘ “nv Input; (Noté 2) ' (4 14 pf
Cour s . TRI-STATE Output Capscitance Any Output, (Noup; (a T oF,
“Abioluté Max ximum Ratings”, are, thoes velus hyondwh?d\ oty o1 the devics cannot be tood. € for I
) Tornunum Rapge” :V‘:: are 4 ’:qun;':;a In::tv th‘:‘h dovicds ihoul? b:.oo'oym an limit M :;o':f 'em::rcwom::!
ptovldu chnditions for et JRI-: 4 FAN o { v . :
§ Ghiogsd hur“;n&fwb«bdle a‘z.eu NTAA i
o A T L B .
mfahm@ g W&v&fch‘i{i .r TR\ cog
‘e fi, .}\ . -,{‘ i by .‘- oy 4 f
.\,,‘ ] N - S DR (R ,
ma&: ". R .' S5 e 4“.':-_.' Y T LSRN TRIA
( ‘ » K Iy KN e ——,
: l o l ™ Em v ,
<, , - RN [ |
Pept cqan .' l“ ! . . ) N : . }‘—". .
ARY oTHR . LVl v
. "". i bl g - [T “".‘" ) .A(;LT'U“II‘I'
i J ; P .__i_._r
4, N i1 vee
, R I i
1 ¢ ' :‘ ‘..f. v ‘J'
Avm?u'u ! S .
i i st T L e !
' f , ", o “ m savee
v C i" ok ‘l'gg
’ . N ’ ' '
e (R SO "4
BT R linor ___J_v_amm'
Tie 'd~ n—“h?!d‘mn-wkmbeiﬂxﬁ'rﬁal Teder 0 ‘
w.cuom lemu . f “-x " ,.;({’, o ) ,
s !' lxmuai : Lo O C ricunt 2
b e q,.x Bk -y BURI ¥ g2 B e 1 . . .
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ML e

"‘ lﬂ AT fp‘u R AT B 4
e !

_.fu(rmz“\r.
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block diagram |

. th ;‘a‘l.-"-":
b e e
. AN e
' o A N e
scdere L iy AT LR RMURY
¢ . eaeeex . ) KL CRTEAE -
— . Y L .
i 0} aur. o cantont
coveTEn
1 A
H 13
.
. e
Y
b o R IN I ERD
3704 00c008
, MUty

. { ) \ N 3 '
' ams, 1 /1 L i
, B L ; i u—jcg ? -
Y /L T TR I
|' b b 4 _ 1 :
‘ . o+ O i .

P B SEEna | ; ‘ _
truth table 4 TII[OY ~ _ '
ST - 2 3 - 4 8. 1- 0 * . 10 “nu.u " 5. "
PORITION !l.l! nn YIX3 VI X4 YRXE V& 3 '&5 Y3 X4 YIXI V!l’ 3 4, va. x4 YRext

Bale v o v e 0 o 4 & e o' 1 8 ‘1 ‘e ' e
T ¢- 0 t 1 6 e, v 1 8 ® toov e 1 e z ~ 9 '
Ac [ 2 ] [) [} [ W (R« T /) [ "t 1 ) ] 1 [ PR 1 ® []
90 * o o o 6. 8 o z [ [ B ' ] ® ‘
Verf o.0o o o o 00 * 8 0 -0 "0 0 6 o v+ 1A [ \
- n " e " e v A DI P -
*Omit for MMBACO22/MM74C922 ! " v G v !
e R R P }" h - S ,
! [ F~%4 0 - ' f '
typical performance characteristics [ ! ¢ ,
) p T ' s
Typlegl Irg vo Vi ot Any . . Tnhd R.»v-VouvﬁAnv
! X Input ¢ i “'
. - " Tae ¥t . - P I'“'" Jacue
3’ n b— Veg o 18V . > , I Ol
. i i, N ER R , "
. R \ / . H - -
. i ‘ / B {
i oA ad RIS DR '-
! P l // : 4 ! 1. !
. s IS v . [0 P
. N A Veg o8V ‘x T
. s . K .
y ' ' w oy , "
, “ . Vgg-V” R B
! , J. . ey
I K
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ULNZ2001A THRU ULN2005A
DARLINGTON TBANSISTOR ARRAYS

02624, DECEMBER 1976 HEVILED SEPTLMULA 1ylis

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

D OR N PACKAGE
{TOP VIEW)

® 500-mA Rated Collector Current
{Single Output)

® High-Voltage Outputs . . . 50 V 18{r UelJic
28(2  s[]2c
3]s 4[d3cC
as(]s  13[d4c
58.[4 5 z[]sc
6!3,[1 8 njl6c
7 e{)cC
COM

® Output Clamp Diodes

Inputs Compatible With Varlous Types of
Logic

® Rulay Driver Applications

® Designed to Be Interchangeable With ef]s g
Sprague ULN2001A Series

description

The ULN2001A, ULN2002A, ULN2003A, ULN2004A, and ULN200SA are monolithic high-voltage, high-
current Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage
outputs with common-cathode clamp diodes for switching inductive loads. The collector-current rating
of a single Darlington pair is 500 mA. The Datlington pairs may be paraflcled for higher cunent capability.
Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge),
line drivers, and logic buffers. For 100 V {otherwise interchangeable) versions, sea the SN756465 through
SN75468.

The ULN20O1A is a general-puspose array and may be used with TTL, P-MOS, CMOS, and other MOS
technologies. The ULN2002A is specifically designed for use with 14- to 25 V P MOS devices. Each input
of this device has a zener diode and resistor in scries to control the input current to a sate limit. The
ULN2003A has a 2.7 kQ series base resistor for each Daclington pair for operation directly with TTL or
5.V CMOS devices. The ULN2004A has a 10.5 ki series base resistor to allow its operation directly from
CMQOS or P MOS devices that use supply voltages of 6 to 15 V. The required input current of the UL N2004A
is below that of the ULN2003A, and the required voltage is luss than that required by the ULN2002A.
The ULN2005A has a’ 1050 (2 series base resistor and is specifically designed for use with TTL devices
where higher output current is required and loading of the driving source is not a concern.

logic symboil logic diagram

19}
9 B
crame el com - — com
1] e .
(11 {16} B = " > 2l
B D of~——-1c
(2 . {15) . 9
e — i 2c 2) nsy
13l Ll 28 - o— ———2 3¢
38 b 3C
(4] L. (13) ®
© s (12) “ oy 31 I__ } LI
50 ——— = 5C kit o ——m——
i
(1 -':I—'-— :‘u—a: 6C [-H- ] .
78 AL ] o — 7C 48 -———-'m DO— e —f— 4C
[This symbol s m accordance with ANSIVIEEE Std 911984 and 5 M “2
1IEC Publicatson 617 12, 68 e ————— 5L
.”...4
o8 2! S N LTI
(10}
A — e 7C

PRODUCTION DATA decuments centaia information . Copyright © 1988, Texas Instiuments lncorporated
current us of pubhicetion date. Products conform to . ”

lpui‘lu:dua pot thl l‘-mg of Tusus .Inl‘lunuuu 1hXAS

standard wasranty. Pruduction processing does not -~ .

nucossanly include sstiap of all pacarmeleis, INSI '{UMEN I‘b

PUSL UFFICE BOA 045103 < DALLAS TEXAS Jblub 4 158
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ULNZ2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

schematics (each Datlington palr)

COM coMm
- 54 OUTPUT C
OUTPUT C F‘
—— —AAA——
INPUTE [: . INPUT B 10.5 kit
72 0 Ak 360 g E
[ ] 3 K
.__—K-—-o
r a
ULN2001A ULN2002A
—Pp}—com
. ‘Re OUTPUT C
INFUT B k\_‘
ULN2003A: R = 2.7 ki?
ULN2004A: Ry = 10.6 ki} —A A
ULN2005A: Rg = 106 kN }7‘2 v A €
777
ULN2003A. ULN2004A, ULN200SA
All resistor values shown are nominal.
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Collector-emitter voltage . . .. ........... oy o] YT . ) MARE L Mo S 50 V
Input voltage {see Note 1); ULN2002A, ULN2003A, ULN2004A ... .............. ... ... oV
ULNZ2005A\M . @R .. [ LG~ L. ... . LY. g4 ........ 15V
Peak collector current {see Figures 14 and 15} .. .. ... .. ... ... ... . it 500 mA
Output clamp diode current .. ... . e e e e s 500 mA
Total emitter-terminal CUMENT . . . . i e e e et i e e -2.5A
Continuous tota! power dissipation. . . ...... .. ... ... ... ..o See Dissipation Rating Table
Operating free-air temperature 18NQGB . . ... ... vin it ittt ~20°C to 85°C
Storage temperature 1aNge . ... ...ttt i e e e s -65°C to 150°C
Lead temperature 1,6 mm {1/18 inch) fromcase for 10seconds . .. ................... 260°C

NOTE 1: All voltage values are with respect to the emitter/substrate terminal, E, unloss ntherwise noted.

DISSIPATION RATING TABLE
2

PACKAGE Ta = 25°C DERATING FACTOR Ta = 85°C
POWER RATING ABOVE Ta = 256°C POWER RATING
D 950 mW 1.6 mwi/°C 494 mW
N 1150 mW 9.2 mwi°C 698 mW
s
EXAS
INSTRUMENTS
4-156 POST OFFICE BOX 888303 - DALLAS, TEXAS 78208
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

elactrical characteristics at 25°C free-alr temperature (unless otherwlse noted)

TEST ULN2001A ULN2002A
PARAMETER FIGURE TEST CONDITIONS MIN_ TYP MAX | MIN TYP MAX UNIT
. Vg =80V, h =0 50 50
ICEX Collectos cutoff currant Vce = 60 V.|l = O 100 100 uA
2 Ta = 70°C |[Vi=6V 500
hiottj  Off-stats input current 3 :;:e_-;g:- lc = 500l o5 g5 50 65 sA
[} Input current 4 V=17V 0.82 1.25 mA
heE z;‘;::’":::d currant 6 |Vce =2V, Ic = 350 ma 1000
Vifon)  Onm-state input voltage ] VCE = 2V, !c = 300 mA 13 v
Collector emitter lj = 250 yA, Ic = 100 mA 0.9 1.1 0.9 1.1
VEE(S30 4o1uration voltage 6§ |4 =3604A, Ic = 200 mA 1 1.3 1 13] v
l| = 600 A, Ic = 360 mA 1.2 1.8 1.2 1.8
. VR = 50V 50 60
Ia Clamp diode teverse currant 7 Va = 50V, Ta = 70°C 160 100 pA
Vg Clarnp diode forward voltage 8 Ig = 350 mA 1.7 2 1.7 2 \
C; Input capacitance Vi =0, f =1 MHz 16 25 16 26 pF
electrical characteristics at 25 °C free-alr temperature (unless otherwise noted)
TEST ULN2003A ULN2004A
PARAMETER FIGURE TEST CONDITIONS MIN_ TYP MAX | MiN TYP MAX UNIT
. Veg =80V, || =0 50 60
Icex Callector cutoff current Vee =50 V.4 =0 100 100 #A
2 Ta = 70°C |Vy= 1V 600
oty Off state input current 3 ¥§£==7:<:CV- 'c = 800MAL o) 65 50 65 #A
V) = 3.85V 093 1.35
[} Input cuirent 4 Vi=6V 0.35 0.5 mA
Vp= 12V 1 1.45
Ic = 125 mA ]
X Ic = 200 mA 2.4 [}
Vilon)  On:state input voltage 6 Veg = 2V :g : ::: :: L3, 7 v
Ic = 300 mA 3
Ic = 350 mA 8
Cotfactor or e I| = 260 A, I = 100 mA 09 1.1 09 1.1
VCE(Sat Jp i ation vonh 5 [ = 350 4A, Ic = 200 mA 1t 13 1 1.3 v
Il = 600 yA, Ic = 350 mA 1.2 1.6 1.2 1.6
. VR = 60V 650 60
[+ Clamp diode teverse current 7 Vp = 50V, Ta = 70°C 700 700 pA
VE Clamp diode forward voltage 8 Ig = 360 mA 1.7 2 1.7 2 \'4
C; Input capacitance Vi = 0, { = 1 MHz 16 25 15 25 pF
*
Texas
INSTRUMENTS
POST OFFICE BOX 656303 - DALLAS, TEXAS 78265 4-157
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

elactrical charactoristics at 25 °C free-air temperature (unless otherwise noted)

TEST ULN2005A
RAME TEST CONDITIONS 1)
PARAMETER FIGURE €S MIN  TYP MAX UNIY
Veg = 60V, § =0 50
! 1 toff t ]
CEX Coltactor cutof! curren Veg = 60V, 1 = 0. TA = 70°C 100 BA
Mot} Off-state input current 3 Veg = 50V, Ic = 600 A, Tp = 70°C 60 65 A
Iy Input current 4 Vi=3V 1.5 2.4 mA
Vijon} __ On-stste input voltage (] Veg =2V, Ic = 350 mA 24 v
Collect it ) = 250 pA, ¢ = 100 mA 0.8 1.1
-om
VeEtant ’;u‘::u‘::vo“:'n 5 It - 360 gA, I = 200 mA T 13| v
9 i) ~ 500 sA, Ic ~ 350 mA 1.2 1.8
VR = 60V 50
IR Clamp diode reverse current 7 VR =60V, Ta = 70°C 00 pA
1 i f d
VE Clamp diade (0P 8 tg + 350 mA 1.7 2] v
voltage
Ci Input capatitance Vi =0, { « 1 MH2 15 25 pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
LM Propagation delay time, fow-10 high level output Sen Flgure 9 0.25 1 »
PHL Propagation delay tima, high-to-low-lave! output o 0.25 ¥ ne
Vg = 50V, Ig =~ 300 mA,
VoH High laval output voltago after switching Suss FID-:HO 10 0 \ Vg - 20 mvV
Texas e
INSTRUMENTS
4.158 POST OFFICE BOX 885303 - DALLAS, TEXAS 78268
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION
OPEN  Vcg

OPEN Vce
Icex Icex
OPEN vy

FIGURE 1.1ceX FIGURE 2. Icgx

OPEN Vee

\

titotn) Hion)
! o v OPEN

FIGURE 3. 1j(o1f)

FIGURE 4. 1)

OPEN OPEN

NOTE: t) is fixad for measuring VGE {sa1), variable for msasuring heg.

FIGURE 5. hrg, VCE(sat) FIGURE 6. Vi{on)

Vn‘ln

FIGURE 7.1

=

FIGURE 8. Vf

Texas {5‘
INSTRUMENTS

POST OFFICE BOX $88303 « DALLAS, TEXAS 78208
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

INPUT 50% 50% X
t []
)
)
\
ouTPUT A 50 50"

VOLTAGE WAVEFORMS

FIGURE 9. PROPAGATION DELAY TIMES

Vs
INPUT
ULN200VAenly ) 2mH
2740 r. “
- AAA - H
PULSE 1 jg3.a
GENERATOR |—®------ —L ¢ & 3 ouTPyT
{See Note A} ULN2002A sr<Cp~ 15 pF
ULN2003A  =—f===== {See Note B}
ULN2004A L
ULN2005A
TEST CIRCUIT

—a Je-<5m - e—<10n
1 !
_:"' Wiy — A T V'H
1

L]
[}
] 90% 0%
(See Note C}
INPUT :{ 15V 15V} *Te
10%. : 1A 10% ov

(]
M—— — —— 40 g -————H

ouTPUT \

VOLTAGE WAVEFORMS

Vou

3

NOTES: A. The pulse genarator has the following characteristics: PRR = 12.6 kHz, 25 = 50 Q.

8. Cy includes probe and jig capacitance.
C. For testing tha ULN2001A, ULN7003A, and the ULN200SA, Vi < 3 V; for the ULN2002A, Vil = 13 V; for the ULN2004A,

Viy = 8 V.
FIGURE 10. LATCH-UP TEST

TexAs {”

INSTRUMENTS
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ULN2001A THAU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

COLLECTOR-EMITTER

SATURA

COLLEC

TION VOLTAGE
L
TOR CURRENT

{ONE DARLINGTON)

TYPICAL CHARACTERISTICS

COLLECTOR EMITTER
SATURATION VOLTAGE
v
COLLECTOR CURRENT
{TWO DARLINGTONS PARALLELED)

COLLECTOR CURRENT

v
INPUT CURRENT

Kl T 1 1% | AL =100
g Ta = 28°C # b =ta-26'C “_LT“ 450F 1, . 28°C -
> 40 > 20 ! ? 400} —4— 4 A —
g Iu-mn ] : he wlll\ I e vgr Qv /
H — — —— o ot I S tatensr A O B ST e At
I AvEmn ] N N 0 748 - I et L 4/ SYL000 i
i . ™) N S (N W B 0 / .
i N i 4/ Iy = 00 uA E [
¥ 10 g 10 200
3 [ i [
g (1 i cotll W —tm b p—{ © 150
:5 os} - ; 08— proefimgemad —ad fomeg e 100 -~ R S —
3 — - g - -t e 50 —
gomo:on:ooamwoeooroosno?oo'loomoaoocmmomomouoo % = 50 15 100 125 180 115 700
IC -Collecrar Current -mA fCtiot) Total Caltector Current mA i Input Current~—pA
FIGURE 11 FIGURE 12 FIGURE 13
THERMAL INFORMATION
D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
vs vs
DUTY CYCLE DUTY CYCLE
800 600
g I
600 6500
& N\ . NN [N VN
5 8 \ N )
3 400 NN 4., 5 400 e
g \ X N 3} \ \ \ \
; \ N N e ;i NN \l\
£ 300 P 3 § 300 — S Y =
© \ V\ ¥ ~j\-\ N = J§§\ N
§ N = 6 NN NV N [~ N = 7 N\\}.\’ ™~
E 200 =T RIS - 200 — N ST~
H N 7 NS T — " $\‘\
J, 100 T4 - 85°C y Q\: | 100|Ta = 85°C —
- N = Number of Outputs T L N = Number of Outputs
0 Conducting Simultansously 0 Conducting Simultaneously
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duty Cycle—% Duty Cycle--%
FIGURE 14 FIGURE 15

{i’
TEXAS
INSTRUMENTS
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

APPLICATION INFORMATION

Vss ULN2002A Y Vce gt::gg:: w
%L =
AT T e

®
L:[‘F"D"-L'N—: —% [ [3“"5“{;‘_“ g L ki
[7) B o e R [} Do-p-—t—{z —@-1
1 7 T 5 R )
IERSIIR ERCRSE RS
—] EL <l X u,N_ —{z}-- [: i-_-. b - ’_‘ J; @._
s I_f;i. anm Lj’J 1 l_{% Ll
e - _,___..__——_:“.—._—.JJ- AMP
et A g
P MOS TO LOAD N TTL 10 LOAD
Voo ULNZ2004A w Vee ULN2003A v
==L

A

-

—4
3
l :w Lj
-4 f—
=
MOS =
OETPUT A outruT

BUFFER FOR
HIGHER CURRENT LOADS

LU
i
=t
i

USE OF PULL-UP RESISTORS

TO INCREASE DAIVE CURRENT

j
TEXAS ‘b
INSTRUMENTS
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DAC0808, DAC0807, DAC0806

National

2% Semiconductor

AtoD,Dto A

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

General Description

The DACOBOR series is an 8 bit manolithic digital-to
analog converter (DAC) featining a full scale output
curtent settling time of 150 ns while dissipating only
33 mW with 'S5V supplies. Noaeference content {Iggr)
trimming is requited Tor most applications sinee the full
scale autput cutient is typically 1 LSB of 255 IRgf/
256. Relative accuracies of better than 10,19% assure
8 hit manotonicity and lineatity while zero level output
cutrent of less than 4 uA miovides 8 bit sero accuracy
for IpEfF > 2 mA. The power supply curtents of the
DACOBO8 series arn indepeadent of bit codes, and
exhibits essentially constant deviee characteristics over
the entite supply voltaar range,

The DACOB08 will interface ditecily with popula TTL,
DL or CMOS logie: levels, and is a Cirect replacement
for the MC1508,MC1408. For higher spaed applications,
see DACORO0 data sheet.

Features

® Relative  accutany:  '0.19%  errar maximum
{DAC0808)

® Full seale cutrent matech® * 1 LS8 typ

® 7 and G hit accuraey available (DACOR07. DACOROE)

® Fast cottling time, 150 ns typ

® Noninverting digital inputs are TTL and CMOS

compatible

High speed multiplying inpat slew ate, 8 mA /s
w Power cupiily voltage tange: *4 5V tn 18V
Low power consumptinn: 33 mW & 5V

Block and Connection Diagrams

weE (R4
At A7 A Ad A ab a7 At

RO VR AP

nanGr -
rnvine CURRENT SIS n

[TITTITTT T

il [

LELRELIIL

Yngrn O—g-§ ——— =
i F PN CURALNY O ver
snnnet PAIR
Vorry 1O—1—
ALrEaENer b0 rovriy
CURRENT AP
ver
. N
Typical Application vre:
12
wn a0 i
oY
3] :
ngiTAL MO narewm
L L5 4 43 O—1
ot
woM
150 2102
)
Vg v

Dual-In-Line Package

d AAN L
CTETITR g b e yeaniny
: 'y
fn SN
3 "
Ve ~—f =011
! 4 i K{
" nacoson =
e 1
vea at —s4 —L ALNER?]
s "
ar— L —
Ay e :—'—Al
1
as p— 8%
T0r view

1000
p—O——AAA— =D 10808V - Viap g

Yo
outrn

A2

FIGURE 1. +10V Output Digital to Anslog Converter

Ordering Information

v, -IOV(‘“* +
A b B

256

ACCURACY | OPERATING TEMPERATURE ORDER NUMBERS® 4
RANGE D PACKAGE (D16C) 3 PACKAGE (J16A1 N PACKAGE INTGA]
8 bit 55 Cla2 1125°C DACOROSLD | MC1508LR
8 bit 0CIaL75C DAC0BOBLC) |MC1408L8 | DAcososLcN | mcisosrs
Tt DC<IpatI5¢C DACOB07LCS | MC1408L7 | DACOSOILCN | MC1408P7
6t 0CIIASHISC DACOSOGLCS | MC140BLE | DACUBOGLCN | MC1408F6

* Note. Devices may be ordered by using either ordar number.
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Absolute Maximum Ratings >
Power Supply Voltage Power Dissipation (Package Limitation) 1000 W 0
vee +18Vpe Derate above T4 = 25°C 67 mwW/'C 8
VEg -18 VDC Operating Temperature Range
Digital Input Voliage, V5~V 12 10 Vg to +18 Vpe DAC0808L 55CTagi2s5c | @
Applied Output Voltage, Vo 11 Vpe te +18 Vpe DACOROBLC Serres 0 Tagse | OO
Reference Current, |14 5 mA Storage Temperature Range 65'Cto+150 C
Aeference Amptitier Inputs, V14, V15 Vee. Vee U
. e as o
Electrical Characteristics ®
Vcc = 5V, VEE = 15 VpC. VREF/R14 = 2 mA, DAC0808: TA = -55"C to +125"C, DACO0808C, DAC0807C, o
DACOB06C, Ta = 0°C to +75°C, and all digital inputs at high logic level uniess atherwise noted ) ~
PARAMETER CONDITIONS MIN TYp MAX umrs | O
E Relative Accuracy (Ersor Relative (Figure 4} % >
to Full Scale 1) O
DACO808L (LM1508 8), 10.19 » | Q
DAC0H08LC (1 M1408 8} 8
DACOBDIC {1 M1408 71 (Nute 1) 03y % m
DACNANGTL C {1 M140A 6), (Nute §} 1078 %
Setthing Tame to Wathin 1,2 LS8 Ta® 25°C (Note 2), 150 "
{Includes 1pyg g4} {Figure 51
PLH,  Propageation Delay Time TA * 25°C, (Figure 5} a0 100 ay
PHY
IClg Quipnt Full St ale Current Dbt 20 ppm’ C
MSB Oigital Inpaut Loge. Levely {Figure 3/
iy High Level Logic "1 2 voc
viL Lew Lavel Loge 70 o8 vVoc
MSB Digital Input Curremt {Figure 3)
Hugte Leeel Viy bV 0 0040 mA
Low Level Vi 08v 0003 08 mnA
T3 Refercace lagnrt Bras Current {Frgure 31 1 3 pA
Guatput Current Range {Figure 3}
VEg -5V 0 20 21 mA
VEE= 15V, Ta = 25°C 1] 20 42 mA
o Outnut Current Vaes *+ 2000V,
R14 = 100052,
(Figure 3} 19 199 21 mA
Qutput Curreat All Bty Low {Figue ) [i] 4 HA
Quiput Voltage Camphance €, . 019%, Ta » 25°C
Pui 1 Geownvded, 055, +04 vou
VEE Beluw 10V 50 04 voe
SRIges Relerence Curtent Slew Rate {Figuce 6) 4 B Ay
Output Cutient Power Supply SV - Vgg & 165V DXLy 27 LAY
Senuttuty
Pawer Supply Current LAl Bits (Figuee 3
Low)
e 23 22 mA
Ige 43 13 mA
Power Supply Voltage Range 1A - 257C, (Figure 3)
vee 45 50 55 vne
VEE -45 15 166 voe
Power Dissipation
All Bits Low Vce * 5V, VEE » -6V a3 170 W
VGe - BV, Vgg ~ ~15V 106 305 mw
All Bits High Vee ¢ 18V, Veg = SV 90 mw
vee - 15V, VEg = -16V 160 mw
Note 1: All current switches are tested to guarantes at least 50% of rated current.
Note 2: Al bits switched.
Note 3: Range control is not required.

8127
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DAC0808, DAC0807, DAC0806

Typical Performance Characteristics
Vee = 5V, VEE = ~15V, TA = 257C, unless otherwise noted

f - LOGIC INPUT CUARENT 1A}

POWER SUPPLY CURRENT {mA}

2100 6 % 20246 RI0I71461R

LL]
1o
60
50
40
3n
20
te

°

Logic Input Current vs
Input Voltage

18

~

s
1 TIIANUGH A

04

10 ~ OUTPUT CURRENT imA)

L}

Vi

LOGIC IMPUT VOL TAGE (VI

Output Cursent vs Qutput
Voltage (Output Voltaga

Compliancel)
1]
all ms on ] ]
g -
._f . Veg~ 1SV {vgg - 8V
4 | g 2mA
3
€ 1% | |
2
3 i
é 1 : g tmA
2 m [ | I [
'
£ on fg -1 mA
2 UL 1 NI

Mo 7 72 & W0 Mo

Vo DUIRIE VOLIAGE (V)

Bit Transfor Charactaristics

Logic Threshold Voltaga vs
Tempsrature

|
|

i

1

i

.

}
-

- __'.Z'Zﬁ

i f

12718 R 6 120 246 8012141680
TOGIT INMTT VAL TARSE V)

Vi

i O
>
T £
g 2mA w
a1 20
T o 1t [
>
. l CERE] l
! =3
o X 1
ALY :u
v A, 3
V- oy z ’
;'Il: RS o U8
vy IENES 2 e l
A\ f“‘ ‘: -
/ Y]
MH.\ s z l

Ta

Output Voltage Compliance
vs Tempeorature

8 37 19 1 a7 )8 83 oo

TEMFERATURE I C)

)
15 R0 U 90 AU A A TN
s | fededeetedodode
= A .
3 | SHADED AREA INDICATES
S PERMISSIRLE OUTPUT
S VOLTAGE RANGF 10R
S 8 Veg  1SV.hg 2maA
2 )
— i
S oo ddadofad o dod
.
o] el g
2
[T T T T T}

TEMPENATIRE { €}

Typical Power Supply
Cutrent vs Temparature

Typical Power Supply
Current vs Vg

Typical Power Supply
Current vs Vo

ALL SITS HIGH OR L OW $ ALL BITS HIGH 08 Lo l | Y [atLwes mion on Law
I,.vlm!.-' 4. i Ipg Wty - A .z. 1} ha 2mA l S
T 2 T
£ g feg WM tyg = e | H s 8 )
- < 1 i S LI O I I
A I g 5 | |“mtu|;.-:)nn 1. § §
fec |1 g ? o € 1 o .
LU & <
[} ]
50 0 0 100 158 ® 7 4 8 9 10 12 1018 19 20 [ IR BT I IR TIR AT )

TEMPERATIIAL { C)

Ratference Input
Frequency Response

Vig - NEGATIVE POWER SUPPLY (V)

@~ an

a ™ Curve
- \~~ e
H N
£ 4| - -\
; 'S \\_ Curve
E -} - N
I \
" [}]
1 Curve
.18
(2] [ 2] 1 3 1]

1 FREQUINCY (Mit7}

Unless otherwise specified: R14 -
R15~ 1 k§2,C ~ 15 pF,pin 16 to Vgg:
R - 50SY, pin 4 10 ground.

A: Large Signal Bandwidth
Method of Figure 7, VRer * 2 Voo
offset 1 V above ground

B8: Small Signat  Bandwidth
Method of Figure 7, Ry = 25041,
Vaer * 50 mVnp offset 200 mV
above ground.

C: Large ond Small Signal
Bandwidth Method of Figure 9 (no
op amp, R = 5081), Rg - 50it,
VREF * 2V, Vg = 100 mVp.p cen-
tered 9t OV,

Vee - POSITIVE POWER SUPPLY (V)
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DAC0808, DAC0807, DAC0806
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DAC0808, DAC0807, DAC0806

Test Circuits

Vi and 1) apply toinputs AT, AB.

i) "
at 0—" " ngs The resistor tied to pin 15 is to temperature campensate the
uo-: . AL hias cureent and may not ba necessary for alt applications,
IJOT
mairat } 40— pacnms : _K(Al . A2 . A4 . A5 , A6 . A? . AB)
megre senns k —— b e cm b = — e b e
“oq 0 77778 W6 37 64 138 186
AIO'—'
\"
HOT where K - ZREFR
Ar O (23]
hW- -
! and Apg - “ 1 if Ay is 0t high tovel
w 1", Apg = 0 i Apy is at low level
= Vie
FIGURE 3. Notation Definitions Test Circuit
weR
L)
—————— O
X
PO nariimn
——— ] e
A bina
- O—
Ay m::";‘"- =y 0 10 10V ONIPLT
e
asjrnnavan
LU
Ak
ATQANI A by
i CLUTYIYY 3o
[
A'A'Av
0O
tanpe
2 e o
O
’
=, o
1
]
L 00— O—.- oacer |0
LGELAL] 7o) i ALY
"
3 o
e
[Tt}
[AYLLE AN ¥
" [4
- i
FIGURE 4, Ralative Accuracy Test Cireuit
Vet
v oy e o
o y X 1ev
sov —/ N —
2vpe touy Ctotm O
A 9
L'—'O—‘\x/\f—- 9OV oy RLANPLIVEC UL Ay 10 GNO FON TyRY 875"
l o SETTLING TIME WEASUREWENT ISIC TSN
1 » ’I N FIGURE 5
NTO—NW— :: n L o iFH
oscoon [~O————¢ ¢ = PRI . Y +
stuies = 0R $ETTLING TIME ’
¢ MEASUREMERT (1L BITS e Wimive
o 0’0 switeuto Low 1o WG 0 is
b
o 1597
. T
3 it = TRAANSIENT ey
0 * RESPONSE i TG0
¥ INGOSH (LOW CAPACITANCE,
TAST REEOVERY DI0DE)
vie -

FIGURE B. Translent Respon

10 and Settling Time
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Test Circuits continuey

veeo vee
A4~ RIS
11
{ | 2 A10- = Vagr T
] " v - REF
F—O— §
[ VRer n—rL A2 O R4
p—CO— b ! 18 R1§
? 1% L] Al 0—;4 7
! 2 M $1  Dacesos
o [
‘: DAC08D0 . 1 :: Oﬁ' . = p LI
—O—— 1
»-O—l A 12 16
12 1% At 0 AL O~—1 AL
—O— '—O]_ 0 -
3 ' : c -
159 = = SLEWING
ik SEE TEXT FOR VALUES GF C
4 1w
FTEN TRT] e
A1
FIGURE 7. Paositive VREF
FIGURE 6. Reterence Current Slew Rate Measurament
Vs
Vee fg
Al
A6 RIS VREF
5 1 ‘ R 1 Pk,
At OT ! v 150 16
14 5 6
A2 O— — Al O —O NC
; 15 RIS = . R
”OT “Vag 1 P [ ] When Vg + 0, 114 < 20 mA
40 9| Dacosos |2 210
1
A5 0O —O l 24 O-— opacosss |13 VREF \"
10 9 F—O Vee v VREF 1S A)Rp
A5 O~ — oy SERIES
" 1 == [ N As O—w- R14 Rs
A1 O~ A6 O—
12 16 "
At O—1 A? o.l?
AL a8 O—4
3 4
= 2|1 e
SEE TEXT FOH VALUES OF C
Vee

FIGURE 8. Negative Ve

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPEN-:
SATION
i

The reference amplitier provides a voltage at pin 14 for
converting the reference voltage to a current, and a
turn-around circuit or current mrrror for feeding the
ladder. The reference amplifier input cutrent, 114, 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 supplies the full current

FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit

114. For bipolar reference signals, as in the multiplying
mode, R15 can be tied to a negative voltage corres-
ponding to the minimum input level. It is possible to
eliminate R15 with only a small sacrifice in accuracy
and temperature drift,

The compensation copacitor value must be increased
with increases in R14 to maintain proper phase margin;
for R14 values of 1, 2.6 and 5 k{2, minimum capacitor
values are 15, 37 and 75 pF. The capacitor may be tied
to either VEg or ground, but using VEEg increases
negative suppty rejection.

8-131
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DAC0808, DAC0807, DAC0806

Application Hints (continued)

A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shawn in Figure 8. A high input impedance is the main
advantage of this method. Compensation involves a
capacitor t6 VEE on pin 16, using the values of the
previous paragraph. The negative reference voltage must
be at least 4V above the VEE supply. Bipolar input
signals may be handled by connecting R14 to a positive
reference voltage equal to the peak positive input level
at pin 15,

When a DC reference voltage is used, capacitive hypass
to ground is recommended. The 5V fogic supply is not
recommended as a reference voltage. If a well regulated
5V supply which drives logic is to be used as the refer-
ence, R14 should he decoupled by connectirg it to
5V through another resistor and hypassing the junction
of the 2 resistors with 0.1 uF to giound. For reference
voltages gieater than 5V, a clamp cliode is recommended
hetween pin 14 and ground.

1 pin 14 is driven by a high impedance such as a
transistor cutrent source, nong of the abrve compensa-
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall handwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of 0.6 to
0.5V when VEE = -5V due to the current switching
methods employed in the DAC0OR08.

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 k§l between pin 4
and ground will yield a voltage output ol 256 levels
between 0 and --4.980V. Floating pin 1 does not affect
the converter speed or power dissipation. However, the
value of the load resistor determines the switching time
due to increased voltage swing. Values of R up to
500 do not significantly affect performance, but a
2.5 kSl load increases woist-case settling time to
1.2 ps (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 current maximum rating of 4.2 mA may be
used only for negative supply voltages more negative
than --7V, 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,
Refative accuracy is the measure of each output current
level as a fraction of the full-scale current. The relative
accuracy of the DACO0808 is essentially constant with
temperature due to the excellent temperature tracking

of the monolithic resistor ladder. The reference current
may diift with temperature, causing a change in the
absolute accurany of output current. However, the
DACO0808 has a very low fullscale current drift with
termperature,

The DACOBO08 series is guaranteed accurate to within
11/2 LSB at a full-scale output current of 1.992 mA.
This corresponds to a reference amplifier output current
drive to the ladder network of 2 mA, with the loss of
1 LSB {8 pA) which is the ladder remainder shunted to
ground. The input cutrent to pin 14 has a guaranteed
value of hetween 1.9 and 2.1 mA, allowing some mis-
match in the NPN current source pair. The accuracy test
circuit is shown in Figure 4. The 12.hit converter is
calibratad for a full scale output current of 1.992 mA,
This is an optional step since the DAC0808 accuracy is
essantially the same between 15 and 2.5 mA. Then the
DACO0BO08 circuits” full scale current is trimmed to the
same value with R14 so that a zero value appears at the
errar ainplifier output. The counter is activated and the
error band may be displayed on an ascilloscope, detected
by compatators, or stored in a peak detector.

Two B8bit D-to-A convarters may not bLe used to
construct a 16 bit accuracy D-to-A convertér, 16-bit
accuracy implies 3 total error of 1.2 of one part in
65,536, or 0.00076™, which is much more accurate
than the '0.019% specification provided by the
DACOR08.

MULTIPLYING ACCURACY

The DACOBO8 may be used in the multiplying mode
with B hit accuracy when the reference current is varied
over a 1ange of 256:1. If the reference current in the
multiplying mode ranges from 16 pA to 4 mA, the
additional error contributions are less than 1.6 gA. This
is well within B-bit accuracy when referred to full-scale.

A monotonic converter is one which supplies an increase
in curtent for each increment in the binary word.
Typically, the DACO0B08 is monatanic. for all values of
reference current above 0.5 mA. The recommended
range for operation with a DC reference current is 0.5 to
4mA,

SETTLING TIME

The worst-case switching condition occurs when all
bits are switched ON, which corresponds to alow-to high
transition for all bits. This time is typically 150 ns
for settling to within £1/2 LSB, for B-bit accuracy,
and 100 ns to 1/2 LSB for 7 and 6 bit accuracy. The
turn OFF is typically under 100 ns. These times apply
when Ry < 50012 and Cg < 25 pF.

Extia care must be taken in board layout since this is
usualty the dominant factor in satisfactoy test results
when measuring settling time. Short leads, 100 uF
supply bypassing for low frequencies, and minimum
scope lead length are all mandatory.
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MOTOROLA

= SEMICONDUCTOR s

TECHNICAL DATA

TRIAC PHASE ANGLE CONTROLLER

The TDAHIBBA generates contiolled TRIAC triggering pulses
and allows tachlrss spead stahitization of universal motors by an
integrated positive feedback Tundtion. Typical applications ae
power hand toals, vacnum eleaners, mixers, light dunmer and

other small appliance

*

i3

Supply Power Obtained Framy AC Line
Can Be Used with 220V 50 He or 110 V 60 #H2

Optisnum TRIAC Fising (20l andd 3rd Quadeants)

*
o Low Count Cost External Companents
.
)

Repetiive Trigger Pulses When TRIAC Curtent is Intereopied
by Motor Brush Bounere

Low Power Consun

N e

Programmable Snft Starl

iption 0 mA

I

TRIAL Carrent Sensing to Allow Inductive Lomds

Power Failure Dateetion and Ganeral Cirenit Rogsnt

TDA1185A

TRIAC PHASE ANGLE
CONTROLLER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

PLASTI PACKAGE
CASE 8460

FIGURE 1 — TYPICAL SYSTEM CONFIGURATION
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TDA1185A

MAXIMUM RATINGS (Voltages are referenced to Pin 14 [ground) unless
otherwise noted)

Rating Symbol Velue Unit
t Maxmum Voltage Range per Listed Pin VPin v
t Pins 35 11 inat connected) 20to + 20
Pinns 4813 Vcctlo 0
+ Pin2 3010 130
] Manimum Positive Voltage (No minimum value | Vpi;, 12 0
I allowed. see current ratings) VPin 1 0.5
Maxnmum Curtent pur Listed Pin P
Pin i + 20 mA
Pins 6 and 7 :20 mA
Pin g9 +05 mA
P 10 + 300 HA
Pin 12 500 nA
Maximum Power Disstpation fo 250 mw
o Ta 25C) 11LLL/ P
Maximum Junction to Ambient Ruja 100 cw
Ta Oto + 70 C
st =5
. voltages are refercnced to Pin 14 {ground), unless otherwise noted )
l Symbol Min Typ Max Unit
Power Supply
Zener Regulated Vollage, (Vp,n 1 lpgpny - 20 mA vee 96 86 76 v
Crecont Current Consumption, 1pj,

Vem 60Vip,2 0A e 20 10 -- mA
Munitoning Enable Supply Voltage (VEN) VPin 1EN Vee 2 02 = Vee + 05 v
Momtoring Disable Supply Voltage (Vpyg) Vein1ots | VEN ¢+ 012 - Ven + 03

Phase Set
Control Voltage Static Oltset Vpin g Vpin 12 \ Vot 1.2 -~ 20 v
Pin 12 laput Bias Current Pin 12 200 - 0 nA
Veind Vg 12 Residuat Offset - 180 -~ my
Suft Stant P 13 17 14 " pA
Capacitor Charging Current
LAenag  M00ML VR a3 fom | Vecte 30V b (4 X . " S
Sawtooth Generatot
Sawtouth Capauitar Discharge Curcent

Rig 100k} Vpipgafrom 20to 60V Pina 67 70 73 nA
Capacitor Chargrng Cusremt Pin 4 10 15 mA
Sawtouth “High™ Voltage (Vpq 4} VHIH 25 16 10 v
Sawtocoth Minimum “Law * Voltage (Vpi, 4} VLTH - 71 -— v

Ponitive Feedback
Pin 9 Inpuat Bias Curtent, Vping ¢ Ping ~ 2% lpyy 10 —
Programnvng Pin Voltage Related to Pin 1 VPin 10 10 125 15 v
Transfer Function Gain AVp,, g8 AVpin g

Rig 10U ML WVp,, g  S0mV A - 5 -

Rip 270 KL Wpg 50 mV A - 36 -

Pin B Quiput tnternal Impedance Zin 8 - 120 - kil
Tngyer Pubse Geneiator

Output Current (Sink) Vpnz OV tpin 2 60 -~ 80 mA

Output Leokaye Current  Vpjp 2+ 20V - — 40 nA

Quiput Puise Widih

Cqa 470F Ryg 270400 p - 55 - ns
Output Puise Repetition Penod

Cq 97n0F Ryg 270k12 t - 420 -— us
Current Synchromezation Threshold Levels Ipjny . 1Py 7 ISYNC 40 - + 40 sA

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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TDA1185A

PIN FUNCTION DESCRIPTION . . )
_._(.)-v.:scriptinn ]

A6V hy an

This pin is the nagative supply for the chip and is clamped at
10V TRIAC triguer pilse at twice the line frequency.

The value of the capacitor at this pin tetermines the slope ol the tamp

This g senses if the TIIAC i< an, ared of en will theable the gate tnagasr puise

The inteenal iming of U chap s <ot by the finqueancy of the veltaae a1 this pn

This pin s the output of the feedback and the variation m voltage s averaged

INTRODUCTION

The Matorola TDAT185A geaerates tngger pulses (Pin
2H o TRIAC control of power into an AC load. The TRIAC
trigger putse s determned by generating a ramp volt
aye P 4} synchronized to twice the AC hne Bieguency
and compared to an externgd set voltage [Pin 12) rep
tesenting the conductron angle. Gaote pulses are nega-
tive {sink current) and thus the TIVAC is driven into ats
most eHective quadiants (02 Q3).

W the load is d Universal motor (the speed of which
drcreases as torque incieases), the TDAVTI8YA allows
toncrease the conduction angle proportionally to the
molor cureent, sensed (Pin 9) hy a low value resistor in
series with the load,

FUNCTIONAL DESCRIPTION

DC POWER SUPPLY — DC power is directly denved
from the AC line through a 2.0 watt resistor, half wave
rectifier and filtering capacitor cireuit The Veg voltage
is internally regulated by an integrated zener. Reler-
enced to ground (Pin 14}, the power supply voltage is

8 6V Tha TDANIBSA internal consumption is 6 0 mA

TRIGGER PULSE GENERATOR —. It delivers a 60 mA
punimum sink current pulse (Fin 2 through an inter-
nally short cireqit protected output Pulse width is
roughly proportional ta Ryg x C4q and is repeated every
420 ps if TRIAC fails 10 latch o1 is switched ofl by brush
bounce. With inductive loads, the current lags in respect
to the voltage. Pin 6 delays the triggering pulse up to
the moment the TRIAC is off, in ordar 1o prevent erratic
pownr control (sce Figure 2).

Pin No.
;._ - SR -
internal zener
? Gatn Trigger Pulge This pin supplics
3 NC Not connncted
4 Ramp Genrtator
5 NtZ Not connected
[ Current Senae
Voltage Sense
8 Integeatton Cagacitor
ot by the capacitor,
9 frodhack togss
n Coprent Program
1" NC Not connected
12 Fhase Anglie Set
13 Seft St
14 vee Ground

The change in loged carrent it dbetected by the change in valtage areacs R

Fhe oo cneent for the Groud s deternuned by the erastor value at thie pun

Ther voltage at thes pin sets the nn do,et Bioing anghe

The hong angle s slowly incieased from 180 to the set value of Pam 12

FIGURE 2 — MULTIPULSE GENERATION DELAYED PULSE

i I

f t
' .
"'M/—\\ The TRIAC Lankeed 100 Watch
:. - the firet puatees Sunersseve
v P p:lu'i ara qeneegtod :‘m 1o
. -1 . - the moament Tatching
0 VPina | . oreurs

o <

St

1555 S

The TRIAC lirned off due lo

; brush bounce, & now pulse
'

- 1 immedhately deliverad

Meeae
]
t

Ortayed Pule
\,

Apgraachang tull condue
#on, & pulse would occur
when the TRIAC stilt ¢ar
s oo it thee paior oy
- dntayed untdd the trrae
turps off
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TDA1185A

RAMP GENERATOR — A constant current sink dis-
charges capacitor Cq4 producing a negative voltage
ramp synchronized with the main line. Pin 4 voltage is
reset to 16 volts at every AC line zero crossing (see
Figure 3) and ramps down to 7.1 volts. The constant
cusrent sink is externally programinable by Ryg using
the equation below.

) o

14 = l1g = 5%
{Vgg_+ 1.25]
' . - —————
10 o
MAIN COMPARATOR — Its role is 10 determine the lrig-
ger pulse which occurs when the ramp voltage equals
the phase angle set voltage at Pin 12. Fixed phase angle
sel voltage values lead to a constant TRIAC conduction
angle unless positive current feedback (Pin 9] is con-
nected or the Soft-Start capacitor (Pin 13} is not charged.

FIGURE 3 — TRIGGERING PULSE TIMING

Firng
o T e
I Angle
l ] L

|
Teiggenng
Putses

..T_._
[ ———smal

FIGURE 5 -— SOFT-START WITHOUT DEAD TIME

NANIBS

T Ve 13
]Hl]-lp.,, 5]

e Reset Tune

SOFT-START — The TDA1185A allows the user to avoid
any abrupt inrush of current into the load. This provides
protection for fragile loads, light bulbs or tubes. Another
advantage is that the AC line disturbance is minimized.

The conduction angle is established from 2ero to the
set value at Pin 12 according to a voltage ramp gen-
erated by a constant current delivered to C13. The value
of current 113 can be expressed by the {ollowing
equation:

lj3 = 0.2x 119 + 10%

The voltage ramp lasts as long as Vi3 is lower than
the set voltage Vq2. Upon reset, V3 is forced to VEg
as shown in Figure 4. If the load is a universal motor,
it will not turn until a miniturn conduction angle is
achieved 1o overcome friction. The time the voltage
ramp requires to reach its threshold value is considered
“dead" time, and can be eliminated by an appropriate
series resistor at Pin 13. The voltage drop developed by
113 thru the resistor causes the conduction angle to
immediately seach the threshold value and have the
Soft-Start unction without dead ume (see Figure 5).

FIGURE 4 — SOFT START

Set

vee | /mu‘

Conductiun Angle

Set -
0 / ~. - f AL

-~ Reset Tang

FIGURE 6 — TRANSFER FUNCTION

IVPin g
* Vohs
s{ WVpne VP9 RIO < 100K
4
3
R0 270k
H
1
o aVein 9
e g o
50 W00 mV
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TDA1185A

POSITIVE CURRENT FEEDBACK — The Universalmotor
speed drops as toad increases. To maintain the speed,
the TRIAC conduction angle must be increased. For this
purpose, Pin 3 senses the motor corrent as a voltage
developed in a fow value resistor, Rg, amplifies, rectifies
and adus it internally ta the set vollage at Pin 12, Any
voltage variation at the output of the feedback, Pin 8, is
smoothed out by capacitor Cg. The transfer function,
Avg Vg, is shown in Figure 6.

The gain in the inear region is dependent on Ryg.
The voltage transferred to Pin 8 is proportionat to the
current RMS value, as mator current is not {ar from a
sine wave, This averaging eftect is shown in Figuee 7.

With large amplitude signals at Pin 9, the change
voltagn at Pin 8 reaches a maximum value. This satu
ration effect limits the maximum conduction angle
increase. This eflect is sllustrated in figure 8 where the
total Pin 8 voltage can he wiitten as Tollows:

Vg Vyy + vy, Rygh @+ 1 2%
The effect of the feedback is lustrated in Fiquie 9,

MONITORING - A central logie block perfonms the
ENABLE DISARLE fupction of the 1C with 1espect 1o
power supply voltage. Undet DISABLE conditions, Pin
A, 8, 12 and 13 are forced to appropriote vollages to
prepare for tha next teset. Refer to the block diaagran
in Figuee 10

APPLICATION CONSIDERATIONS

COMPONENT SELECTION — 1o tegulate the spend of
a universal motor it is necessary 1o dolermine how
much gainin the feedback is veedoed. A change in motor
current {due to load increase) causes the conduction
angle to change by the approprate amount to keep the
speed cunstapt. Thes entails, through tisl and ertor,
chaosing an appropriate tesistor votue for Hyg. since
the gain of the feadback is determined by value of Ryg
as shown in Figure B

FIGURE 7 — AVERAGING EFFECT OF TRANSFER FUNCTION

FIGURE 8 -— TRANSFER FUNCTION (Pin 8'Pin 9)

Vein g YPntt

A C Wotrat

Bypy gt B) e Typ Ppig 00

VP 17

hra

£00 100 a4 Y

Once Ryg is picked, C4 can be calcutated from the

fallnwing equation
677
Cq - o B
ftine ¥ Ryg

whrre {jinp is the line lrequency

FIGURE 9 — POSITIVE FEEDBACK EFFECT
{Ofiset voltages have bren neglected)

v [ ) ASator Currret
(v M i 8 A
-
- VA V12 . fiay RIH
-
Al

"V 17 Premarent Set

vee Ving Ry riay Motor

v,
0

N

10ms

“Vpin g - IR10 Y
4

vee

fult Load
Conduction Angle

No Load
Conduction Angle
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TDA1185A

FIGURE 10 - INTERNAL BLOCK DIAGRAM
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Capacitor Cg is anntegration cap used 1o simooth oul
the voltage at Pin 8 The value should be large enough
to accumplish this task yet not too large to slow the
response of the systent.

Capacitor Cy3 deternunes how fast the conduction
angle reaches the set value programmed at Pin 12. To
achieve a desired delay, the value for Cq3 can be cal

Pin 8 has o low internal impedance and requires Rpa to
adjust the feedback fevel. Pin 8 must always be con
nected to VEg through a bitening capacitor For values
of Ry less than 100 k{2, the circuit becomes sensitive
and could become unstable. Figures 11 and 12 show
typical wavelormis, As shown, the increase in motor
current has resultted in the firing angle to decrease. This

culated by the following equation’ translates 1o an increase in the average power delivered

to the load
_Bxty

C - P LT
13 g6 Vizl x Ryg
The remaining component values have experimen-
tally been determined and are canstam, regardless of
application The following table lists typical values for
110 volt application

FIGURE 11 -— NO LOAD APPLIED

Component Value Units Motor Current g
Rg 1W020W kil No Load
Rpy 100 k() ?
Rp2 100 {1
Re 3005 W ksl
Ry 33005W ks}

Rg 00550W {)
Rig 100 k(1
C4 01 [lF
Cg 0.22 nF
Cia 10 nF

Using an oscilloscope, it should be verified that the
ramp generator is ramping down from 1610 7.1
vaits. The slope of the ramp can be changed by Cgq and
the DC level of the wavelarm can be adjusted hy Rj.

[
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TDA1185A

FIGURE 12 — LOAD APPLIED

TEMPERATURE EFFECTS — The TDATIBHA has a very
efficient internal temperature compensabion, I the
cutront feedback as not connected, the RMS power
delivered to the load s statnlized within * 0.2% over
2 temperature rangn ol 20 to ' 70 C. The fecdback
introduces, in the simme temperature tange, a drift of
250 mV on the voltage of Pin 8; this slight incinase in
conductinn angle may be successiully used to com
pensate a motor ohmic resistance ingrease with
tempatatine,

MAIN LINE VOLTAGE COMPENSATION — As the con
duction angle is independent of mam line voltage, any
change in the Iatter induces a power vanation to the
load. A resistor connedted to the rectihier anode and to
Pin 12 with a capacitor to VEg will mttouce a deciease
in voltage at Pin 12 as the line voltage is incroasing. The
values of the RC netwark can axperimentally be
dotarminnd,

FIRING ANGLE DYNAMICS — With puiely tnsistive
loads, the elfective RMS apphad voltage to the load is
directly proportinnal te the lring angle (Figure 13). With
induclive loads, since the current lags with respecd to
voltage, 100 power corresponds to a firing angle
which is less than 180 .

APPLICATION IDEAS

SOFT-START — The Solt-Start leature of the TDA1185A
in itself opens the door to a lot of intesesting applica-
tions. For example, the TDAT185A can be used to bring
up fragile loads slowly. Expensive and sensitive tubes
can be turned on slowly thus eliminating the inrush of
cutrent that could lead 1o burn out. In this application
Rpy is replaced with a resistor divider such that the
voltage at Pin 12 results in a conduction angle of 180 .
Pin 9 should be grounded, since the leedback portion
of the TDA1185A is not necessary (see Figure 14). The
time to achieve full conduction is found by the equation
below:

At B71xRygxCi3

AMS VOLTAGE

LIGHT DIMMER — With practically no modification the
TDA1185A can be used in a light dimmer application
All that is required is 1o ground the input to the feedback
Pin 9. By grounding Pin 9 we have disconnected the
feedback loop and the conduction angle is controlled
solely by Rpy. Further, since the feedback is discon
nected, Rg and Rpy are no longer necessary. The Soft.
Start feature can stilt be used to protect the bulb from
an inrush of current, This setup can be used in any
application that tequires manual control of the power
delivered to the lnad (sea Figure 15).

FIGURE 13 — RMS VOLTAGE versus FIRING ANGLE

08 -T *r‘*‘-
o . . X 4.4
N
06 .
04
02%-
0 o
0 30 60 90 120 150 180

FIRING ANGLE

SOFT SHUT-OFF — Once again with little modification,
the TDAT185A can be usnd to turnolf the load slowly.
An examiple of this is in automatic garage lighting. Typ-
ically, lights that are an a tuner go ol without a warning,
usually in the most inopportune time {like when you're
about 1o step over the dog). With a soft shut off, the
light dims out slowly, alerting you that it is about to go
oll. As in the pravious case, the fecdback is discon-
nected and Rpy is replaced with capacitor Cy2 and a
switch {see Figure 16). The turn-off time can be calcu-
lated by the following equation

M RypxCy
Ryz is the sum of the two resistors on both sides of
Cr2
FIGURE 14 — SOFT-START CIRCUIT

Rg Dy
1 : —O0\0—0 ¢
A CsT ac
1y - f ©
2 1 H <
ThAavTienA
" el -
8 ] WM ¢ A 92
1 L_ ™
l- x J s
Rg 0 2W g a0f
He 40Rr1)wW €11 10
Ry 4104112 W Lg 100 uf
Rig 200 Turm ol ume BRIt e Ryg v Cyy
Mja  4«Ryp !
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TDA1185A

PC BOARD — The printed circuit board in Figure 17 is
included for the designers convenience to evaluate
the TDA1185A. The size of the board is intentionally
small to show the compactness that can be achioved.
Figure 18 shows the component. layout for the PC
board. Rpy has one of the outer leads connected to

. FIGURE 15 — LIGHT DIMMER CIRCUIT

Rs 0y
j. >t —\O—s ¢
Cs AC
I
Apy 1] N 1A =
. TDAVIBSA N )
|9 14 4 ? 9
1 TRIAC
-] ]~ F T
Rp = 1004 Ay « 4206 13W Cp < 022,F

R 1042W Ry 2004

€1y « 47 uF
fg - 4700 12W Cq adnf

Cg « 100 uF 16V

VEE and the other to Ry3. The center lead of Rpy is
connected to Pin 12. )
WARNING SHOCK HAZARD: IT IS HIGHLY REC-
OMMENDED THAT AN ISOLATION TRANS-
FORMER BE USED. REMOVE THE CHASSIS
GROUND FOR ALL TEST EQUIPMENT.

FIGURE 16 — SOFT SHUT-OFF CIRCUIT
Rg ]
T -+ =AY o X1
Cs T AC
2 1 7 -[,

R e AT
TF AR S

fis = 10k 2W Cqa MnF

Rg =470k 12W Cy2  Oesigner s Choce
Ry = 4700 LI W Ciy 042 uf

Ry » Desgner's Chowe  Cg 100 uf
Rig = 2008 Tuinoff tvme Ry n Cy3

FIGURE 17 — TDA1185A EVALUATION BOARD
COMPONENT SIDE

+:.

2 50"

- AC + I
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FIGURE 18 — TDA1185A EVALUATION BOARD COPPER SIDE
2.88"

2.50"
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vA7912C

NEGATIVE-VOLTAGE REGULATORS

electrical characteristics at specified virtual junction temperature, Vj = ~19V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS T4t uA78120 UNIT
MIN  TYP MAX
25°C -11.5  -12 -125
Output voltage? lo=5mAto 1A, Vi=-145Vi0-27V | oo o i _mel Y
Psi5W
Input reguiation Vi=-145V10o-30V 25°C 5 80 mv
: Vi=-16Vio-22V 3 30
Ripple rejection Vj=~15V10-25V, f=120Hz 0°Ctlo 125°C 54 60 d8
Output regulation 'o=SmAto15A 25°C 15 200]  mv
10 = 250 mA 10 750 mA ] 75
bTempefatuve cosflicient of output voltage | Ig = 5 mA 0°Cfo 125°C -08 mvIrC
Output noise voltage f= 10 Hz to 100 kHz 25°C 300 uv
Driopout voltage o=1A 25°C 1.1 v
Bias current 25°C 2 3] mA
Vj=-145Vt0-30V A 5 004 05
Bias current change o= SmATOTA 0°Cto 125°C 0.06 05 mA
Peak oulput current 25°C 2.1 A

2-462

*

Texas
INSTRUMENTS
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uA7900 SERIES
NEGATIVE-VOLTAGE REGULATORS

D2215, JUNE 1976 -REVISED NOVEMBER 1991

3-Terminal Regulators NOMINAL
ouTPUT REGULATOR

Output Current Upto 1.5 A VOLTAGE
No External Components -5V UA7805C

~52V UA7952C
Internal Thermal Overioad Protection -6V UA7906C

-8V uA7908C

High-Power Dissipation Capability -12v uA7912C

-15V UA7915C
Internal Short-Circuit Current Limiting -18V uA7918C

~24V UA7924C
Output Transistor Safe-Area Compensation
Essentlally Equivalent to National LM320 KC PACKAGE
Serles (TOP VIEW)

description l’" “TTr=——=a QUTPUT
- . : \y O === INPUT
This series of fixed-negative-voltage monolithic == COMMON

integrated-circuit voltage regulators is designed to
complement Series uA7800 in a wide range of
applications. These applications include on-card
regulation for elimination of noise and distribution
problems associated with single-point regulation.
Each of these regulators can deliver up to 1.5 A of
output current. The internal current limiting and
thermal shutdown features of these regulators

The input ternunal is in electncal
contact with the mounting base

TO-220AB

o]
I

—'//’/,-- c
7,7

kh

make them essentially immune to overload. In
addition to use as fixed-voltage regulators, these
devices can be used with external components to
obtain adjustable output voltages and currents
and also as the power pass element in precision

regulators.
[
PRODUCTION DATA 18 currant a8 of dste.
«Products tontarm 10 lpctiﬁn;m!: per Ihe terma of Teaos M Capyright © 1991, Texas Instruments Incorporated
fnstruments standsrd watranty. Production processing does not g
Ascessanly Include testing of all parsmetecs 1EXAS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-457
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uA7900 SERIES
NEGATIVE-VOLTAGE REGULATORS

schematic
S5Vto8V 12Vio 18V
- e — g — —— ——]— W COMMON
& % [—j T : ska
i *
- ______..r/ \4!
b Y
- ] K

- ) e
I .y r‘ -4 I i e L-“’_‘f'-- — outPUT
;l r - r B ‘i}"— %-r- 62V
) L | &
I J - 1 ;? 20 k2
- L s ~ L ‘. - L s [\ y ; — T .
. ly ! LL o eedaedy @A
[ [ |
0.2 kQ?
MHMPUT -4 ¢ — 8-~ == 8- b~ en e m — - 88— 4 ———
NPyt
Al component values are nominal,
absolute maximum ratings over operating temperature range (unless otherwlse noted)
Input voltage, Vi UATI24AC oottt e et n et i -40V
AlehersTe . . ). AOIATAOTON . €7 M gt - -y A X ..., -35V
Continuous total dissipation at (or below) 25°C free-air temperature (seeNote 1) ...............oo0s 2w
Continuous totat dissipation at (or below) 90°C case temperature (seeNote 1) .................... 15W
Qperating free-air, case, or virtual junction temperaturerange ... 0to 150°C
Storage lemperalurerange ....... ot age® S AT S ~-6510 150°C
Lead temperature 3.2 mm (1/8 inch) from case for 10seconds ...t 260°C

NQTE 1: For operation above 25°C lree-air or 90°C case temperature, sefer to Figures 1 and 2. To avoid exceeding the design maximum virual

Junction temperalure, these ratings should not be exceedod. Due lo variations in individual device efeclrical characleristics and thermal
resistance, the built-in thermal overload protection may be activated at power levels slightly above or betow the rated dissipation.

*

Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285

—-82~—



Y

uA7900 SERIES
NEGATIVE-VOLTAGE REGULATORS

FREE-AIR TEMPERATURE
DISSIPATATION DERATING CURVE

CASE TEMPERATURE

DISSIPATION DERATING CURVE

2000 16
1800 3 14 \
3 - \
€ 1600 g \
] 2 12
c s
,g 1400 a \
3 :
‘w 1200 o 10
_!
‘3 1000 - 8
3 .
2 800
£ .
8§ 600 E
E 4 e e - o ———— —
g 490{" Derating factor = 16 mW/'C Derating factor = 0.25 W/"C
- ~62.5"C/W : — X
é 200 I Riga 2 above 90‘Cw
I | I Ryga - 4°C
o 0 1 ! 1
25 50 75 100 125 150 25 50 75 100 125 150
Ta - Free-Alr Temperature - °C Tp ~ Free-Alr Temperature ~ °C
Figure 1 Figure 2
recommended operating conditions
MIN  MAX | UNIT
uA7905C -7 -25
uA7952C -7.2 -25
UA7906C -8  -25
A7908C -10.5 -25
Input vollage, Vq s v
uA7912C ~-145 -30
uA7915C -175 -30
UA7918C ~-21 -33
uA7924C -27 ~28
Qutput current, I 15 A
Operating virtual junction temperature, T j 0 125 °C
INSTRUMENTS
POST OFF ICE. BOX 655303 ® DALLAS TEXAS 75265 2--459
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

02154, MAY 1976-REVISED AUGUST 1991

m -

* 3-Terminal Regulators NOMIMAL
ouTPUT REGULATOR
¢ Output CurrentUpto 1.6 A VOLTAGE
* Internal Thermal Overload Protection 5V UA7805C
. 5V uA7805Q
¢ High Power Dissipation Capabllity 6V uA7806C
8V uA7808C
* Internal Short-Circuit Current Limiting 8.5V uA7885C
v uA7810C
* Output Transistor Safe-Area Compensation 12v uA7812C
122V uA78120
®* Direct Replacements for Falrchild nA7800 15V uA7815C
Series 18V uA7818C
L2y . vA7B21IC .
description KC PACKAGE
This series of fixed-voltage monolithic integrated- (TOP VIEW)
circuit voltage regulators is designed for a wide

range of applicalions. These applications inctude
on-card regulation for elimination of noise and
distribution problems associated with single-point
regulalion. Eachof these ’egl]lam's candeliver up The cormmon termimal is i electrcal
1o 1.5 A of output current. The internal current contact with the mounting base
limiting and thermal shutdown features of these
regulators make them essentially immune to
overload. In addition lo use as fixed-vollage
regulators, these devices can be fused with
external components to oblain adjustable output
voltages and currents and also as the power-pass
element in precision regulators. The uA7800C
series is characterized for operation over the
virtual junction temperature range of 0°C to
125°C. The UuA7805Q and uA7812Q are
characterized for operation over the virtual
junction temperature range of 40°C {o 125°C.

Lo UmesT QUTPUT

10-220A8B

PRODUCTION DATA Information is currant es of pubfication date.
Products conform 1o specifications per 1he Toine of Teres % Copyright © 1991, Texas Instruments incorporated
instruments slanderd warranty. Production processing does not
necessacity include tasting of all perameters. TEXAS
POST OFf ICE BOX 655303 ® DALLAS, TEXAS 75265 2-427
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

schematic

INPUT
% |
v -6— OUTPUT
ha,
x ]
1
\1
('
._] : 4 ¢ —. COMMON

absolute maximum ratings over operating temperature ranges (unless otherwise noted)

Input voltage:  UATB24C ... .. .ttt ettt it it et ene e ittt i e 40V

ATGIREIS [\, .. § . Al et % el o L% TR T e - B e 35V
Continuous lotal dissipation at (or below) 25°C free-air temperature (see Note 1) .................. 2W
Continuous total dissipalion at (or below) 90°C case temperature (see Note 1) .................... 15W
Operating free-air, case, or virtual junction temperaturerange  .........coooviiiiiin.., -401to 150°C
Storage temperalure range ... ... vttt e i it -6510 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .........covviiiiiiiiiriinanes, 260°C

NOTE 1: For operation above 25°C free-air or 90°C case lemperalure, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual

junction temperalure, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal
resistance, the bullt-in thermal overload prolection may be activated at power levels slightly above or below the rated dissipation.

2-428
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

FREE-AIR TEMPERATURE
DISSIPATATION DERATING CURVE
2000 :
1800
E
? 1600
9 1400
1
L
w 1200
S 1000
800
3 600 \
400 [~ perating tactor = 16 mW/"C
3 RgJA = 62.5°C/W AN
3 200§
T
25 50 75 100 128

Ta - Free-Alr Temperature - °C

150

Maximum Continuous Dissipation - W

16

14

12

CASE TEMPERATURE
DISSIPATION DERATING CURVE

\

\

\\
Desating factor = 0.25 W/°C \
— above 80°C
RoJa ~4°C/W
1 | |
25 50 75 100 125 150

T¢ — Case Temperatura - °C

Figure 1 Flgure 2
recommended operating conditions
MIN MAX | UNIT
UA7B05C 7 25
uA7806C 8 25
uA7808C 10.5 25
UA7885C 10.5 25
Input voltage. V) uA7810C 125 28 v
uA7812C 145 30
uA7815C 175 30
uA7818C 21 kk}
uA7824C 27 38
Output current, 1o 1.5 A
UAT800C Series (¢} 125
Operaling virtual junction temperatute, T UA78050. UA7812Q ~20 125 C
/
TExas ‘V
INSTRUMENTS
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_86_



uA7800 SERIES

POSITIVE-VOLTAGE HEGULATORS

vA7805C and uA7805Q electrical characteristics at specified virtual junction lemperature,

V) = 10V, lg = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS TJ’ MIN  TYP MAX| UNIT
25°C 48 5 52 ]
Output voltage :5,‘-15; v\rl\vA o1 A Vin7V1020V, Full range$ 4 sa5| Vv
Vi=7Vio25V 3 100
Input regulation V-8V i3V 25°C ] o] ™
Ripple rejection Vi-8Vio 18V, f=120Hz Full range? 62 78 do
] I0-5mAlo 1.5 A 15 100
Quiput requlation Io = 250 mA 10 750 mA 25°C 5 50 mY
Output resistance f=1kHz Full range’ 0017 1)
Temperatuse confficient of output vBIIage lo = 5mA Full mngeg -11 mVi'C
Qutput noise voltage f= 10 Hz to 100 kHz 25°C 40 nV
Dropout voltage ilo=1A 25C 2 \
Bias current 25°C 42 8 mA
‘ Vi=7Vio25V 13
Bias current change D-SmAlTA Full tange$§ o5l ™
Short-circuit outpul current 25'C 750 mA
Peak oulput current 25°C 2.2 A

2 430

*

Texas
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uA7800 SERIES

POSITIVE-VOLTAGE REGULATORS

uA7812C electrical characteristics at specified virtual junction temperature, V; = 19 V, Ig = 500 mA

(unless otherwise noted)

PARAMETER TEST CONDITIONS TJf MIN  TYP MAX| UNIT
25°C 15 12 125
Oulput voliaget :9:12 r\:‘vA to 1A, Vi=145V027V, | o o | 1 128 v
Inpul reguition Vi=145V1030V s 10 200}
Vi=16Vio22V 3 120
Ripple rejection Vi=15Vio 25V, =120 Hz Full range¥ 55 7" dB
Oulput regulation Io=5mAlo 1.5A - 12 20|
j 10 = 250 mA lo 750 mA 4 120
Output resistance f=1kHz Full range3 0.018 Q
Temperature coefficient of output voltage |10 =5 mA Full range® -1 mV/’C
Qutput noise voltage f = 10 Hz to 100 kHz 25°C 75 nv
Dropout vollage lop=1A 25°C 2 A
Bias current 25°C 43 8] mA
Bias current change Ritii) % D4 Full range$ ! mA
lo=5mAto 1A e 0.5
Shart-circuit output current 25°C 350 mA
Peak output current 25°C 2.2 A

t Pulse-testing techniques are used to maintain the junction temperature as close to the ambient lemperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-yF capacitor across the

outpt,

1 This specilication applies only for dc power dissipatlon parmittod by absolute maximum ratings.
§ Fult range virtual junction temperature Is 0°C to 125"C for the uA7812C and -40°C to 1256°C for the uA78120.

2-432
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

APPLICATION INFORMATION

IN
TR o HATBXX - +Vo + ————| pAT8XX [~————¢— G
0.1 v our i
0.33 uF =< = 0 1 H )
r - ) COMl L

_VO

Figure 3. Fixed Output Regulator Figure 4. Positive Regulator in Negative

Configuration (V| Must Float)

Input —@-—1 nA78XX I"""‘r ~ Output

a1 thput ~—=— ¢ — PA7EXX
IQ‘I

£ +

s R1
7 oaF l VoTeg)
>7< 0.33uF 1< 0.1 pF B e X
‘[‘ I *’i R2

\

- Output

R
‘o
—9

lo = (Vo'R1) + lg Bias Current

Figure 5. Adjustable Output Regulator Figure 6. Current Regulator

1N4001
lig;x —-l II HA7815C I-I-w—-———-— — Vo=15V
0.334F S5 0.4 nF 1N4001
’—.—-—-— SpE— SRy —
IR 1 [
: 2F 14F 0.1 iF
T T T 1H4001
-20v_ 1 l I W/ AV &0 N U
apat I WAT815C T Vo=-15V
1N4001

Fligure 7. Regulated Dual Supply

EXAS “!’
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

APPLICATION INFORMATION

or
Equlivalent

svy—]| varexx |—@-—————@— .vg
. 1N4001

Flgure'e. Output Polarlty-Reversal Protection Clrcuit

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load thal is not connected to ground but Instead is connected to a voltage
source of opposite polarity {e.g., op amps, level-shifting circuits, elc.). Inthese cases, a clamp diode should be
connected to the regulator output as shown in Figure 8. This prolects the regulator from output potarity reversals
during startup and short-circuit operation.

___..K._.__._
Vi --—[ UATEXX -l L—-——— +Vo

& Y

Figure 9. Reverse-Blas Protection Clrcult

reverse-bias protection

Occasionally, there exists the possibility that the input voltage lo the regulalor can collapse faster than the output
voltage. This could occur, for example, if the Inpul supply Is crowbarred during an output overvoltage condition.
If the output voltage is greater than approximately 7 V, the emitter-base junction of the series pass element
(internal or external) could break down and be damaged. To prevent this, a diode shunt can be employed, as
shown In Figure 9.

¥
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