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ABSTRACT

THE MODULATED REMOTE CONTROL CIRCUIT MENTIONED
IS A CIRCUIT CONTROLLING THE SWITCH OPERATION.IT CONTROLS
BY PASSING THE SIGNALS ACCOMPANIED WITH THE RADIO WAVE
THROUGH THE WIRE.

THERETICALLY, THE MODULATED REMOTE CONTROL
LCONSISTS OF THE TRANSMITTER AND TAE RECEIVER . THE
TRANSMITTER BEING SIGNALS [S IN THE FROM OF FREQUENCY OR
PULSE.WHEN THE RECEIVER RECEIVES THE SIGNALS, THESE SIGNAL
WILL CONTROL THE SWITCH CIRCUIT TO BEING OPERATION.

THIS MODULATED REMOTE CONTROL CIRCUIT RECﬁlVES
THE SYGNALS FROM THE TRANSMITTER., THEN THE SIGNALS FROM
THE TRANSMITTER KEYBOARD WILL GO THROUGH THE ENCODE WHERE
THE DTMF SIGNALS WILL BE PRODUCED AND MODULATE . AFTER
THAT THE DTMF SIGNALS WILL BE SENT THROUGH THE WIRE TO
THE RECEIVER . - THE RECEIVER WILL FIRSTLY SEPARATES THE
RADIO SIGNALS FROM THE DTMF SIGNALS . SUBSEQUENTLY, IT
DECODES THE 4 BIT DIGITAL SIGNALS INTO 16 CHANNEL OUTPUT

FOR CONTROLLING THE SWITCH OPERATION .
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2.3.2 ﬂﬂﬁuaﬂﬂta%ut%QQQWNE (Frequency Modulation)
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Feztures

» Direstreclazenen: for Mosied MKSDS?

» Operating voliage range: 3.510 100 Volts -

® Uses TV crys:wa! standard (3.58 MHz). 10 derive
frequencies thus proviging véry high accuraty and
s1ability

8 On-chip regulation of cus! and single tone emplitudes

Genera! Description

The UMSS087 is & monolithic CMCS integrated Circuit

oerigned  for Dusl-TeneMulti-Frequency {OTNMF) 1c'e

CALNE Tuahing

Tre UMDSDS7 was czepnel meciice'y et e perile

Uivis5087

Tone Dialer

® AUxhiary swetching funtlicns oneh g

8 N Jie Zhaver onchip

M:nimum externa! patts count B
& Multiple key entry pin-sclectable 1o either single tcne

of Nd tone

mance: single contact static keyboard inputs: single xa.;re ’
inhibit {STI} option; wide supply voltage operation with
A=Z the UN25037 prowides good
. <

rezulaicd cuipll

vertlTmance 100 fow Totnt dor: eizttieny T

-2028

Pin Configurztion

Block Diagram

VDDE e[

! ouTt
XMTR [: 2 18 :] 31 i
—
a3 1% 3 Rl . !
c2 E P 13 J f2
Un9s087 _
es[]s 12 :] 3
VSSE 6 .n j Ra. s
csc:[j ? 10 gmurs
osco[ s g ]cs
3 et s 0 .
€ €1 Co \:‘
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Abscivte Meximum Ratings®

CSoonty Veltey: ‘VDU - \'55)

Ootrvtng Terpereture (Toa) o

Siivepr Temntreiure (TSTG I

-~ ot

R .
Peveer Dissopotion 21 25°C

* L"l Ny rin

EARCANE AR R4 R¢ 1Y

-3°Cw

2 €~
L C

e

et

ha ]

10180 C

Vgg —0 ICV,, S Vpy tv 3

50wy

Eiectrical Characteristics

{Soezitication apply ove’ the Operating leMDe:2iure a0

3By

v v

*lumments

Stresser putve those bsted under TAbsotute Noamam
Aating ™ ruav Chost 1'7-.-'manen1 CeTed® 10 e Cfon .26 Tri
3o stren et e o0ty pnd funtSaal eterat o e gre el

U OILER Lr Bny Dthyt CONYLIONS IDOVE INLLE »il.Caled N

he CREretiens! sezhont o this spetifildtion s 1ot imphied.

€ Vo 10 Ver < 10 OV uniess otherwise specifeed.}
D-l s) R

Pacametsr Symbol 1* Min. Typ. Max. Units Conditions
Operzting Voltage Voo 35 y 0.0 \4
) Q20 / 1 BA | Vpp " 35V | Al sutputs unlosded,
S:andby Current 7 4 ] 05 200 4A | Vop = 100V Osciliator not running,
f 2
'op D 2.9 @A | Vpp * 25V | oy ouspuse unicaded,
Orrating Curvent Oscillziof running,
T Is5 50 10.0 mA | Vgp = 100V 9
] \Y 317 400 524 mVrms .
Pow Ton 7Y . 3.5V < Vpp, 100V, R = 1K, €25°C
Ce¢..mn Tone Output Ve 396 500 €30 |mVems o
) £20 Q | Vpp=38V
Tone Ouviput Exterral | : Lo
Load Impedanice 3 P aan i Y I o Vor * 10.0V
! i i Vor
]
! i Uk -1 ; - ; : s \D: = ::'5\“\'0#1)' [ RN AW Uiy '
| TR S Ulaws ! =50 1-100d [ mh | Voo = 100V, Vg = BOV. N hey ety |
Comnem TR : L :
5 Y olaly N k.4 Wwe i opA | Voo ® 300V Vg 5 = DOV Vet key ey
1 ‘l - % i - -
| i 20 | A Vpg @ 3.5V
| ‘oww 05 | 20 ‘ S “DD Ve on = GEV. N ke, enev
o | o Ly mA | Vpg = 10.0v
Lot Outpot Current 'ﬁ:o ” | —0g 1-20 i mA | Vop = 3.5V, Vo = 30V, Wiin key enncy
nM
* Y ] mA | Vpp = 10.0V, Vo = § SV, With key eniry
ey ©
ST Input Resistance | Ry 20 120 «Q | @25°C
Tone Output Rise L ‘ 5.0 50 ms
Time ¢
Coiumn 10 Row yo |20 30 | o8
Pire-Emphasis
Tone Output THD -20 a8
Duicrtion
Input High Voitege Vin 0.7 Vpo I Voo v
Input Low Voliage ' | Vs c2vg v

AS
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Comporaon: of Spetifie v Actusl Tone Freguencies Genesete by UnE50E7

Active Inpu®

O.tput Frequency (H2)

Specificd

Actual

% Eiror®

F1
F2
R2
Fs
(]

€17
770
82
221

1.229

‘12158

(G2 R]
765.2
B27.4

S0

~0.57

0.3
-0.49
~0.54
-0.74

A 4 1,336 1.331.7 A ~0.32

c3 1477 147119 3 -0.35

ca 1,633 16450 «0.73
o+ % Error coes not include oscillator drift.
Row 2 tone output Column & tone output

: IBESRERARRBEERERENEARERESSEANRENENEEA

T EESSLNAREENRESANER TERNNENRRA [NREN] Hn 114 T sy igleed
lLt,:v- NEEETR AN R T [REEEENEEN 1 0 T T . BERETE IS
—t Y EENEAEY ENE 1, PO P 1 122 STANES 1 ANEN SRESRERRER.
G h_ i P s NG A [ : RENE RN :
Py Rl IE & Lo 7] 'jtu"l'. i igrigthaaly, -
L A [RENRNS SN P EENEEE EETERS B )
IS 1 ) S RN . [ IR N -
. NN TR EEES RN . [FEENE [NERRDEE RIS
= S i KA LAY NEERENEE] BN '
V— %‘ v {_ T .{_ SRS F;‘ " H q T T
:,"—-,' IR RN SRR t; . - g7 ISR O
":- 1 ".11 UL S ] BN ] ! Or_'_L"‘:‘IJJ’ 1 v
- " i “‘x’_l REREEER RN l"':l_ J.:bl.'HJ 1 1'1 T
" L RO REERER R ERE !“LL ] HEEERERRENE
| S SIS S RS S K R I | PR N SRR
PSS TSN ENEESNANRESIERA R AR AR RRNT ]W—ILU.R IERBRRER DR A

Crysta! Spécification

Fig 1: Single Tone Output Waveform

A s1ameers teiev.sion £Cior burst erysial is specitied 1o have
myth 1 a-ter oieence 1han netesszry 107 tone oenerzticn

are N At

ML AR sy

]

sLasing the towersnte speoticene

s s
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Frequency:

-1

3 58 MH» 20 02%

TINE = 19 ps'div.

Rg € 103, Ly = $6mH, Cy = 025pF, Cyy = S3F,

C

= 18pf
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UMS5087

X2 TR Switch (XMTR) @

Ths pn is connezied 10 he eemtter of en viechap bipolar
trensisisr whose coilelior 1 cinnecied 10 Vpy. With no
keyboard :nput this trans:s:or is tu'ned on snd pulls this
"pir up tc within Vg, of the Vo supply. When 8 key-
board entry s sensed, this ouiput goes open circuit (high
impesance). The XMTR snlich ouiput switches repardiess

of the state of the ST1 pon input.

hhute Output (MUTE)

Tre UTE output 15 & conventional CMOS gate that putls
10 Vgg with nd keyboerd input #nz pulls 10 Vg supply
when 3 heybozr0 €ntry it sensel, Tris cutput i used 10
CONO! Bonihdry SveitChing funilions the! are required 10
#.ludte udpon keyduard input. The MUTE output switches

regersies: ol thesizte cf t T1 o nzue,

Single Tone Inhibis (S71)

S TTEonpet .f Used 1L 0.5 1RE generaticn 1 other

UN25057 Tone Generzior Interface Circuit

2T Yun e, 1 hg g puliup 17, the Voo ! when

1r°1 tisating L 14} VDD- sing'e or cdud' 10NLs Mgy be
oeartated. Wi o :.um.-:s 12 e Vg, 27y moUt € thativn
tr3t would normally result i @ single 10Nt wili now
rezult 1n no 10ne, with 3l other chip functions operating

ormatly.

Tone Ovt {(TORE OUT)

Tt TONE OUT 15 conmected miernally n ine UNE5027
1L L emutier of an NPM (1ans:st0r 1§ the Ofthut Aue o

tionz! amglifier which mixes the row and colu™. rows
togetne>.  The row and column output wavelurine are
thow~ in Fig 22, Fig 2b. These vaveforms ave ¢iz'ially-
For the

THD. i - 2028 manimar

synthesized using on-chip D ic A teaverters,
U:205087 cus! tone vaavetorr,

Fowe* IVpg, Ves!

- e e -8 e
+ D

i gyl LT IREEL [T TR PN

Cesares 10 operate trom 3.5 10 10.9 vorss.

Mo
Lol §] I3
. =
; F Bl L2E200 = Vsg = her—
T NN TR EELe Hriejels
— | g i ol fogn . PP e gig
j L2 nxal D¢ 02 . BrEd el e
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1 2 3 ¢ 5 6 7 8 9 10

INPUT VOLTS [

Fig 2s: Typica! Jnput Opersting Conditions for Pins 3, 4,
§, and 9 with Voltage Reference Vgo & 25°C.

Ve ————-

COLUMNS

Ve e

e ROWS

V= ————

Fig 3: Elsctreniz Input .

F.n Description

keyboard {R1, R2, R3. R4, C1, €2, C3, C4)
Fryet AR Sl
Tre UMSS0E7 1estures inpuit COMpatible with the standard

588 keynoarC, he mexpansive singie-contatt (Form A)
aoyboerd, and clectronic input {2s thown in Fig'3).' The
1.puts are siaug, {as ghown an Fig. 4) ik there is ne noise
CoNeranon  as ofufs with scanned’ or dyndmic inputs.
When operaiing w.il a keyboard, norma! opesation is for
dusl 1o genarstion when ony single botton is pushed,

and singie 10ne OPEration when twd or Mote buttons in the

3e row O° column ate puthed ACTvalion of diagonas.

buitons will result in no tone being generaied.

When the irputs 1o the UMISTE7 are electroncally acti-
vaied, inpul 10 & singie rov 3nd column will result in that
dus! tone diga’e being genernied. Input ic 2 single column

wail result in 1hdl COlum™n jone being generaied. Input o

AR

1L 0 ~p =7 o 5 el = -

7 T 1T 7 717 71 1
TYFCAL ROW .
PLRFONAMANCE
* - =200 ¢
-
z
- -3 &
O
5
— -ty €
g —J 600

INPUT VOLTS

i

Fig 2b: Ty;;?u! Input Operating Conditions for Pins 11,
12, 13, & 18 with Voltage Reference Vo i € 2°C.
\ [ ¢ i

Ve .
ROW INPUT
A SEWSING CTIRCUIT ¢
Eow STATIC »~ )
INPUT PROTECTION i
vl :
COLUMN INPUT
ENSING O .
Fe s-n-;«c CiRtuiy
COLUMN STATIC T
INPUT PROTECTION L

-

Fiz &: Row ang Column inout:

multipie columne will result an 1o a0 bemn; oenetaied,
. -,
Actvatan nl g single row is nol sonsed by thelinftenal

circuet of the UNa35087, M 2 singie row oo @8 cesineg.

two colurming must be attivated along wih the dosied row

Osciltator (OSCI, OSCO)

The UMBSDET contains an on-chip inverter wilh suificent

loup-gain 1o provide oscillation when working with a low

cost television color-burst crystal, The circuit is designed

10 work with 8 crystal cut to 3.58 MHz o gve ihe
frequencie: in Tabie 1. The osciliator is Cisabled whenever

s key boord input is not sensed.

Any crysiol freguency devialion fiom 3579535 MH2
will be reflecied in the tone ouiput frequency.  Aost

Crystals do not vary more than 2 02%,
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LME65/LM565C phase locked loop

general description

The LIM565 270 LMSE5C are general purpose phase
lozked loops containing 8 stable, highty linear volt-
sge controlled oscillator for low distortion FM
demodulation, and a double batanced phase detec-
tor with good carrier suppression. T’M@ fre-
quency is set with an externa! resistor and caps-
citor, and & tuning range of 10:1 can be obtsined
with the same capacitor, The characteristics of the
closed ioop sysiem—bandwidth, response speed,
capture ond pull in range—may be adjusted over ®
wide range with an external resistor and capacitor.,
The foop may be broken between the VCO ond
the phase detector for insertion of a digitsl fre-
quency divider to obtain frequency multiplication.

The LMSESH is specified for operation over the
-55°C 1o +125°C military temperature range. The
LMSE5CH and LMSESCN are specified for opers-
tion over the 0°C to +70°C temperature range.

features
@ 200 ppm/°C frequency sability of the vCco

’ 'I‘Pon;av wpdly range of =5 10 212 volts with
100 ppm/% typical - »
8 0.2% linearity of demodutated output

s

P

8 Linesr trisngle weve with in phasa zerq crossings .

-=ee3 gypilable -

® TTL and DTL compatibie phase detector input

e 4'5nd square wave ouput .
B Adjustable hotd in range from 21% to > 260%.

applications - i
® Data and tape synchronizstion :
“w’ Modems | Tl T
FSK demodulation ’
"FM demodulstion i

Freq.)enf:y synthesizer - l\\_ =i N
Tone decoding ' AT
Frequency multiplication and division

SCA demodulstors .. B

L S ~~,-_‘.. -

)

Telematry receivers
Signsl regeneration
Coherent demodulators.

schematic and connection diagrams

=i = s

_ dL-.

e

i

- - - .\ :-
=] 2
, i ._.-1- —

» - :
Order Number LMSESH or LMSESCH
See Pockage 14
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. . . -3 i . i

absolute maximum retings ’
Sopply-Votiage - s, 212Y..

Powe Disupstior {Note 1} . 300 mW L Mot

. Ditfeentia’ Inp: Vo'iage . s N S A3 L "L ’- - .

Opeating Temperswre Ronge LWEE5H . -55'C1o+125°C ’ .
) LMEEECH, LWSESIN - . 0°Cw70°C 7 .

Storage Temperstury Range . 85°Cro+180°C v °
Leac Temperswre (Soldering 10eec) : - AR ':oo’c‘.‘,g Lt
~ - - - JPL
8 -
Wws . T — o DN R i
electrical characteristics (AC Test Cirbit T{= 25°C, v¢ 2
L. RS (R (A 9 VRN AP N
T .- . - s ises 0 umssse | :
PARAMETER - CONDITIONS o, - wNiTs i
min | Tve | wmax | min tyr | max A\
Power Supply Current so | 28 | . 80 | 125] mA - |
Input Impedance (Prs 2,3 -qv<v,,v,<ov‘”'.“"“.' 20 RETI (PA G PR
VCS{““""‘"" Operating Ce270F - lxo|so - |a2s0 | =m0 NGl [ '
Opfr:::mmmt : . ' ey .. A R -100 .30 {-m {. =200 | 500 f ppmlC |
"’;’;;‘&'::‘" ! : »f oo | ."0.1 oos | o2 v
Trisng'e v;hm Outout Voltage . 2 24 . 3 2 24 3 Voo ,
Triangle Wave Outpu: Linearity 0.2 0.7% 05 1 % '
Sousre Wave Dutput Level 47 5.4 47 54 Vol
Cutpat Impecance (f ~ &} ) 5 5 (%9 i
Saure Wove Doty Cycle  ® e | 50 55 e | s0 60 N l
Square Wove Rue Tume . 20 |0 20 ™ 4
Square Wave Fall Time ) %0 200 . 50 ns
Output Current Sink FPm 4) 0.6 1 = 0.8 1 mA ;
VCO Sensitivity 1, 10kHz 6200 {6600 | 6800 | 6000 [6600 | 7200 | MV '
De;?:';l; 1ec Output Voltage :wi. Frocuc;lcy Devistion | 250 | 300 350 200 300 400 mVy, |
Tow! Ha-monic Distortion E 290X Frvmtr.ry Deviation 02 075 .02 1.5 % ,[
O.staut Impedace (Pin7) oo 35 38 k0
DC Leve: (P 7) B azs| a5 | | e | as |0 v
Output Othe: Volage . N ,V: . N . _t- -
NMy-vgl ' ‘ o |0’ | 7 50 |200 mv |
Temperzture Dritt of Ny = Vg | 500 X 500 ) sviC
AM Rejection . . w0 | - {3 o [TV e
Prase Detector Sermivwity Ko | . . 06| 68| 0o |oss] 8] oss | viadin

i ... .

Notw 1: The meximum junction tempacators of the LMSES ks 150°C, while thet of the LMSESC |
o LMSESCN in 100°C. For opershor a1 slevated tempenstures, devicas 4n the TO-S packepe must
be Seratec based or 8 therma! rmsistance of 150°C'W junction to smbient o 45°C/W junction 10 casa. s

¢ Therma’ resstace of the dusiendine package it 1@‘CM. v L i

50
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typical performance characteristics '
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typical applications ~ .
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'ms LOOP FWTER .

In .lmost all .pplu:noons, it will be desunble to
f tter the signal st the output of the phase detector
(p-n 7) cns huer may ke one of two 1orrns Te

T

Log-Lesc Filter

Simple Lag ?aw

1 simple lag filter rnay be used for wide closed
loop bandwidth spplicetions such as modulation
following where the frequency devistion of the
carrier is fairly high (greater than 10%), or where
wideband modulating signals must be fonowed

The natural bandwidth of the closed loop response
may be found from:

|
e KoKp i
n = 2/ RiCy i
. : 4
: . 1
Associated with this is 8 damping factor: . j
.8 1 1 - 24
2 R;CiKoKp ~ El

For narrow band applications where a narrow noise 'ﬁ"‘
bandwidth is desired, such as applications involving 4
_ tracking # slowly varying carrier, 8 lead tag filter - ;g_
- should be 'used. In general, if /R Cy < KKg - 3

" the damping factor for _the _loop becomes quite *;

u!&'

" small resulting in large overshoot and possible

lns'.zb-hty in the transient response of the loop.
in this case, the natural froquency of the loop
may be found from .

) ¢ - 1 Ko'(o
n o 2n .1¢f:

TieTa = {Ry+ Ry} Co .-, w o

Ry is selected o produce 8 desired damping ‘factor =
5. uvsually between V.5.and 1.0. The damping .,

e

factor s found from the approxamnvon o
I

1 8 = m71af, A

applications information

In desipning with phase locked loops such as the
LM565, the important perameters of interest are:
FREE RUNNING FREQUENCY

’

1
® 37R .G

LOOP GAIN: relszes the amount of phese change
between the input signs! and the VCO signat for s
shift in input signal frequency {assuming the loop
rermms 4n lock), In servo theory, this is cailed
the * nlac'ty error coefficiomt™, -

' 1
Loop gaun = KoKp (;)
. Jians/
K, = -oscillator sensitivity (‘n ‘v‘:ll uc)

e volts )
o ® phase detector sens tivity (u Tan

The loop gain of the LMSE5 is dependent on
supply voltage, and may be found from: *

1361,

KoKp =

fe = VCO frequency in Hz
Ve = total supply voltage 1o circuit.

Loop gain may be reduced by connecting » resistor
between pins 6 and 7 this reduces the load imped-
ance on the output amplifier and hence-the loop
gain,

HOLD IN RANGE: the range of frequencies that
the loop will remain in lock after initially being

locked.

N 81,
- —-
Ve

fo = free running frequency of VCO
"V, = total supply voltage to the circuit.

L

"w
s St ST i
= i
= e SRS = !
L4 A SR N U N D H
! FTINT
o ;
- i <
10 Syt 4
! N 1
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¥ industrial/Automotive/ Functnonal Biocks

NI -,..._-..'-."'s..' VR "_- o TR
- . 'J'rltf'_:‘ RS PP RN Tt ey
LM566/LM5660 voltage controlled oscnllator Co e .
general descnpt'on N R T R
The LMSSGIL‘ASGGé :re ;:er_l! purpou volupe . & High tempersture suability
comro!lad oscillators which may be used to gener- ® Exceilent supply voltage rejoction
{7, ste squere and trisngular waves, the frequency of .- g cap
.. which i a very linsar function of § contro! volts ' % ‘o :.? to 1 frequency range with fixed 1 ftor.
*  age. The frequency & also a function of an external: v - 'eq.:ency progam e by mesns © wrnnt, .
m.ndnp.cnor .. ) . .“.A . vo tDQO mnorovaplcnor Lo .
. TMLMSSS umcxfwdforoperttionomthe I . s SRS
~ -55°C to +125°C military temperature range. The appli H ‘.
—1 LW56EC s specified for operation over the O c-- - ppiications e
to +70°C 1emperature range.-- - — S ® FM modulation . L
Coee ® Signs! generation ’
features —— 2% ® Function generation
- 8 Wide supply voltage range: 10 to 24 volts g _® Frequency shift keying
® Very linssr modulstion choracteristics 5 -+ 7 ® Tone generstion’ T

-

schematic and connection diagrams

" ‘typical application

3 kM1 ond 10 kHz TTL Compatible *
. Velmge Conrolied Oscitioser |,
- . .

g
R

apphcatnons mformat:on
. LMSGE rey be mﬂd from. either o unglt supgly” T
& shown in this st circuit, or from s split {¢] power,
supply. When ope-sting From 8 split supply, the square O
wev outont (pin 4) s TTL competible (2 mA current =+~
sk} with the addition of 8 4.7 kT2 resistor from pmJU Orde N L'.- -
ground. umber LMS566H or LMSE6CH
A 001 xF cezecitor it eonnecter bemcn pins Eand 6 St Pockege 11
to peven: Pr-ilic owcilistions that mey occur during * .
VEC switching. I . Dusl-An-Line Package - ;
L 2V ’ . . -] LJ ‘.
0" i = [
;‘c‘v‘ . ewas )
P ™. 1 |1 vame casasrree
2K < Ry < 20K . —— Gk ) e
nc Vg n voliage betwaen per £ ang pin |
JESSRIE P AP

54 J—



absofute maximum ratings

Power Supply Voltage
Power Dissipation {Note 1)

55

Operating Temperature Range  LN.566 -55°Ct
LM566C 0°
Lead Temperature {Soldering, 10 sec)
electrical characteristics vec=12v.Ta= 25°C, AC Test Circusit
R . S W T e . :
LM566 LMS66C
METER CONDITIONS
PARAMETE o TP WAk ] MmN Tvr wax | VT
Maximum Operating Frequency RO = 2k 1 ] MMz
“{coe270F s
input Voliage Range Pin§ 34 vee vee 3/4 \[.cc .. .vee L3 1
Average Temperature Coetliciemt * 100 200 - -4 ppmfC —
of Operating Frequency A :
: - X e ek -
Supaly Voltage Rejection 10-20v o1’ 3 LY LI Y
input Impedance Pin § i 0.5 1 05 1 MO
VCO Sensitivity For Pin 5, From 64 66 6.8 s.0 66 2 kH/V -
8-10V, fg = 10kHz - :
FM Distortion =210% Devistion 0.2 075 | . 02 15 %
Marmurm. Sweep Rate . 800 1 800 1 MH2
Sweep Range 10:1 10:1
Ouiput Impedance ]
Pin3 50 50 aQ
Pind 50 50 Q 4
Squz-e Wave Outout Level Rt = 10k s0 54 50 54 vep
Trisngle Wave Outut Level Ry = 10k 20 0 28, 20 .24 . Vpp rj
Square Wave Duty Cyclé - 45, — 0---55-| 40 50 7760 LR
_ 'Square Wave Rise Time — R 20 A N ~ 1‘
* Square Wave Fall Time ¢« . ¢ s 1] -t ns ’:_‘:':
Triangle Wave Linearity - i +1V Segment at, 02 0715 . 852 © % :)31
. evee : : s
S ol S TR MR L R T R NS LTt
- . . . < . o T - - N N - “-~l’.‘-",
Note 1: The maximum_jonction temperature of the LMSGE i 150°C, while that of :m
i 100°C. For operatirg st slevated junction’ temperatures, devices in the TO-5 paclage
- derated based on & therfnal resismnze of 150°C/W. The therma! resisance of the duat<h-din
5 100°CW, IR i SR g .
. - SN ERIE B Yo LS -
i



‘typicsl berformgnce characteristics

" SUPILY CURRENT ek}

. ’ - . .
" Opersting Frequency ='s’ Ope-sting Frequecy me "~ " ° : No-malized Frequency sss -, *
Function of Timing Resistor Function o! Timing Capacitor | Function of Controt V.'up"'
" y T “TTT71 T >
=r = 1,39 T 5T . Tae 7t
T az TIST ORCLUTT | N AL T ORCTT . 1atTem emzuny
B J E -
1 [~ \ . 7]
g 3 N . B y
L= X B b ] : I ; .
L& - — KN i
iz ‘ . . \\- s u :
B X § \ . Bar A . o,
L Ty v \ < - - N
. i 2 = < KA I . o
vgis t Nl - 3 . i+ N 2 s 44 <
. N\ HE. .t o i y, | .
N : : / \ B P o :
1% ' | o A e 41 -
. B ] Newe 3 N0 W w W w 8 3 e U B
" momuatete sateveaty | SREQUINEY (e : CONTADL YDLTARE Wy- i) ¢
. e e > J .
.
b
: = 3 ¢ * . AR .x
N V) ox p X .t Trisnglt Wrve Ovtpnt © = -
Power Supply Current | Temperature Siability VCO Wovetorma ~ - - - Choersctoristics . ‘-' "\..'“" .
: 2T — egeie” 7] ™ -
T e I 4 . AL TEST CIRCUTT | g' ] | ;
T P T 433 2 ’
| mazomuw 34 2 u . gtz 4 °F 5
IR, » =og ol /
5 - 2 B E Tae Nt 4 g
14 g . TYRCAL A s -
! 4 ,é E -' f/{ /"r 1&,?, L) AL TEST OIRZUIT .8 u 4
V4 }"”}‘1‘ aR E £ ) /&/ = s.; 18 E
: P 4RREEE! e . E==7 33
! LT g gEc o "
L e ] i uE : get o ACTEST CimcYT
Tae 8 1 B | i 2 ] 2 T, o285
A TEST CIACUIT ] <45 1 i - ] , T
BN 7y L1 1)
" ” n ORI R I IO I T 3R ) 1 s B B & - " “
SUPPLY VOLTACE (V) TEWeEsATURL FC) B e ;M 6 TC GROUND t)
Freguency Stuability vs Load
Resirance {Square Wave * Frequency Stability s Load Squsrt Weve Output
Ovput) tmpedance {Tnangle Output) Characteristics
e 8
o ! I T ag est e . 1o i 2 Mac vest emeon |
i Tas25C . T 1 s 1+ Taeme
- il o] E T = E Ll
w il s 2 1L gy s & -
£ LY H T =" £
- £2 -
£ Wl 5 : g
- i34 -3
& d t 7 §" ;
£ £ = 7 l
& « - o 25 - E /
- Y - T
£ ! N A€ YEST eracyrt g u .
N i al o y ) 1] Ta=25°C ¢ i
1T I 3! S
™ [ w ™) [y "= w» [ Y
R\ P 3TC GROWRD () T ORsmadToGRoMED) C . L ¢ K MMITEGROMAD M)
. - - . . “ - .
i T ] .
ac test circuit - s




SERIES ULN-2000A

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

THESE high-voltage, high-current Darlington ar-
rays are comprised of seven silicon NPN Darling-!
ton pairs on a common monolithic substrate. AllL
units feature open collector outputs and integral
dicdes for inductive Joad transient suppression. Peak’
inrush currents to 600 mA (Series ULN-2000A and
ULN-2020A) or 750 mA (Series ULN-2010A) are’
_permissable, making them ideal for driving tungsten,
filament lamp foads. -

The Series ULN-2001A devices are general purpose.
arrays which may be used with siandard bipolar digital’
logic using external current limiting, or with most’
PMOS or CMOS directly. Al are pinned with out-*
puts opposite inpunts o facilitate ease of circuit board
layout and are priced to compete directly with discrete
transistor aiternatives. y

The Series ULN-2002A was specifically designed for'
use with 14 to 25 V PMOS devices. Each input has a-
Zener diode and resistor in series to limit the input:
current 1o a saie value in that epplication.. The Zener,
diode also means excellent noise immunity for these:
devices. ' {

The Series ULN-2003A has a 2.7 k series base re-!
sistor tc ezch Darlington pair, and thus allows opera-
tion directly with TTL or CMOS operating at a sup-
ply volizge of 5V. These devices will handle nu-
merous interface needs ~ particularly those bevond the
czpabilities of standard logic buflers.

The Series ULN-2004A feztures a 10.5k @ series |
input resistor to permit their operation directly from |
CMOS or PMOS outputs utilizing supply voltages of |
610 15 V. The required input current is below that of|
the Series ULN-2003A while the required input volt-

2ge is less than that required by the Series ULN-2002A. !

The Series ULN-2005A is especially designed forl
use with standard and Schottky TTL where higher !
output currents are required and loading of the logic !
output is not a concern. These devices will sink a'
minimum of 350 mA when driven from a *totem

-

o el ek

pole” logic output. Tyvpical voltage and current
levels for both the Series ULN-2003A and ULN-
2005A are shown in the graphs. ™~ .

The Series ULN-2000A is the original high-voltage,
high-current Darlington array. The output transistors
are capable of sinking 500 mA and will sustain at
least 50 V in the OFF state. Outputs may be paral-

Device Type Number Designatign

Ve = 0V 0V g5V
laman = 300 mA 500 mA 506 mA
Type Number
General P
;?;c?s. cvps. | uun-2001a | uiwzona | uin-2001m
-
PMzgsv ULN-2002A | ULN-2012A { ULN-2022A
v
TTL.Scmos ULN-2003A | ULN-2013A | ULN-2023A
6-15V
CMOS, pM0S | ULN-2004A | ULN-2014A | ULN-2024A
High
'grgftwt ULN-2005A | ULN-2015A | ULN-2025A




leled for higher load current capability. The Series

ULN-2010A devices are similar except that they will

sink 600 mA. The Series ULN-2020A will sustain

95 V in the OFF siate. A table showing the specific

1ype numbers available for the various applications is N .

| given on page 4-2. ) )
_ » All Series ULN-2000A Darlington &rrays are fur-

nished in a 16-pin dual in-line plastic package.
These devices can also be supplied in 8 hermetic dual
in-line package for use in milizary and aerospace ap-
plications (with a slightly reduced power handling
capecity). ' !

ABS(;;UTE MAXIML}N! RATINGS at 25°C Free-Air Temperature
or any one Darlington pair (unless otherwise noted)

Output Voltage, Ve, (Series ULN-2000, 0108)......
bl § ookl o 7 GG Ry (N - R e § W v
| Inpt Votage, Yo ol s 2004A)::: ............................................................ s5v
o (SeriesULN-ZOOSA)..............::: ......................................................... oV
| Continuoos Colecto Eolet. Lo AR By b e L 15v
| ‘ Series UNOIORY. o) 0 e e s L 500 mA
Cantinuons Base Curren | Emp 0 30 IS 3 V1 AP BN o gmer— 0 e 600 mA
Powet Disipation, , (e boiiten SE .................................................... N | 25mA
| (eloniaey. . L1 GBSO, |~ AR A S 10w
Operating Ambisnt Tempdele Einas PO /N SREUIT T 7 SN I, 05 2.0 wi
Stormae St i ¢ el o ............................................... 0°C to +70°C
......................................... —55°C to < 150°C

*Derate 2t the rate of 16.57 mW/°C abave 25°C.

“UnSer nLrmy’ oneratn, g congilion, L ¥ ¢ .
- X . 1eSE Cevices will sestain 3 with V¢ sat)= 6V at 70°C witn 3 duist width of 20 ms ang 2 Cuty eycle
3 ‘- hong, S 1] < S0 mA per cuthut witl B . Ly
¢t M7, Other alicwadle comdnztions of 0stput cutrent, number of CLipuls Cbnﬂut'.!ﬂi ang duh CyCle 212 & '\t". 15252 &3
) N SR Ta gt 3

PARTIAL SCHEMATICS ,

—P—o COM
——o
LY
'
. ’ .
L R 7Y | “ ; ’ L W~ Y
Series ULN-2001A : ~ Series ULN-2002A ’ A ) - T e
(each driver) ! (eoch driver) ; Ser(ns :L:-?m;s A
- - . i ] - ) soch driver|
o COM - - e e
18 5K _ —Pt—oCOM |
O ANy ! ,
' H i
i x :

L RLLTTA NPy

. e atems

Seri. -
er‘nes I-JU.J_QOO-4A . 58 Series UIN-2005A



SERIES ULN-2000A

ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted)

Test | Applicable Limits
Characteristic Symbo! | Fig. | Devizes Test-Conditions Min. Typ. Max.{ Umts
Output Leakage Current | legn 1A Al Ver = 50V, T, = 25°C - - 01 uA
Veg = 30V, T, = 40°C - ~ 10| kA
1B | ULN-2XS0A [ Ve SOV, Tya = 70T Vpe = 8OV ] — = 30 | LA
ULN-200A { Vg = S0V, T, = i0°C. Ve = 1OV ] —  — 500 | A
Collector-Emitter Vewsan | ¢ le = 100mA, I = 250 4A - 09 Ll |v
Satusation Voltage All le = 200mA, Iy = 350 uA - Ll 13 }]v
o= I0mA [y = 500,A - 13 v
Input Current [ 3 ULN-200ZA | Ve = 17V - 0.8 125] mA
ULN-2033A | Vy = 3.85V — 093 135 mA
4 ULN-2004A | Vo = S0V — 035 05 | mA
Voo = 12V - 10 145 | mA
ULN-2025A | Ve = 3.0V 5 - 15 24 mA
bl o Al le = 50044, T, = 75°C 5 85y — | LA
Irput Voltage Viwion) 5 ULN-2002A | Vep = 20V, lc = 300 mA - - B v
Ver = 20V, Ic = 200 A T - - 24 |V
ULN-2X03A | Vg = 2.0V, Ic = 250 mA | Y K]
Ve = 2.0V, I¢ = 305 mA - = 30 |V
Ver = 2.0V, Ic = 125mA - = 50 v
ULN-2002A | Veg = 20V, Ic = 200 mA - = 60}V
Ver = 20V, Ic = 275 mA - - 0|V
Ver = 20V, e = 35 mA - - A0}V
ULN-220SA | Vg = 20V, Ic = 350 mA - - 0 v
D-C Forward Current hse 2 ULN-2000A | Vg = 20V, Ic = 350 mA 000 - -
Transfer Ratio
input Capacitance Cot - - All . - 15 25 pF
Turn-On Delay ton - All 0SE. t005E., — 025 10 { s
Turn-Off Delay tovt - All 05E.t005E,., — 025 10 |gus
Clamp Diode N 6 All Va= S0V, T, = 25°C - ~ 30 JuA
Leakage Current Vem 50V, T, = 70°C - = 100 {xA
Clamp Diode Ve 7 All Iy = 350 mA - 1 20 }v
Ferward Voltage
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SERIES ULN-2010A

ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted)

Test | Applicable Limits
Charazteristic Symbol | Fig. | Devices Test Conditions win. Typ. Wac. [ Umits
Dutput Leakege Current | lex 1A Al Vep = 0V, Ta = 25°C .
Ver = S0V, Ty = 70°C - ~- ] A
18 | ULN-2012A | Vg =30V, Ty = i0°C. Vo = 60V | = = 530 | »A
CIN-ZOIGA [ Ver = S0V, Ta = 70°C V= 1OV | = — 30 | &A
Collector-Emitter Versan 2 All Te = 100 mA, Iy = 225 uA - 09 1l |v
Saturation Voltage lc = 300mA, Iy = 400 uA - 13 15 1{v
le = S00mA, Iy = 000 A - L7 181V
input Current Jowom 3 ULN-2012A | Vou = 17V — 082 125) mA
ULN-2013A | Ve = 385V — 093 135 mA
ULN-2012A | Vo = 50V — 035 05 { mA
Voo = 12V - 0 34 mA
ULN-2015A | Vo = 30V - 15 4 mA
lecotn All lc = 300 ud, T = s0°C W0 = A
Input Voltage Vison ULN-2012A | Vg = 20V, Ic = 300 mA - = i ]V
ULN-2013A | Ve = 20V, I = 200mA - - v
Vep = 20V, l¢ = 300mA - = 250V
Ver = 20V, Ic = 500 mA - - 35|V
UUN-2012A | Vee = 20V, e = 200 mA - = & v
Vep = 2.0V, le = 300mA - - 8 |V
Vee = 20V, le = 503 mA - = 35 |V
ULN-2015A | Veg = 20V, Ic = 500 mA - - 4V
D-C Forwaro Current hee 2 ULN-2011A | Veg = 2.0V, Ic = 350 mA 00 - -
Transfer Ratio Vee = 20V, Ic = 500 mA MW - -
Input Capacitance Cw - Al - I B pF
Turn-On Deiay toun - All 05E.1005E,. — 025 10 s
Turn-0fi Delay o - All 05E.1005E,. - 025 10 | us
tamp Diode N 6 All Ve = 30V, T, = 25°C - - 0 | LA
Leakage Current Vo= 0V, T, = 70°C — — 1 |.A
Clamp Diode Ve 1 Al [l =350mA - W1 0}V
Forward Voltage l; = 50 mA - 21 5}V

o



SERIES ULN-2020A

ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted)

.« e -

A1

Test | Applicable Limits
Charactenstic Symbol | Fig. Devices Test Conditions Min. Typ. Mex.| Units
Output Leahage Current | e iA All Veg = 35V, T, = 25°C - - 50 | LA
Veg = 95V, T, = 70°C - - 100 ] uA
iB | ULN-2022A | Vg = 33V. To = i0C, Ve = 6OV | — — 500 | uA
ULN-2024A | Vg = 95V, T, = 70°C. Veu = 1OV —~ — 500 | uA
Cotlector-Emitter Vewsan | 2 All lg= 100mA, I, « 280 4A - 09 LI}V
Saturation Vollage lc = 200mA Iy = 350,A - L1 13}V
fc = 350 mA, I, = 500xA - 13 16|V
input Cursent lvaomt 3 ULN-2022A | Vi = 17V — 08 125] mA
ULN-2023A | V,, = 385V — Q93 135 | mA
ULN-2028A | Vi, = 5.0V - 035 05 | mA
Ve = 12V - 10 145 | mA
4 ULN-2025A | Vp = 30V - 15 24 mA
Toworrr | 8 All Tc = S0 4A, T, = 10°C W 8 — [&A
Input Voltage Vewos | 5 | ULN-20ZZA | Ver = 20V, Ic = 300 mA = - I3[V
ULN-2023A | Vep = 20V, [c = 200 mA - - 2 v
Vee = 20V, Ic = 250 mA — = 21 v
Veg = 20V, lc = 300 mA - = 30V
ULN-2022A | Vee = 20V, Ic = 125mA - - 3 |V
) Ver = 20V, Ic = 200 mA — = 0|V
Vee = 20V, I = 27SmA — — 30 |V
Veg = 20V, [c = 350 mA - = 80}V
ULN-Z023A | Ver = 20V, Ic = 350 1A - - 0 |V
D-C Forward Current hee 2 ULN-2021A | Ve = 2.0V, 1 = 350 mA 000 - »
Transfer Ratio
input Capazitance Coe - All - 15 2 pF
Turn-On Delay toum - All 05E.t005¢E,., - 025 10 faus
Turn-0% Delay [ - All 0.5€.t005E,., — 025 10 s
Clamp Diode lg 6 All Vo= 95V, T, = 25°C - — 80 {uA
Leakage Current ) Ve = 95V, T, = 70°C — - 100 |uA
Clamp Diode Ve 7 All ly = 350 mA - 11 20°|Vv.
Forward Votage a i -
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TYPICAL APPLICATIONS
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SERIES ULS-2000H HERMETICALLY-SEALED
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

FEATURES

e TTL, DTL, PMOS, or CMOS Compatidle inputs

® 500 mi<Qutput Sink Current Capability

® Transient Protected Outputs

o Hermelically-Sealed Package to MIL-M-38510

® High-Reliability Screening to WIL-STD-883, Class B

COMPRISED of seven siicon NPN Darlington
transistor pairs on 8 common monolithic sub-
strate, the Series ULS-2000H arrays are jdeally suited
for driving reizys, solenoids, lamps and other devices
with up 10 2.5 A oulpul current per package. Her-
metic sealing and an operating temperature range of
_48°C 10 +125°C recommend them for military and
acrospace applications as well as commercial and in-
dustrial control applications where severe environ-
ments may be encountered.

The Type ULS-2001 H is 2 general-purpose Darling-
1on Transistor Array without jnput current limiting.
It may be used with DTL, TTL, PMOS, CMOS. ewc.
Each of the remaining devices in this series has ap-

propriate current limiting for use with 2 specific driv-

ing source.

The Type ULS-2002H is intended for use with 14
“0 25 V PMOS devices. Each input has a series input
Zener diode end & resistor.

The Type ULS-2003H and ULS-2004H both have
series input resistors. The former has 2 low-value re-
sistor for use with TTL or CMOS operating with 8
supply voliage of 5 V. The lauter features a higher-

66

‘"value resistor which allows operetion Jerectiy wn.h
\ gMOi C{r PMOS outputs unilizing supply voltages of
. 61015V, ’

All Series ULS-2000H High-Vohage, High-Cur-
rent Darlington Transistor Arrays are furnished in
16-pin bermetic dual in-line package which conforms
10 the dimensional requirements of Military Specifica-
tion MIL-M-38510 and meets all of the processing
and environmental requirements of Military Stand-

ard MIL-STD-883, Mecthods' 5004 and 5005. These :

devices, as shown in Ergineering Bulletin No. 29304,
can also be supplied in 2 plastic 16-pin dual in-line
Packagc (Series ULN-2000A) for operation over a
limited temperature range or wbere 2 higher package
power dissipation is required.
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Series ULN-2000A Darlington .Trq'ns-iifor Af}-c:ys. |

— Desc ripﬂon and Application

Introduction

The incressed use of electronic circuits in systems
formerly buili with mechanical, electro-mechanical, or
hydraulic components has yesulted in sysiems becom-
ing more precise. more reliable, generally Jess expen-
sive, smaller, more efficient, and faster. Although the
drive capabilities of monolithic integrated Jogic circuits

_are adequate for most information processing applice-

tions, there now exists 2 large and rapidly growing
number of system applications where the current-
carrying and/or voltzpe-sustaining c2pability of the in-
tegrated circuit ogic i inadequate. Typically, these
deficiencies arise when the logic must control such
peripheral components as relays, solenoids, punches,
stepping motors, and variety of indicators (incandes-
cent, LED, or gas discharge lamps and displays).

A very common solution to this output interface in-
adequacy has been the addition of discrete power
transistors (or SCRs) and associated passive compo-
nents 10 the logic output in order to obtain the neces-
sarv current andfor voltage capability. Although this
provides 2 very satisfactory electrical solution, the
large number of discrete components ofien required,
high assembly l2bor costs. 2nd space (packaging) fim-
jiations often mean 2dditiona] problems and cost. A
simple, and less expensive solution is the use of mono-
Ythic integrated circuits.

The Series ULN-2000A is comprised of five differ-
ent high-volizge high-current interface circvits. They
are capable of controlling resistive. inductive, or tung-
slen filament loads of up to 125 watts and are compati-
ble with 21l standard digital logic families (DTL, TTL,
PMOS, and CMOS) without the need for additional
discrete components.

67

High-Veliage and High-Current Capobility

- A !argt number of inferface problems have
sx.mplxﬁed by the Series ULN-2000A high-vol?:;:
hfgh-currcm Darlington transistor arrays. These de:
vices are suitable for vohage, current. and gain levels
bevond the limits of other monolithic buffers and
2rTays.

The five devices in the ULN-2000A series are all
comprised of sever. silicon NPN Da}!ingxon peirs on
a2 common monolithic substrate. AR units feature
open collector ovtputs and integral suppressio.n diodes
for use with inductive loads.

All devices have an output sink current capability of
500 mA although peak inrush currents 10 600 mA'arc
permissible, making them ideal for use with tungsien
filament lamps. All of the outputs will sustain *OFF”
vo!uges of at Jeast 50 volis. Each individual Darling-
ton circuit may therefore switch up to 25 watts (S0 V
at 500 mA).

A definite asset of monolithic device technology is
the very fine maich between adjacent -outputs when
used in parallel. Applications requiring 2 sink current
beyond the capability of a single output can be accom-
modated by parallel outputs. Continuous operation
of all outputs at the maximum rated current is not
allowed because of power dissipation limitations im-
posed by the package. However, as illustrated in Fig-
ure 1, under certain conditions, the Series ULN-2000A
Darlingion arrays are capable of switching loads to-
taling more than 125 watts at an ambient temperature
of 4+70°C.
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High-Power Capability
A primary limitation of many interface circuits is
the power dissipation of the device package. Until re-
cently, very little concern was expressed for monolithic
4nicgrated circuit power dissipation. Improvements in
silicon device technology have brought about 8 grow-
ing number of monolithic circuits capable of power

. cpnsidcnbly in excess of present pacth technology.

The Series ULN-2000A is supplied in 8 16-pin dual
in-line plastic package with @ copper lead frame.
Shown in Figure 2 is 8 comparison of the allowable
package power dissipation for the industry standard
iron-nichelElloy (Kovar) kead frame and the Sprague
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COLLECTOR CURRENT AS A FUNCTION OF
DUTY CYCLE AND NUMBER OF OUTPUTS

sopper Jead frame used on these devices. As shown,l'
at £n ambiert iemperature of +70°C, the Kovar lead
frame allows only 0.64 watts while the copper lezd
frame allows 1.32 watts. At +25°C the copper Jead
frame permits & package power dissipation. of 2.0
“3‘5! N te . L T . -

. J
. T a0

Actua! power dissipation in any :pplicaﬁb‘n for the
Series ULN-2000A devices is,the sum of the individual
driver ‘power dissipations. In turn, ‘the individual
driver dissipztion is the product of the collector- -

. emitter saturation volage, the collector current, and

the duty cycle. The collector-cmitier saturation voli-
age is dependent on the collector current and, 1o 8
Jesser extent, operaling temperature.
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The Besic Dorlington Array

The first, and basic array, in this séties, is the Type
ULN-2001A. This is a peneral-purpose version with
input current limiting normally sccomplished via the
use of an sppropriate discrete resistor connected in
series with each input It is 2lso possible 10 wtilize
the intrinsic current limiting of many MOS outpots
as shown in Figure 4; a typica! P-channe! character-
istic, L

The use of TTL in such 8 manner is not recommend-
ed due to the higher currents and resultant high level
of packape power dissipation. Outputs of most PMOS
and CMOS circuits will not normally source currents
of any significance due to their high source impedance.

P ¥

(each driver)

Figure 3
TYPE ULN-2001A SCHEMATIC

DRain-10-50URCE VOLIAGE, Vps

14 1o 25 Volts PMOS Applicotions

"The Type ULN-2002A Darlington array was spe-
cifically designed for use with 14 to 25 volt PMOS de-
vices. Each input has a 7V Zener diode and 2 10,500
okm resistor (nominal values) to limit the input cur-
rent to within the capability of most PMOS of the
type specified. The basic circuit diagram is shown in
Figure § with & typical application. Note that there
are no pull-down resistors or other external discrete
components necessary, The incorporation of the Zen-
er diode also results in excellent noise immunity for
this array.

TTL end CMOS INTERFACE

The ULN-2001A and ULN-2002A sllow only a-
Timited number of input options. Shown in Figure 6
is the basic circuit diagram of the Type ULN-2003A.
This device has a series base input resistor 10 each
Darlington pair. and thus allows operation directly
with TTL or CMOS logic operating at a supply volt-
age of 5V (or 12V CMOS using FET characteristics).

A guarantee of 200 mA output sink current capa-
hility (saturated) is provided with the worse case TTL
Jogic J Jevel of 2.4 volts.  Low-power Schottky-clamp-
ed TTL logic is generally specified to have a minimum
Vourof 2.7 volts. The ULN-2003A i¢ guaranteed to
sink 230 mA under this input condnion. With the
more tvpical input of 3 volis. the ULN-2003A Darl-
ington pair wili sink 2t least 300 mA in the “ON"
state.
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Figure 4 -6
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Figure § )
¢ TYPE ULN-2002A SCHEMATIC AND APPLICATION o i

TTL totem pole outputs are not specified between
the 400 uA logic I fanout condition and the maximum
output short-circuit current (20 to 55 mA for the 7400
series). Between these rather wide limits lies the re-
quired ULN-2003A input cument:  The maximum
Type ULN-2003A input current level is specified at
1.35 mA a1 the extrapolated TTL maximum logic /

Jevel of 3.85V.

L SR Y

(each driver)

Figure 6

ULN-2002A

L SC AL L

The ULN-2003A Darlington' array will handie a!
great many interface needs - particularly those beyond!
the capabilities of TTL buffers. Also shown in Figure!
6. is a typical application of the ULN-2003A Darling-g

ton array. Of particular interest in this application is’

, an unusual use of the transient-suppression diodes for
a non-inductive Joad, The lamp test feature can of

course be used with any of the devices in this series.

s

TYPE ULN-2003A SCHEWATIC AND APPLICATION



The diodes are designed to handle the same current
and voltage as the output transistors. Switching can
be accomplished through an ordinary switch or an
appropriste power transisior. With the standard
470°C ambient and the most widely used Tamps (2
No. 2327 or 2 No. 387 lamps per output) there is no
problem with continuous operation.
& 10 15 Volt CMOS or PMOS Applications
The Type ULN-2004A Darlingtor array has an ap-
propriate series input resistor {nominally 10.5k0) to
allow iis operation directly from CMOS or PMOS
logic ovtputs utilizing supply voltages of between 6
and 15V. C
Shown in Figure 7 is a fypical application of this
array. Although the discrete ovtput bufler covld be
used 1o increase the ovtput capability of any of the
devices in this series, this is most ofien done by paral-
leling outputs as was described earlier.
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Figure 7

Type ULN-2004A SCHEMATIC AND APPLICATION
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Input Current

The Datlington collector current (output in satura-
tion) at an ambient temperature of +25°C, for any
input current is the same for all four devices in this
series and is shown in the graph of Figure 8. More
sccurately, the maximum input current for any collec-
tor current is described by the equation:

boepny = Jeran; + 140 6A
where 1, is the input current in microamperes, I s
the collector current in milliamperes, and the figure
140 represents the meximum shunt current through
the emitter-base resistors. The typical input current
can be described as:
'.g,q - 058 'Cld) -+ 1'0 ‘l‘

where the figure 0.58 is an adjustment for the typical

Darlington current gain and the figure 110 sepresents

_ the typical shunt current.
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tow Avoiloble Drive Curren! Opsration
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_"Occesionally, applications featuring minimur avail-
able input drive corrent and a high output load current

Lave shown the Type ULN-2003A and ULN-2004A
deguate for the particular

Darlington arrays to be in2
Tequirement under worst st conditions. This usual-
from the restricted drive current available

ly results
from & TTL or CMOS gate operating from 2 nominal
supply of 5 volts.

Under worst case conditions with 2 low Jogic I volt-
spe (24 V), and a high input resistor value (3.51k0),
the gvailable.load current is reduced to only 145 mA.
Compounding this problem would be thé cfect that &
high érive current rcquircmcnl' wopld have on the
Jopic output volage since thit is normally specified at
only 400 pA. If the gate output is connecied-10 addi
tional logic elements, 8 minimum logic } voltage of
2.0V must be maintained and at thal level the worst

case Darlington Joad current would be reduced to only
31 mA!

A simple solution 1o this problem is through the
use of ineapensive pull-up resistors as shown in Figure

10. The minimum resistor value is determined by the !

maximum allowable sink current (16 mA for TTL,
3604 A for CM 05). the minimum logic 0 output voli-,
agc. and the maximum supply vohage us per the fol-
lowing equation:

vl - VO\MO)

out

For standard TTL. the minimum valoe for Rs is
spout 316 @ with values beiween 3000 © 2nd 5000 0
being used customatily. Muliple pull-up resistars in
2 single in-line package are shown in Sprague Engi-
neering Bulletin No. 9041 resistors in 2 dual in-line
pachage are shown in Bulletin No. 7042.

,
N
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INRUT CURRENT IN A = Iy

Conclusion

Since the Series ULN-2000A high-voltage, high-
current, Darlingion 1ransistor arrays are quite conser- i
vatively designed, the basic product is fully capeble of
being ordered 1o higher valtzpes and-or higher currents
than the standard epecifications. Presently, pans are
available to withstand up to 95 volis on the output.
Parts with this higher voltape fating would create 8
potential for switching Joads far in excess of 125 watts!
Aside from the higher power handling capability, <he
higher voltape rating is required for driving plasma or
gas-discharpe displays.

Th; input current as 8 function of input volisee is

shown in Figure 9 for the ULN-2002A, UL -2003A,

: and the ULN-2004A. The Type ULN-2001A Darl-

* ington array is not shown since input current is more

a function of the external circuitry, Systems utilizing

cither CMOS or PMOS logic should be evaluated for
intrinsic current Emiting as was shown in Figure 4.
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Although not intended for high pewer apphications,
there'is also available a Series ULS-2000H with her-
metic sealing and an operating tcmpcmuré range 10
4125°C. These parts are recommsnded for miliary
and acrospace applications as well a3 commercial and
industrial control applications where severe environ-

ments mey be encountered.
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All' of these Darlington traasistof arrays offct &
common solution to & greal mazny interfacé needs.
The minimal component count and straightforward
printed wiring board layout offer benefits in cost se-
duction, simplicity of board leyout, and savings in
space. Other benefits are a reduction in insertion
costs, and Jower handling and inventory costs than
other alternatives. Cost benefits from some of these
factors are not very tangible. However, fewer com-
ponents, less complex boards, eic. usually result in i
Jower system manufacturing costs.
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Figure 10

USE OF PULL-UP RESISTORS
70 INCREASE DRIVE CURRENT.
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