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ABSTRACT

THIS PROJECT IS CONCERNED ABOUT THE REMOTE CONTROLLING
BY USING OF RADIO WAVE IN UHF BAND(400 MHz) AS A CARRIER WITH
AMPLITUDE SHIFT KEYING(ASK) MODULATION. THE REMOTE CONTROL
CAN BE APPLIED FOR CONTROLLING THE ON/OFF FUNCTION OF ANY
ELECTRICAL EQUIPMENTS IN THE DISTANCE OF 20 METRES WITH THE
CAPABLE OF 7 CHANNELS TO BE CONTROLLED.
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c

[ 4 ' & e ‘
L 1ﬁﬁﬂﬂaﬁﬂﬂ80uﬂ0tﬁuﬂﬁauﬂﬂuﬂuﬁ

NANT
f = 1/(2xJLC)

\fia1g114A1 C fidn 5 pF

&t L = 1/¢(5%10" ") (2«%400%10%)?
L = 0.03 uH #
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’
a1 L flfiiln RF choke (aady)
v ‘ o Q
L7 162N IUAILYDT 21 WUURUNUDINIATUIA 0.5 cm ITUINTOU
( M - L] ‘ [] (v} [¥)
12 70U AdAnasunsiued 21fiiduinAudnateiindy 0.0732 om duuuuNueINA

INANT L = 0.394r N*/(9r+101) .eeeues (uH)
\ia r A9 JANYDILARIN(cm)
N fi d1wduseudivu
1 ADATNTDITARIN(cm)
L @oA1A213 L ia2 Gt
unuan s os
L = 0.394(0.25)7¢12)7/¢9¢0.25)+10(2)}
arla L' = 1.91 u# #(A1A210L §82%1109RF choke)

AT Receiver f = 400 MHz
LC Tank Tune Circuit

'C = 3-20 pF

L 157143 emoeunsiuaT18 812 4.28 cm
A7AMB9 L uDT 18 ﬁmuﬁﬂsﬁudwuquﬂnaﬂetﬁﬁﬁu 0.1024 cm

3INEAT L = 0,002(1)C2.310g{(41/d)=0.0753 1400 CUH)
\io 1 A9 ANINENITDIAINNIUN i
d ﬁaaﬁudﬁquénaweﬂaaaaﬂﬁaiﬁ
unuan lae ot
L = 0.002(4.28)[2.3108€(4(4,28)-0.075)3]
L = 0.043 aH

LHONTIUAT LURISINITANTINAY C 1a9n

£ = 1/2+JLC
L3oRN L = 0.043 uH



f = 400 MHz
AINU C = 1/L(2%F)"
= 1/0.043%10 “(2x(400%10°)) "

A la C = 3.68 pF

a1 L Alfidu RF choke (nna¥w
é o
LfﬁTiadﬂnaeuneLuaf 24 W4 8 TOUUUWAUDONIALUIA 5 mm
ADANDIUAILUDT 24 umuwaaauuwuﬂuaﬂawounﬂnu 0.0511 cm

Qﬁﬂﬂﬂ?ﬂﬁ?ﬂu L uuunuaﬁnﬁﬂﬁutﬂua

L = 0.394/p°N7/(9r+101) ... (uH)
unuan 1a L = 0.394(0.25)°(8)°/09(0.25)+10(1)1
v
o L = 1.029 aH

370AN LC nﬂwuamuwauquawLﬁunwsuwﬂwaﬂnnwntnﬂqwnaoasnuaa
UAY WAE L TIRDIN TR RERAINNE IR AL e SuAL UBEuRn © Tnﬂaﬂaau1unaq
LlREuAn L Luaﬂawunag1unaq 380 - 420 MHz %39A1LlNaLAHY

NTNAAD Y LudI TR In AT t11tsnnaaunaeaeasmﬂﬁauuu;aanau

(tuned amplifier)1a#l LC tank tune ;ﬁuﬂuquﬂawunsutunuﬁLaanuaWﬂ
ﬁe1u10a1auquqwL1w1uﬂﬁﬂ11utwuaauwannaqnnaouﬂoTnunwsnﬂwunﬂawuﬂﬂa
uaunuﬁnxauuwuﬁuﬂnaﬁouaetauaaﬂtﬁumunﬁwunaﬁnawuLauﬂauWTuaeasmaanLwn
n1ﬁsﬁuuautuaeuwaﬁntfwnaenwanuﬂ1u1ﬂnen1 L uaw cﬂsunwuuaﬁ131u011
ﬂsunaﬁunnau1u1unuwaﬁnnwnacaﬂnnwfnﬂaaeauwuﬂmwwLﬁaaﬁunn inductance
aﬂnawﬂnaeuﬂauauaﬂnfmTuaﬂﬂaoas Foifudrnfialidosnisiasialaan ¢ #
1ﬁﬂ1unaounaﬁuaaLaaﬂaeuau1n1uuan7unua1naonnnaﬁaWusuwawanwsaantﬁunq
nﬁ1wLnﬂnwstﬂaﬂutﬂan11wLuauﬁ1ﬂnanﬁndecodeuaa1uawu11n decode 28NN
1ﬂﬂmuﬁ1ua1uut7w1ﬁqn RF Generatorfusifouunninfuustas s idauaiuiin
naﬁunWﬂnaﬁnwuaﬁuw1n1uammﬁmaanaﬂnu0wnwnnaenﬁnsu1nuwa ANNITNAAD
uua1n11unnn1ﬂ7uaﬁuﬁ1nnauauaq1ﬂﬂaa1u11eﬂaﬁun 380-400 MHz  Fouiu
ﬂaﬂunnx7wnaenw11ﬁenuaaua1 wneawnuunnwnwsaao1nnﬂnaonﬂsunaunnaau
uaquﬂxﬂunaaounuLwanwnwsﬂsunq1unnn1n7u1ﬁ1uﬂ0wun1ﬂn7anunwaaeﬂeammwm
n1ﬂauuﬁutuﬁaeasanunosﬂammﬂm uavnwnwsnawﬂammwm1ﬂ1un1 5qq1mnaanawn

ﬂﬂﬂuﬁvﬂaﬂﬂﬂﬁﬂﬂﬂﬂﬂGQNTCﬂUﬂaﬂﬂﬁLﬂaﬂﬂﬁuﬂaﬂ decode ANNNTONILNOATHA
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MC14532B

8-BIT PRIORITY ENCODER

The MC145328 is constructed with complementary MOS
{CMQOS) enhancement mode devices The primary function of a pri-
ority encoder is to provide a binary address for the active inpit with
the highest priority, €ight data inputs {NQ ttwu D7) and an enabile
input (E;jn) are provided, Five outputs arn available, three are address
outputs (Q0 thru Q2), one group select {GS) and one enable outnut
(Eout).

® Quiescent Current = 5.0 nA/packaye tynical ® 5 Ve

Noise Immunity = 45% of Vpp typical

Diode Protection on All Inputs

Low Input Capacitance - 5 0 pF typicat

Supply Voltage Range = 3.0 Vdc tn 18 Vddc

Capabile of Driving Two Low-powsr TTL, Loads, One Low power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range

CMOS MSi

{LOWLPOWER COMPLEMENTARY MOS!

8-BIT PRIORITY ENCODER

MAXIMUM RATINGS (Voltages relerencmd 10 ves!

L SUFFIX
CrNAMIC PACKAGE

P SUFFIX
PLASTIC PACY ALY

CASF 620 CASE Gatt

ORDERING INFORMATION

MCraxxxa Suffia  Denates

L Ceranuc Package

This device cr.ntaing circuitry to prctect the inputs against damage dus to high
static voltages or electric flelds: however, it is advised that normal precautions be
taken to svoid spplicatjpn of any voltage higher than maximum rated voitages to
this high impedance circuit, For proper operation it is recommended that Vin and
Vout be constrained 1o the range Vg < (Vi or Vg, < Vpp.

Unused inputs must stways be tied 10 an aporopriate logic voltage level (e.g.,
either Vg or Vppl.

Rating Symhol Vatue Unat
P Plastic Pachage
OC Suppty Viltage Viuy ‘0510 418 Vdc A Extened Quersting
1nput Valtage, All Inguts Vi 0S1wevpp* 05 Vde Temparature Range
DC Curvent Dran pot Pin - 1 10 mAdc € Limited Onerating
Termperature Range
Operating Temperature Range AL Devece Ta €5 tn 0125 ¢
CL/CP Devece -40 to +85
Starayge Temperature Range Ton 69 1 1150 c
TRUTH TABLE
BLOCK DIAGRAM
INPUT QUTPUT
€n {O7 106 | OS |De |03 |02]0D1 {00 |as oz at ] ao Egut
(] X x X X x x 13 x o Q o [+] [+]
3 o 0 (] 0 [ ] ] () 0 o 0 L
5 O—d € 13 H 15
1 vl x Px b bx [ x T x[x | v |+ |1 1 ° ? " m
1 ° 1 x| x x| x| x| x ' 1 1 ° o 10 0—— 00
1 [+] o 1 x X X x X 1 1 o ) ] 11 0—{ 01 a0 fp—o09
1 [+] ] Q 1 X X X X 1 t 0 o 0
12 0— 02
t ] Q 0 0 ) x x x t [+] t 1 0
tJoJotoloflofi|{x|x |1 o} :1]o 0 130— 03 , o7
] ] -] [} [} [} [ 1 x 1 o [} t o 1 O~ D4 :
1 0 o [ 4] 0 o Q 1 1 Q n [+] 0
20— DS Q2p~——0of
X = Don’t Care 30— D6
40——{ 07 GS p—o014

Voo * Pin 16
Vgg ' Pin 8




MC14532B

ELECTRICAL CHARACTERISTICS

Voo Viow® 25°¢C Thigh®
Charscteristic Symbol Vde Min Mex Min Ty Max Min Max Unit
Output Voltage Q" Levet vou 5.0 - 0.05 - 0 0.05 - 005 vde
Vin* Vppor0 10 - 0.05 - o 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
1 Level Voo 5.0 495 - 495 5.0 - 485 - Vde
Vin > 0or Vpp 10 9.95 - 995 10 - 9.95 -
15 14,95 - 1495 15 - 14.95 -
Input Voltage# “0” Level| Vi Vde
(Vg * 4.5 0r 0.5 Vek) 5.0 - 15 - 2.25 1s - ‘18
{Vo * 9.0 or 1.0 Vde) 10 - 3.0 - 4.50 3.0 - 30
Vg * 135 or 1.5 Vel 18 - 40 - 6.75 40 = 40
<17 Levet] Viy
Vg * 0.5 o 4.5 Vdc) 5.0 s - 3s 2.75 - 3s - Vde
(Vo * 1.0 0r 9.0 Vde) 10 0 . 10 §.50 - 1.0 -
Vo *» 1.5 or 13.5 Vdc) 15 110 - 11.0 8.25 ¥ 11.0 -
Output Drive Current (AL Device) lon mAde
(Vou = 2.8 Vde) Source S0 -12 A -1.0 -1.7 - -0.7 >
(VOH = 4.6 Vde) 5.0 -0.25 - -0.2 -0.38 - ~0.14 -
(VoM = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -0.38 -
(VOH = 13.5 Vdel 15 -18 - -15 -1.8 - -1 -
{Vor = 0.4 Vdci Siank oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(Vo = 0.5 Vdcl 10 18 - 13 2.2% - 09 - .
Vo = 1.5 Vec! 15 42 - 34 as - 2.4 3
Output Drive Current {CL/CP Devicel oH , mAdc
(VoH ® 2.5 Vec) Source 5.0 ~1.0 - 08 [ -7 - 06 -
(Vou = 4.6 Vdel 5.0 -0.2 - -0.16 | -0.38 - -0.12 -
(Vou = 9.5 Vdc} 10 -0.5 - -04 -09 - -0.3 -
(Vo = 13.5 Vde! 15 1.4 - -1.2 =35 - -1.0 -
oy = 0.4 Vdc) Sink oL 5.0 082 - 044 | o088 - 0.36 ~ mAde
(VoL = 0.5 Vdel 10 1.3 - 1.1 225 - 09 -
. {Vo = 1.5 V) 15 36 - 30 88 - 2.4 -
Input Cureent (AL Device) fin 15 - 10.1 - $0.00001 { 20.% - £1.0 sAde
Input Current (CL/CP Device) tin !5 - 103 =~ ]10.00001{ :03 - 11.0 | wAde
Input Cepacitance Cin X = - - $0 15 - -. pF
(Vin = O}
Quiescent Current (AL Device) ‘oo 5.0 - $.0 - 0.008 5.0 - 150 uAde
{Per Packagel 10 - 10 - 0.010 10 - 100
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device} lpo 5.0 - 20 - 0.005 20 - 150 uAdc
s (Per Package} 10 - 40 - 0.010 40 - 300
. 15 - 80 - 0.015 80 - 600
Totsl Supply Current®*¢ v 5.0 1T =174 pA/KH2} [ + 1p9g uAde
: {Dynamic plus Quiescent, 10 17 = (3.656 »A/KHzI 1 ¢ 150
) Per Package) 15 1 «(5.73 nA/KH2) ( ¢ IgQ
{Cy = SO oF on all outputs, alt
buflers twitching)

*Tiow * -55°C for AL Device, 40°C for CL/CP Device,
Thigh * 125°C for AL Device, +85°C for CL/CP Oevice,
aNoise immunity specilied for worst-case input combination,
Noise Margin for both 1" end 0" tevel * 1.0 Vdc min @ Vpy * 5.0 Vde
2.0 Vde min @ vpp = 10 Vde
25Vdemin @ vgp - 15 Vde
1 To calculate 1018l supply current at losds other then 50 pf:
ty(CL) = tr(S0pFl + & x 10-3 (Cy_ -50) Vpp!
where: 17 is in uA (per packagel, Cy in OF, Vo in Vde, and f in kH2 is input frequency.
**The formulas given are for the typical characteristics only st 25°C,



MC14532B

AN
SWITCHING CHARACTERISTICS® (c( = S0 pF. T4 = 25°C)
Characteristic Symbol Voo Min Typ Mex Unit
Ouput Rite Time TTLH ns
tTLH = (3.0 ns/pFIC + 30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) CyL + 15 ns 10 - S0 180
tTLH~ (1.0 ne/oF1 Gy + 10 ns 15 - 65 130
Output Falt Time . tTHL ns
tTTHL = 1.5 nsdFICL +25 s 50 - 100 200
tTHEL = (0.75 /oF} C_ + 125 m . 10 -~ 50 100
tTHEL = (0.55 ns/pF) C + 9.5 ns 15 - 40 80
Progagation Delay Time — E;pn to Egy PLK, P
1PLH, tPHL ® (1.7 ns/pF) Cy + 120 ns tPPHL 5.0 - 205 410
1PLH, WPHL * (066 nt/pFI C + 77 ns 10 - 110 220
tPLH, tPHL = (0.5 nt/oF) Cy ¢ 55 ns 15 - 80 160
Propagation Deley Time ( €, 10 GS tPLH, nt
tPLH, PHL " (1.7 ns/pF) C L+ 90 ns oL 5.0 - 178 350
tPLH, tPHL = (0.68 ni/pF) C 57 ns 10 - 90 180
WPLH, PHL - (0.5 m/pF) C + 40 ns 18 - 85 130
Propagetion Detsy Time — E;,, to O, PHL, ns
LY, tPHL = (1.7 nms/pF) C + 195 me PLH 5.0 - 280 560
tPLH, WPHL = (0.66 ne/pF] C_ + 107 ns 10 - 140 280
teLH, \gHL ~ (0.5 msfpFI Cp + 75 ns 15 ' 100 200
Propagation Delsy Time - Dy, 10 O, PLH, nt
PLH, tPHL = (1.7 ns/pF) C_ ¢ 265 ns tPL 6.0 - Joo €00
PLH, PHL = 10.68 ns/pFI CL + 137 s 10 - 1720 340
PLH, tPHL (0.5 ns/pF) C_ + 85 ns 15 - 110 220
Propagation Detey Time ~ O, to GS PLH, ns
PLH, tPHL = (1.7 ns/pF) C_ + 195 ns tPHL 50 - 280 560
WLH, tHL « (0.86 ns/oF) C_ ¢ 107 ns 10 - 140 280
PLH, 1PHL © (0.5 ns/oF) C + 75 ns 15 - 100 200
The formuls given is for the typlcal characieristics only, f
FIGURE 1 — TYPICAL SINK AND SOURCE
CURRENT CHARACTERISTICS FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT
Veut
o
€in
oo Voo
ot €our f °
Switen 02 Qo —-0_—4:\)_1 S00 uf X o Il 0.0% uf
Mutrin 03 a1 C y b =
Da ap——-o
]
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07 O D1 Qo ‘ﬁ
Enternat o 02 cL
Power
-, Supply *O0-403 Q1
- o0-{04 SR
(o] A/ Vi Vi Vi o3 o2
utput 'Gs * Voo GS " -VDOD p—0~4 ~
Under VDS = Vout Vos = Vout -VpD Puire o6 3
Test Sink Current Source Current Generator 07 GS
DOthr. O7 | Ein | OOthru 06 ] 07 | Efa ol é"ss CLR
Eout || X 0 [ [ 1 !
Qo x 0 4 0 1| =
Qat X 0 0 1 1
Q2 x ] 0 1 1
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MC145328

FIGURE 3 — AC TEST CIRCUIT AND WAVEFORMS
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LOGIC DIAGRAM
(Positive Logic)
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FIGURE 4 - TWO MC145328°s CASCADED FOR 4.81T QUTPUT
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FIGURE S - DIGITAL TO ANALOG AND ANALOG TO DIGITAL CONVERTER

Cloes
Tovgoand

DIGITAL TO ANALOG CONVERSION
The digital eight-bit word to be converted is applicd

to the inputs of the MC 14512 with the most significant
bit at X7 and the least significant bit at X0, A clock in.
put of up to 2.5 MHz (at Vpp = 10 V) is applied to the
MC145208. A compromise between thias for the
MC1710 and AR between N and P-channel outputs gives
3 value of R of 33 k ohms. In order to filter out the
switching frequencies, RC should be about 10 ms {il
R = 33 k ohms, C = 0.03 pF). The analog 3.0 dB hand-
width would then be de to 1.0 kHz.

Voo Vss
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MCt45328
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I

8 Bit Word
10 e Canverted

1 11] ]

ANALOG TO DIGITAL CONVERSION

An analog signal is applied to the analog input of the
MC1710. A digital eight-bit word known to represent a
digitized level less than the analog input is applied to the
MC14512 a5 in the D 10 A conversion, The word 13
incremented at rates sullicient to allow steady state to
be reached between incrementations (i.e. 3.0 ms). The
output of the MC1710 will change when the digitai
input represents the fiest digitized level above the analog
input. This word is the digital reqvesentation of the
analog word.
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MC145026
MOTOROLA MC145027

MC145028

Advance Information

CMOS MSI

{LOW-POWER COMPLEMENTARY MOS)
MC145026 ENCODER, MC145027/MC 145028 DECODERS
REMOTE CONTROL
The MC145026 wili encode nine bits of information and senally ENCODER/DECODER PAIRS
transmit this information upon recept of a tansmit enable. TE, lacuve i
low) signal. Nine inputs may be encoded with tninary data (0, 1, opent
"to atiow 39 (19,683} dilferent codes. :
Two decoders are presently available. Both use trie same uansmiitter
~ the MC145026. The decoders will recerve the 3-bit word and will inter-
pret some of the bits as address codes and sorme as data The
MC 145027 will interpret the first tive transmitted bits as address and the

tast four bits as data  The MC145028 will treat all nine bris as address 1f L SUFFIX

no errors are recerved, the MC145027 will output the four data bits CERAMIC PACKAGE
when the transmitter sends address codes that match that ol the CASE 620
receiver. A vald transmission output will go high on both decoders

when they recognize an address that matches that of the decoder

Other receivers can be produced with different address/data ratios
- @ May be Addressed i either Binary or Trinary P SUFFIX

® Tiinary Addressing Maximizes Number of Codes PLASTIC PACKAGE
@ Interfaces with RF, Ulirasomic, or Infrared Transaussion Medias & e

® Double Transmissions for Error Checking
® 4.5V 10 18 V Operation

® On-Chip R/C Osciliator: No Zrystal Required MC14XXXX Sulfix Denotes
¢ High External Component Tolerance: Can use 5% Components L Ceramic Package
® Standard B-Seres input and Output Chatactenisuics P Plasuc Package

PIN ASSIGNMENTS

avo1 1o 16h vop Alg1e~ Wivpp A1 hvoo -
A2/0242 Data Out* A2 Q2 150 06 A2 [ A6
A3/03 13 1401 TE a3fa 149 07 A3 A7
A4/D4 (4 1301 Rrc A4 Q4 13f1 08 A4 148
AS/DS {5 12Crs As g5 2P o9 A5 A9
A6/06 6 1{Rg ~ Rgs vy fiy Vi
anor s 101 A9/D9 g7 1001 Ry /Cy o DR, /C7
Vss (8 9jl ag/08 ‘558 9{l Data In Vss [ Data In
MC145026 MC 145027 MC145028

Encoder Decoder Oecoder

his 13 aGvance inf ion and speai 13 3re subject to change without aouce.
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MAXIMUM RATINGS (Votages Referenced to Vgs!

Rating Symbol Value Unit
OC Supply Voltage Voo -0S510 +18 v
Input Voltage, All inputs Vin -051t0 Vpp+0.5 v
DC Cutrent Orain Per Pin { 10 mA
Operating Temperature Range TA -401w0 +85 *C
Storage Temperature Range Tsig ~6510 + 150 °C’
ELECTRICAL CHARACTERISTICS
L Voo -40°C 25°C +85°C
Characteristic Symbol v i T on T Wim Tve von | i Tien Unit
Output Voltage 0" Level 50| - J005| ~ 0 005 - |005
Vin=Vpp or 0 g vou 10 - |oo5} -~ 0 005 - 005 V
N\ 15 - |005) - 0 005 - (005
1 Level 50|49 | - (495 5.0 - {495 | -
Vian=0o0r VOO VOH 10 [995) - 199 10 - 199 | - v
15 11495} - 14 95 15 - J1495] -
input Voltage “0” Level Al
IVo=450r05W) viL 50| - 15| - 225 15§ - 151
(Vo=9.00r 1.0V} 10 - 30 - 450 30 - 30
(Vo=1350r 15V} 15 - 40 . 625 4.0 3 40
"1 Level .
IVO=05 or 4.5 V) vee | 80] 381 - |35 275 = {35 |-y
(Vo=100r 9.0V} M lw|r0| - 70 5.50 - {10 -
IVo=15o0r 135 VI s 1ol - | NO 825 - |0 -
Qutput Derve Current Source
(VoH=25Vi 501-25{ - |-21 -42 - =171 -
IVoH=46 V) ion | 50 [-052 - |-0ea}| -o088 - |-036| - | ma
WVoH=95WVi 10 |-V3] - -11 -2 - |-09} -
(Vou=13.5 V] 5 1-36] - -30 -88 - |-24] -
VoL =0.4 Vi Smk 501052 | - |04 068 - (036 | -
VoL =05 VI 1oL w13 - |0 225 - {09 ] -|ma
Vo =V5VI 15|36} - |30 88 - |2a | |-
input Current - TE {MC145026, Puttup Device! .90 - - 30 40 70 - -
W [f0] -] -] 6 20 %] - | - | »A
15 - - 35 49 55 - -
nput Curtent
Rg (MC145026) wn 15 - (03] - $+000001| $03] - |£10] »A
Data In (MC145027, MC145028}
Input Current
A1/D1-A9/09 IMC 1450261 | sol - | - | - 155 | 280 - | - | wA
A1-AS (MC145027 "y 10 - - - + 300 £ 340 - -
A1-A9 {MC145028) 15 - - - + 650 +728| - -
Input Capacitance (V,q = Ol ° Cin - - - = 50 75 1 - ~ | of
Quiescent Current — MC 145026 5.0 - - - 0.0050 o] - -
oo 10 - - - 0.0100 02| - -1 pA
15 - - - 0.0150 034§ - -
Qurescent Current — MC 145027, MC145028 5.0 - - - 0 0 - -
[[3]») 10 - - €0 100 |. - - nA
15 | - - - %0 150 | - -
Totat Supply Current ~ MC145026 (¢ = 20 kH2) 5.0 - - - 100 200 ]| - -
T 10 - - - 200 40 | - -] A
s -1 -1 - 300 60| - | -
Total Supply Current - MC145027, MC 145028 1 = 20 kHzi 50| - - - 200 400 | - -
T 0| - - - 400 800 | - - | A
s -1 -] - 600 1200} - | -
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SWITCHING CHARACTERISTICS (C( =50 pF, Ta =25°C)

Symbol

Characteristic Vpo | Min*] Typ { Max Unit
Output Rise and Fall Time UM 50 { - 100 | 200
s THL 10 - 50 | 100, ns
15 - 40 | 80
Data In Rise and Fall Time (MC145027, MC145028) L 50 | - - 15
tTHL 10 - - 15 »s
15 - - 15
Encoder Clock Frequency 5.0 0 - 2
'C' 10 4] - ) MH2
15 0 - 10
Maximum Oecoder Frequency 50 | -~ ~ | 240
{Referenced 10 Encoder Clock! (See Figure St fet 10 - - 410 Kz
. 15 - - 450
TE Pulse Width | 50 {65} - -
WL 10 |2 - - ns
15 | 20 - -
System Propagation Delay = - _ 182 _ Clock
ATE 10 Vahd Transmussion) Cycles
Tolerance on Timung Components
(ARyCc+8CTCc+ AR« ACY! - - - - +25 %
ARy + AC) - - - | &5
OPERATING CHARACTERISTICS
MC145026

The encoder will senally transmit nine bits ol innary data
3s defined by the staie ol the A1/D1-AS/DS nput pins
These pins can be i etther of three states (0, 1. open’ allow
ing 39=19683 possible codes The transmit sequence will be
initiated by 3 low level of the TE nput pin. Each time the TE
nout is forced low the encoder will output two idenucal data
words. This redundant informanion 1s used by the recewer to
reduce errors I the TE input 1s kept low, the encoder wall
continuously transmit the data words. The transrmitied
words are selt-compieting {iwo words will be transmutted for
each TE pulse) _

Each transrmitted data bit s encoded into two data pulses
A logic zero will be encoded as two consecutive short
puises, a logic one by two consecutive long pulses. and an
open as a long pulse lollowed by 3 short puise The mnput
state 1s determined by using 3 weak Sutput device 10 Uiy 1o
force each input first low, then tugh If only a migh state
results lrom the two tests, the nput 1f assumed to be hard
wited 10 Vpp !f only a low state 1s obtained. the nput 1s
assumed 1o be hard wired 10 V3 I both a high and a low
can be forced at an input, it 1s 3ssumed o be open and 1s en
coded as such. .

The transmut sequence is enabled by 3 logic zero on the TE
input. This input has an internal pullup device so that a sim.
ple switch may be used to force the input low While TE is
high the encoder 1s completely disabled, the oscillator 1s i
hibited and the current drain 1s reduced 10 quiescent curre. s
When TE is brought tow, the oscillator is staried, and an in.
ternal reset is generated 10 imuatize the transmit sequence
€ach input is then sequenually selected and a deterrination
i8 made as (o input logic state. This information 1s senally
transmitted via the Data Out output pin.

MC145027 )

The decoder will recewve the seral data lrom the encoder,
check it for errors and output data if vaitd. The transmutied
data consisting of two denuical data words is examuned bit
by bit as it is received The first five bits are assumed to be

address bits and must be encaded to match the address in-
puts at the receiver I the address bits match, the next four
(datal bits are stored and compared 10 the last vald datla
stored. If this data maiches, the VT pin will go lugh on the
2nd nsing edge of the 9th bit of the fust word Between the
two data words no signal is sent for three data bit'umes. As
the second encoded word s recerved, the address must
again match, and if 1t does, the daia bits are checked against
the previously stored data bits. If the two words of data {lour
bits each} maich, the data 1s transferred to the output data
latches and wall remain untl new data replaces it At 1thé
same tme, the Vahd Transmission output pins brought high
and'wnll remain high until an error 1s cecerved ot untit no INPUL
signal 1s received tor four data bu times.

Although the address intormation 1s encoded n tnnary
fashion, the data inlormation must be erther a one o1 3 zero
A nnary {open) will be decoded 3s a logic one

MC 145028

This recerver operates in the same mannet 3s the
MC 145027 except that mine address bits are used and no data
output is avadable. The Vahd Transmussion output 1s used to
nghicate that a valid signal has been received

Although address information normatly 1s encoded in
tnnary, the designer should be aware that, for the
MC145028, the ninth address bit LA9)} must be erther a one or
a zero. This part, therefore, can accept only 2x 38 = 13,122
different codes. A trinary {open) A9 will be interpreted 3s a
logic 1. However «f the transmitter sends 3 tninary {or logic 1)
and the receiver address is a3 logic 1 {or tnnary} respectively,
the valid transmission output will be shortened to the
A1 x C) time constant.

DOUBLE TRANSMISSION DECODING

Although the encoder sends two words lor error check:
ing, a decoder does not necessanly wait for two transmitied
words to be received before 1ssuing a vahd transmission out
put. Refer 10 the flowcharts in Figures 7 and 8.
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PIN DESCRIPTION

MC145026 Encoder

A1/01-A9/D9 — These inputs will be encoded and the

‘. data seriafly output from the encoder.

Vgg ~ The most negalive supply {usually ground!

Rg, CTC. RTC — These pins are part of the oscillator sec-
tion ol the encoder. If an external signal source s used in-
.stead ol the internal oscillator it should be connected 1o the
Rg input and the R1c and CTC pins should be left open.

TE - This Transmit-Enable
(ransmission when lorced low.
input high normally.

Data Out — This is the output of the encoder that will pre-
sent the serially encoded signats

Vpp ~ The most positive supply

lactive low!) input will imitiate
A pullup device will keep this

MC145027 Decoder

A1-A5 — These are the address inputs that must match
the encoder inputs Al/ D1-A5/05 n order for the decoder 10
output data.

D6-D9 - These outputs will give the nformation that 15
presented 1o the encoder nputs A6/D6-A9/09 Note: only
binary data will be acknowledged, a tnnary bpen will be
decoded as logic one.

Ry, Cy — These pins accept a
are used lo determine whether

R2/C2 -
capacitor 1o Vg§ that are used to

transmission).
equivalent two data bit times (0.4
ume between transmitted words R2C2 = 77 RrcCic

Valid Transmission, VT — This output will go hugh when

the loliowsng conditions are satisfied:

1. the transmitted address matches the tecewer address.

and.

2. the transmitted data maiches the fast vahd data

received.

VT will remain high until exther a mismatch s received, of noO

input signal is recewved for four data bit imes
Vpp - The most positive supply
Vgs - The most negative supply tusually ground}

FIGURE 1 — ENCODER BLOCK DIAGRAM MC 145026

AAA —AAA,

Ag Rrc
Crc
TE " 12 13
. l 3-Pin
Osciftator .4 Data Setect Oata
14 and Dwider i an:l Out
Enabte . Butler
= \ \ ‘
Ring Counter and 1-0l-9 Decoder
9 8 7 6 5 4 3 2 1
A202| 2 - vss
A3/03| 3 % ! =
AQIDA] 4 ‘&
Teinary
AS/ J&
4 5108 [-;\j od Detector
A6/06) 6
- A7/07 E\ﬁ B —
on |-
raros[ >

resistor and capacitor that
a narrow pulse or a wide
pulse has been encoded. The time constant Ryx Cy should
be set to 1.72 transmit clock pefiods. R1C1=3.95 R1CCTC

This pin accepts a resistor (o Vgs and 2
detect both the end ol an
encoded word and the end of transmission. The time cons-
1ant R9 x C7 should be 33.5 transmit clock penods {four data
bit pertods). This time constant is used 10 determune that the
Data In input has remained low lof {our data bit umes (end o!
A separate comparator looks at 2 voltage
R2C2) 1o detect the dead
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FIGURE 2 — DECODER BLOCK DIAGRAM MC 145027
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FIGURE 3 — DECODER BLOCK DIAGRAM MC145028
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FIGURE 4 — ENCODER OSCILLATOR INFORMATION

e AAA

Internal I

Enable

R e
1

Thus oscillator will operate at a frequency determuned by the exter:
nal RC network; 1 e,
1

{g ——————— [H2
T 23 Ryc C1C’

for 1 kHz s 15400 kHz
where: C1¢ = C1C + Ciayout + 12 oF
Rs=2R1C
Rgz20%
Rycz10k
400 pF < Cyc < 15 »F

The value fot Rg should be chosen 10 be about 2 vmes RTC This
range will ensure that cursent through Rg 15 insignihcant compared
10 current through R1c The upper bt for Rg must ensure that
Rg x 5 pF tinput capacitance) rs small compared 1o RYcx C1¢
For frequencies outside the indicated range. the formula wifl be -
less accurate The actual oscilation range of this cucuit s from less
. than | Hz to over 1 MH?

FIGURE § — ENCODER/DECODER TIMING DIAGRAM

b PW 0 MC 145026 ENCODER
— ——2 Word Transmission
T _l_fi ............ g - = Continuous Transmission
N R 1 mmmo—mqmsmg 8—0«') %ng [l mg:cgm;m 2'\ ;0 3 -

- o o e o e —— . -

Encoder Oscator [T, JUUUUUUUUYUUUUUUL IV Juuumnmwu'
ncode: AR, JUUIUY
o i5t Bt~ be—9th Bu—={ fe—1st Bot—{ fa—Qth Bit —{

Data Out (Pin 15) '___r—u_ﬂ N n m *m N .

o ONE —— ebam Trinary —sba— 20810 —af I
t st Word: - h— 2nd Word —ol
. MC 145027 AND MC145028 DECODERS 111R/Cy)
Vafid Transmussion (Pin 11 —"—“——L

Data Outputs r
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FIGURE 6 — ENCODER DATA WAVEFORMS (MC145026)
Encoder
Osciflator I l l | l | | l | l | I I | ] l I ' I l
. (P 12)
7 Encoded l‘ l. I I
“One™
Data
Qut ﬁ Encoded | I I I I ]
Zero

(P 15)
Encoded
Data Pulse > I
Period

< Data Bit Period 7‘{

150 ns pulse appears at this point fthis does not atfect the transmitter/recerver operation)
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FIGURE 8 — MC145028 FLOWCHART
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ES

tmax kH2!
tRel. 10
MC 145026 Clock!

FIGURE 9 — MC145027/MC145028
fmax v3 Clayout

Vpop=15V

Ciayout (PF! on Pwns 1-5 tMC145027); Pins 1.5 and 12-15 (MC14502€:
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MAXIMUM RATINGS

MPSH10
MPSH11

Rating

Symbol

Value

Unit

CASE 29-04, STYLE 2

Collector-Emitter Voltage

Vceo

25

Vde

Coltector-Base Voltage

Veso

30

Vde

TO-92 {TO-226AA)

Emitter-Base Voltage

Veao

3.0

Vde

3 Collector

Total Device Dissipation @ Tp = 25°C
Darate above 25°C

Po

350
2.8

mw
mwWrC

Total Device Dissipation @ T = 25°C
Derate above 25°C

Pp

1.0
8.0

‘Watt
mW-rC

Opersting and Storsge Junction
Temperature Range

T4 Tsrg

-551t0 +150

2 3 2 Eminer

THERMAL CHARACTERISTICS

VHF/UHF TRANSISTORS

Characteristic

Symbol

Max

NPN SILICON

Thermal Resistance, Junction to Case

Resc

125

Th ! Resi J fon to Ambi

Resa

357

g13)g

ELECTRICAL CHARACTERISTICS (TA = 25°C unfess otherwise noted.)

L Characteristlc

] Symbol I Min l Max l Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
{ic = 1.0 mAdc, lg = 0)

VisRiceo 25 - Vite

Collector-Base Breakdown Voltage
fic = 100 uAde, I = 0]

V(sricao 30 - Vde

Emitter-Base Broskdown Voltage
fig = 10 pAdc, i = 0}

V{srIEBO 30 - Vo

Collector Cutoff Current
{Vcg = 25 Vde, I = 0)

cgo - 100 nAde

Emitter Cutoff Current
(Vge = 2.0 Vde, I = 0)

ON CHARACTERISTICS

DC Current Gein
{ic = 4.0 mAdc, Vcg = 10 Vde}

hee 60 - -

Coflactor-Emittar Saturstion Voitage
(ic = 4.0 mAde, Ig = 0.4 mAdc)

VCE(set) - 05 Vde

Base-Emitter On Voltage
ic = 4.0 mAdc, Vcg = 10 Vdc)

vge — 0.5 Vde

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product

{ic = 4.0 mAdc, Vog = 10 Vdc, { = 100 MHz}

fr 650 — Mtz

Coltector-Base Capacitance

{Veg = 10 Vde, Ig = 0, { = 1.0 MHz)

C ".-.'"‘"‘,'-ce

(Vcg = 10 Vde, fg = 0, f = 1.0 MHz}

MPS-H10
MPS-H11

Cen pF
0.35 0.65
<L 0.9

Colle 1tor Base Time Constant

fic - 4.0 mAdc, Vcg = 10 Vdc, | = 31.8 MHz)

rb'Ce - 2.0 ps

MOTOROLA SMALL-SIGHAL TRANSISTORS, FETs AND DIODES




" F.DNAHD TRANSFER -ABOMTTAHGI {mmies}

v

YA INPUT ADMITTARCE (mmhes)

o

#ro. AEVERSE TRANSFEN ADMITTANCE immbioe)

MPSH10, MPSH11

COMMON-BASE y PARAMETERS versus FREQUENCY
(Vg = 10 Vdc, Ic = 4.0 mAdc, Ta = 26°C)
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@ MOTOROLA

LF347
LF351
LF353

rents, and supply currents.

o Low Input Bias Current - 50 pA

® High Slew Rate - 13 V/us

® High Input Impedance - 1012 1

Ratios - 100 d8

® Wide Gain Bandwidth — 4.0 MHz

¢ Input Otfset Voitage of 5.0 mV Max (LF3478)}

¢ Low Input Noise Voltage - 16 aV/\ Hz

® Low Supply Current - 1.8 mA per Amplifier

JFET INPUT OPERATIONAL AMPLIFIERS

® High Common-Mode and Supply Voltage Rejection

Thes-. iow cost JFET input operational amplifiers combine two
state-of-*he-art linear technologies on a single monolithic inte-
grated circuit. Each internally compensated operational amplifier
has weil matched high voltage JFET input devices for low input
offset voltage. The BIFET technology provides wide bandwidths
and fast slew rates with low input bias currents, input offset cur-

These devices are available in single, dual and quad operational
amplifiers which are pin-compatible with the industry standard
MC1741, MC1458, and the MC3403/L.M324 bipolar devices.

FAMILY OF BIFET
OPERATIONAL AMPLIFIERS
SILICON MOMOLITHIC
INTEGRATED CIRCUITS

MAXIMUM RATINGS ~

N SUFFIX
PLASTIC PACKAGE
CASE 626-05
{LF351, LFI53 Onty)

D SUFFIX
PLASTIC PACKAGE
CASE 751.02 e e
S0-8 v

(LF351, LF353 Oniy}

Rating Symbol Value Unit
Supply Voltage vee +18 v
VEE -18
Differential Input Voltage Vip =30 \4
Input Voltage Range (Note 1} Vior =15 v
Qutput Short Circuit Duretion (Note 2) tg Continuous
Power Dissipation at T4 = + 25°C Pp 900 mw
Derate sbove TA = +25°C VajA 10 mwWrC
Operating Ambient Temparsture Range Ta Qto +70 ‘c
Operating Junction Temperature Range Ty 115 *c
Storage Temperature Range 1‘_‘9 -6510 +150| °C
NOTES:
1. Unlass otherwise specified, the ad g input voltage is
fimited to the negative power supply.
2. Any smplifier output can be th it more

to ground i

than one amplifier output is i
ratings may be exceeded.

Noninvt Input [} 1 Output LF351%
Vee 17 0tsar Nut {Top View)
Qutput A PAL
Pl A{ = ,__f‘muw! 8 LF3S3
b 4 %‘lnwn o (Top View)
N SUFFIX
PLASTIC PACKAGE
CASE 646-06
" {LF347 Only)
1
D SUFFIX i
PLASTIC PACKAGE «
CASE 751A-02 e LT
$0-14 !
owt [ 19 Our ¢
E}S[_: ] ]
WHE. [} .BMW“‘
vee (3] o) vee
&k .
oouts 2 tnputs 3
E? ’I R
Ouvi? E ;] [+ ]
{Fop Viewt
ORDERING INFORMATION
Functien Device Packege
Single LF3510 So-8
Single LF3SIN Prastic 0
Dual LF3530 S0-8
Dusi . LFISIN Plastic OWF
Quad LF3470 §0-14
Quad LF3478N Plastic OIP
Quad LF347IN Plastic W

MOTOROLA LINEAR/INTERFACE DEVICES



LF347, LF351, LF353

ELECTRICAL CHARACTERISTICS (Ve = +15V, VEg = —~15V, Tp = 25°C unless otherwise noted).

LF3478 LF347, LF351, LF353
Characteristic Symbol Mia Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10k, Ve = 0) Vio mv
Ta = +25°C 1 - 1.0 5.0 - 5.0 10
0°C s Tp < +70°C — - 8.0 - - 13
Average Temperature Coefficient of Input Offset AVio/AT - 10 — —_ 10 - »VoC
Voltage
Rg €« 10k 0C = Ty < +70°C
input Offset Current (Vepq = 0, Note 3) o
TA = +25C - 2 100 - % | 100 PA
0C < Ty < +70°C -2 —s 40 — - 40 nA
Input Bias Current (Vem = 0, Note 3) g
TA = +25°C - 50 200 - 50" 200 pA
0°C < Tp < +20°C —_ - 8.0 —_ - 8.0 nA
Input Resistance q — 1012 — — 1012 - 0
Common Mode Input Voltage Range VicR +15 +18 v
=1 12 - «11 -12 -
Large-Signal Voltage Gain (Vg = =10V, R ~ 20k | Ayg Vimv
Ta = +25°C 50 100 - 25 100 -
0°C € Tp € +70°C 28 — — 15 - —
Qutput Voltage Swing (R = 10 kI Vo =12 =14 —_ =12 =14 — v
Common Mode Rejection Ratio (Rg < 10 k) CMRR 080 100 — 70 100 —_ d8
Supply Voltage Rejection Rstio (Rg < 10 k) PSRR B0 100 - 70 100 — d8
Supply Current o mA |
LF347 - 7.2 n - 1.2 1
LF351 — - - -— 18 34
LF353 - - -— - 38 6.5
Slew Rate (Ay = +1} SR - 13 - - 13 = ] "Vius
Gain-B8andwidth Product BWp — 490 - — 40 — MHz
Equivslent input Noise Voltage en —_ 16 - = 16 - | avrvHz
(Rg = 100 11, f « 1000 Hz}
Equivalent Input Noise Current {f = 1000 Hz} in - 0.01 - - 0.01 —  |pArviz
Channel Separation {LF347, LF353) — - - 120 - - -120 —_ d8
1.0 Hz < [ < 20 kHz {input Referred)

For Typicst Characteristic Performance Curves, refer to MC34001/34002/34004 data sheet.

NOTES: (continued!

3. Input biss currems of JFET input op arnps approximatety double lor every 10°C rise in o . To I at
close to asis pulse ? are utifized during test.

MOTOROLA LINEAR/INTERFACE DEVICES



SN
SCL4514B '&
SCL45158 ‘

CMOS 4-70-16 LINE
DECODERS WITH LATCH

FEATURES

¢ Strobed Input Latch

4 inhibit Control

4 Sslected Output Active High (SCL45148) or
Active Low (SCL45158)

DESCRIPTION

The SCL4514B and SCL4515B- are two out-
put options of a 41016 Line Decoder with
Lstched lnputs. The SCL4514B presents a logic
“1” at the selected output, and the SCL45158
presents 2 logic “0’ at the selected output. The
latches hold the last input data presented prior to
the Strobe transition from "1 to 0. Inhibit
‘silows all outputs wto be placed at "0
{SCL45148), or “1" (SCL4515B), regardless of
the state of the Data or Strobe inputs

Applications include code conversion, address
decoding memory selection control, demultiplex-
ing and readout decoding.

TRUTH TABLE (Strobe = 1)

Data tnputs Selocted Output
SCLA5148 = Logic “1”
Inhibit | D C B A | SCL45158 = Logic “0”
(o] 0 0 00 So
[+) 0 0 01 S1
1] 00 10 82
Q 0 0 t 1 S3
0 o1t oo sS4
(4] Q1 0 1 SS
[+ o1 t o0 $6
0 0 1 1 1 S7
0 1t 00O 58
o 1 00 1 S9
[} 10 1t 0 s10
Q 1 0 1 1 S11
[} 1t 1 00 S12
0 1t 1 01 S13
[] 1t 1 10 S14
0 1T 1 1 1 S15
1 X X X X |Atl Outputs
= 0, SCL4S148
All Qutputs
= 1%, SCLAS158
X = Don’t Care

CONNECTION DIAGRAM

(all packages)
Doata
lnputs Outputs
—

Voo D4 S10 S8 S14  S12
INHI 03 ‘ S11 l S9 l S15 I s13
I e o o il )

24 2322 21 20 19 18 17 16 15 14 13
SCL45148 SCL45158
1 2 3 45 6.7 8 9101112
1 L{ L1 1 1 L
ST]D2I56154151I50
01 s7 sS S3 s2 Vgg
\—\,—J
Oata Outputs
inputs

Add suffix for package:
D 24-pin Ceramic
E 24-pin Epoxy
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DOC Supply Voltage Vpp-Vgs 3t 15 Vde .

Operating Temperature Ta .
D, H Device 55 to 4125 °C
E Device <40t +85 ©C

BLOCK DIAGRAM

sofllodddb
sl—-o’o 2826
- Py L) -
Voo - #mn 24 s2—ocxelB
Vgg ° Pin 12 [
s3}l—oaelB

7 -
sef—oAadch

. )

Dete 1 03] A ssTOAicb

3 . s¢—o0Xech

Oste 2 O—— . sr01e  s1t—oasch

Late -

Oete 3 021 < Oecaner SITQAECO

22 ° s'-“—oAnto

Osre 4 0 s1of—oislo

. su%OAifo

t l—o i -]
su--oo—] s12 13 ic

23 )

Inhibit




STATIC CHARACTERISTICS'

7 0 3
PARAMETER .| Vool conpimons |_Ttow 5C TwoH___| yaits
{vde) Min. | Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENT | o
5§ |Vin=VssorVpo | - S - | 0.05 S - 150 | pAdc
10 | Al valid input - 10 - 0.1 10 - 300
15 | combinations - 20 - 0.2 20 - 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008B Series Family Sopecifications”.
? Teow = -55°C for C. D, F, H device.

= —40°C for E device.

Taigw = +125°C for C, O, F, H device.

=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C_ = 50pF, T, = 25°C)

PARAMETER (‘\’/gg) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLm, oML,
From Data Inputs 5 - 550 1100 ns
10 - 225 450
15 - 150 300 |
From Inhibit Input ) - 400 800 l ns
10 = 150 30
v 15 s 100 200 i
OUTPUT TRANSITION TIME trum. trm .
5 - 130 260 ns
10 - 65 130
15 o 50 100 . ¢
MINIMUM DATA INPUT SETUP TIME - - !
) - 125 %0 n
10 - S0 100 ¢
15 - 40 80 !
MINIMUM STROBE PULSE WIOTH PWe o
5 - 175 350 ns
10 = s0 100 |
15 - 40 8
Voo ORAB VOLTAGE (Véc)
2018 96 14 92 10 8§ 6 2 2 0 = ; i
T 1T 37— g . )
Yoy == S Véc 5 -~ - :
} > 10 % = ;
.- -15 ] : -
Ve = - 18 Ve -20 E g " V., = 1S Ve
: s 8 3 20
Voo =—15 Vec H g 's )l Vet
X a1 :
3 405 vﬂ.-sn{ 1.=257C 4
i . ‘ I 1 1 H
To=3€q = 0 2 4 6 T 0 i s
* Yoo, ORAM YOLTAGE [Vé)

Typical P-Channel
Source Current Characteristics

Typical N-Channel
Sink Current Characteristics



SCLA45148, SCL45158

LOGIC DIAGRAM .
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ULN2001A THRU ULN200SA
DARLINGTON TRANSISTOR ARRAYS

02624, DECEMBER 1876 AEVISED SEPTEMBER 1984

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

¢ 500 mA Reted Collector Current © OR N PACRAGE
-(Single Output) 1TOP VIEW)
8 THigh-Volage Ouipois™. T8OV T e 18y Ureldic-
28(02 spJ2c
.
Output Clamp Diodes a8 (s wfac
& Inputs Compstible with Various Types of . (e nec
Logle sa(]s 12f)scC
ea(le 11{]6C
®
Relay Driver Applications ]y wic
6 Desligned to be Interchangeabls with €(Js __ s[Jcom
Spidgue ULN2001TA Series
description

The ULN2001 A, ULN2002A, ULN2003A, ULN2004A, snd ULN200SA sce monofithic high-voltdge, high-
curtent Darlington transistor arrays, Each condists of seven h-p-n Darlington paies thet {esture high-voltage
outputs with comimon.cathode clamp diodeas for switching inductive loads. The collactor-currént riting
of & single Darlington pair is 500 millismperes. The Darlington pairs may be parafieled for highét current
cspebility. Applications include refay drivers, hammaer drivers, lamp drivers, displgy drivers (LED and gés
dischargel, line drivers, and logic butfers, For 100-voit (dtharwise intarchangesbisl versions, e the
SN76485 through SN75469.

The ULN2001A is 8 general-purpose array and may be used with TTL, P-MOS, CMOS, snd other MOS
technologies. The ULN2002A is specifically designed for use with 14. to 25-volt P-MOS devicet énd each
Input has 8 zener diode and resistor in series to imit the input currént to 4 8414 Hmit. The ULN2003A has
8 2700-ohm series base resistor lor each Darlington pair fot opétstion directly with TTL or 5-volt CMOS.
The ULN2004A has & 10.5-kilohm series base resistot to slow it aperstion directly {rom CMOS ot P-
MOS that use supply voltages of 6 to 15 volts. The required input turrent is balow thet of the ULN2003A
8nd the required voltage is fess than that required by the ULN2002A. The ULN200SA has 8 1050-6hm
series base resistor and is especially dasigned lor use with TTL where higher dutput turrent I8 iequired
and loading of the driving source is not 8 concern.

logic symboit logic dlagram

}
CLAMP AL coMm

(L 1]
AL} 11681

o 2 D [ (LI
1e > ¢ ic
121 115} rﬂ—‘
. P— 2C (s
[t 2 Dc 2

I8 L] Ic
™ 14t ; 3t i

[ 3 I 3L

- 154 . 2 sc 1 Ic
t

'™ [{3] [ - " e b .

. m 1108 . ® [} D J ac

Peripheral Drivers/Actuators

* thus symbol 3 1 sccordance & -~ ANS EEE Std 91 1984 and .

l 112
C Pubhcatron €17 12 s8 Drﬁ sc
t l {ry- s

” "'” % L-*-‘ 1w ”©

PRO 1108 DATA documents cantara inlermenen Cosv~gmt ° 1984 Tqeqs 124° .~ 418 Ingargorete?
curremt 61 of pubfication dste. 'h'o:::'n '::::l:;:' 1.: . ]

Spocicafions por 1%t "'"'r g dars set TexAs 5.173
aeeessoedy iacieds teating of 4N poremetent INSTRUMENTS

S.3" ECLBCH 033012 « 24, A8 feag 1420
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

Schematics {(asch Dariington pair}

coM COM

ouTPUT ¢ . P T . oureut ¢
INPUT 8

——)

ULN2001A

—_—
INPUT 8

ULN2003A: Rg = 2.7 10
ULN2004A: Ry = 108 &g A~
ULN2008A: Ry = 1.08 k0 TI 3 t

t4
ULN2003JA. ULN2004A, ULN200SA
AN resittor values shown sre nomnal

absolute maximum ratings at 25°C frea-air temperatuee (unfess otherwise noted)

Coftector-emitter ek TR 20 R UL ormm e ) Y e N | M)
Input voltage Isee Note 1} ULN2002A. ULN2003A, ULN2004A e
Uth2oosa ... ... P A 1sv

Pesk coflector current (sea Figuwes 14 and 15y .. 500 mA
Qutout clamp diode curent . T .. 500 mA
Totat emitter-terminal current IR e \b .. 4 -2.54
Continuous dissipation {total package) at for below) 25°C free-air teoerature isee 'sote 2:

D package 3 - N\ oY) | 4 950 mw,

N package o A . 1650 mn®
Operating free-air temperature tange .. : " - 20°C to 85°C
Storage temperature range : i - 65°C 10 150°C
Lead temperature 1.6 mm 1716 inchl lrom case for 10 seconds 260°C

NOTES. 1 v voltage vafues are win raspect 10 the ermuter substrate teraungl, €. untess ¢~ e mise nvceg
2 For operation sbove 26 “C lree aw 1emperature, derate the D oackage tmearty ot 1he o q-q = 7 8 =v¢ *C 4r ze-ata the Noactaze
“earty at the rate of 13 2 «

{/;
Texas
INSTRUMENTS

P05t 075t MO 039007 D40 AS ‘feay 1000
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

electrical characterlstics at 25°¢ free-air tamperature (unfass otharwlse noted)

TEST ULN2001A AN2002A
PARAMETER T INDITION! (a3
A GTE‘ FIGURE TEST coNo s MIN  TYP MAX | MmN TYP MAX Ut
e P e e zeee] 4} VCE=50V. 4 =0 50 Sof .
cex " Cotlector cutoff current Veg = 50V, it =0 100 100 | oA
2 jlaet°C| V-6V £00
« §0 V - A,
Moty Off-stete input current 3 ;/CE 7;?(: jalConBaS00sn. $0 88 S0 68 A
A
] tnput current 4 Vi 17V 0.82 1.28 ] mia
Static lorwerd current
«2V, - A
hre transier ratio 3 Ve = 2 c = 350mA 11000
Vifons__ On-state input voltage [ VYCE = 2V. I = 300 mA 131 v
Cofector-smitter Yy = 250 4A. i = 100 mA 08 1.1 09 1.1
Veewan ":ﬂ':';" S | h = 350,A ¢ = 200mA 1.0 1.3 10 13} v
v p 4 i = 500 yA, ic = 350 mA 1218 1318
. Va =50V 50 50
1
L] Clamp diode reverse curren ? AT T o] M
\{3 Clemp diode forwerd voitege 8 e = 360 mA 1,7 2 1. 2 v
C Inout cspacitence VieOV, 1.« tMHg 18 25 15 28| of
Slectrical cheracteristics st 25°C tree-alr temperature {unless otherwise noted) J
TEST ULN2003A ULN2004A
PARAMETER T 1 UNtr
Te FIGURE ol L MIN_TYP MAX [MIN TYe MAX 4
, |Ver-Sovyed %0 % 8
leex Cofector cutolt current Veg = SO v, 4~0 100 100 | »4 g
2 Ta = 70°C Viestyv %00 | ‘6
- " A, H
ot O state input current 3 Vee - SOV.ie - S00, $0 6% S0 2% A S
Ta = 70°C I
Vi< 385V 0.93 1.3s ®
Y Inout current 4 VisSv €2 05| ma 2
- v env T 9 148 B
s Ic = 125 mA s -
'c +« 200 mA 2.4 8 [
. I v 250 mA 2.7 4
\/ 0= sute t voht ) = "
Hon inout votrage 6 Veg v 2V e = 278 mA 7 v .g.
Iz« J00 mA ) 'g
ic = 350 mA 8 o
oo R o ST L BTN
‘CElsaty $0°raban voltage | ~ 35044, Ic - m 0 .3 :
Y < 500 4A, Ic « IS0 mA 12 16 R
_ vor vg « SOV 50 50
n Cla~p diode revarse Cutrent ? Va r S0V, T T 7oC 100 Yy »A
\{3 Clam™0 drode torward voltege 8 ‘g o 380 mA 12 2 v 2 \Z
C, Inc.t capaciance Vi r OV, f - 1 MKy 18 2% ¢ 28 pF

Te “.’)

XAS
INSTRUMENTS

BURTORE T M08 A7 ¢ 20,048 1S Cegae
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ULR2001A THRU ULN2005A

DARLINGTON TRANSISTOR ARRAYS

olectricat‘charai:to'}lsﬂcs at 25°C frea-alr tamparature {unless otherwise noted)

TEST ULN200SA
[ NOt NIT
ARAMETER FIGURE TEST CONOITIONS MINTYP WAX ul
- VCE = SOV, O .. . . ... 50
+_ < Collector. 11 1 N
NS T o cutoff current Ve = SOV, 4 = 0, TA = 70°C 100
lgoth)  Ofl-state input current 3 VCE SOV, Ic « 500 A, TA =« 70°C S0 65 oA
L] Input current Vielv 1.8 24| ~a
Vijon) __ On-state input valtage VCE *2V. Ic « 350 mA 2.4 .
fy A, I o 8 X 1.
Coftector-emtter h - 2504 ¢ 00 mA 08 !
VeErssu ssturstion voits (] = 350 .A. e « 200 mA 10 13|
sturstion voltage § = S00.A. Ic « 350 mA 12 18
n Clamp diode 1everse current ? :: : :g : Ta s 70°C ‘;g ¥
Clemp diode lorward
Vi .
F voltage H W -IR%s v 2
= Input capsacitance Vi=0Ov, t v 1t MH 15 8| e*
switching characteristics at 25°¢ free-alr temperature
PARAMETER TEST CONDITIONS MIN - TYyr MAX | vt
™ Propegation delsy time, fow-10-high-tevel output e Y 02$ \ )
Pyt Propagstion delay time, high-10-low-level output 028 1 )
Vs = 50V, lg « 300 ma,
Vi -level output volt stier fwitchi ~ L
OH High-leve out voltage stier dwitching See Figure 10 Vg - 20 i
2
TExAs
INSTRUMENTS

B MOLT B0A 438 T - L a, 4% “teay ity 1)




ULN2001A THRU ULN200SA
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

OPEN Vee OPEN Vee
T cex I T tcex
OPEN = A< v $2
FIGURE 1. Icex FIGURE 2.1cex
OPEN Vee
OPEN
e
ttorn ttten)
v OPEN
= |
FIGURE 3. li(o#1) FIGURE 4. |y
OPEN OPEN

A Lot

= =

NOTE 1)t liaed for —eaturing Vg fae). vavisbie for mesturing heg.

FIGURE S. heg, VCE(sat) FIGURE 8. Vi{on)

Va
4

1
D’f |

FIGURE 7.1 FIGURE 8. Ve

{
TEXAS
INSTRUMENTS

POST DEOCT G0N §33017 « OMLAS, T1ERAS 19288
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

INPUT sox ‘ m\' y
4 PRI oL J. WS
' 1
' t
L]
— tpuy ~H Y tpyy ¥
1 1
! |_/
ouTPUT 80% 0%
VOLTAGE WAVEFORMS
FIGURE 9. PROPAGATION DELAY TIMES
v
INPUT
ULN200IA ety
PRV .
- AP A=y
PULSE H
GENERATOR B« —wmenc ouTeuT
(Ses Nete Al ULNZ0024 CLe18ok
ULN2003A i o
ULN2004A
ULN200SA
TEST CHACULT
-—‘! H—csm — :‘— <10 m
[} PR e masmnaani O oL R O | _ Y v‘“
AL ! (S48 Hots €1
v

VoM
oureyy \ /

VOLTAGE WAVEFORMS

NOTES: A The puise generator has the foflowmg charscterstics: PRA = 12 § kHe, 2o, » 800
8. C mchudes probe and pg capacitence.

C Fortesting the UL': 20014, ULN200JA. snd the ULN200SA. Vyy = 3V, for the LLN2002A. Ve « 19 « ‘or the ULN20CE 2

Vg = 8V

FIGURE 10. LATCH.UP TEST

TeEXAS
INSTRUMENTS

POST QNI RO 434017 » 04, 4% “Teay 2uiny



ULN20G1A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

TYPICAL APPLICATION DATA

ULN2003A
Vee ULN200SA

.
<

$103en3ay/sieAu( [eisydiied B

ouTrUT
# M08 10 LOAD TTL 10 LOAD
Voo ULN2004A v Vee ULN2003A F’
- }—Do—t"‘—_— 2]
S o s 2
- -—{ So—y- 2
3 .im _‘D‘}N—J :
-J Ly - —
- __D;; s
. Uy
@) '/ _C . - t’l-i F‘,
3 }_.Do_r._ 2]
< A Ll
cMos | S—TA
ouTeyT ourruUT
BUFFER FOR USE OF PULL-UP RESISTORS
HIGHER CURRENT LOADS 10 INCAEASE DAIVE CURRENT
i
- TexAs ‘0
INSTRUMENTS

SRS WO LT BT S4NN0) o DA, LAK TREAY TAlAY



ULN2001A THRU ULN200SA
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