IVIADUO0 LUW WUDL WiYItal LELW WIVGR LIS VIV

1600 20018

| I T TRTE T
| . 1530 10005
(38862 01270
2 3 spacs @, 14001200
110,160 30.48)
0765 10.005 0,800 +0.020
(2032 10.508)

—~ — -
| (19431 +0.127) ‘

(R}

[a]

188
——— 4 PLACES
I;.'Hﬁl

|
“Tel el eI Tel o] Tol [l o] TeI e Te] o] ol el leT[d]’
) g i — ey
7 010 O
I Ic K

2400 4 PLACES

O -
=\

REFLECTOR

Y
U V62 $48) « 0.108/(2,743] ‘-_\

'
‘——— EPOXY ENCAP 0.2/{5.08) DIA MAX

Mote 1: O loaged on backside

0.062
g
{1.575)
1125
@i il
0,360 +0,005
{9084 10,127)
| 1000 £0.015
L S N by e
0o [
(1908}
[0iS
0.500
o MAX — =
iz " -I il

KE Jagas KK

R
Iwew: F122013 MSCL-

Hangaal Samicengucia:

theang Kang) L.
15 F

Lreung hary Erctians: Uy
o i Vg S

Fahie MATSHWI HE

Ratusat amiconducieras
O Brasi Lida

HE Ewctranes Py
Cu Sz K3 & Wim. dsgheay
Baywwin, Vanm 1183
aisaba

Fara Lma 4320

[ *B}sctronic assembly capability.

44 semiconductor

General Description

The MAS036 is an electronic digital clock/timer module
featuring four-digit LED displays. This is designed to of-
fer a low cost digital clockitimer module for the user with
In addition 1o a
transformer and setting switches, a minimurn number of
discrete components are required to produce a full-
featured movement for use in alarm clock, clock radio,
instrument panel clock and appliance timer appli-
cations. Advanced packaging techniques allow minl-
mum overall size and high reliability in finished products.

Key features include multiple 9-minute snooze; “one
finger” sleep setting; easy to use fast and slow setting
controls; five dispiay modes (lime, seconds, alarm, sleep
and lamp test); P, alarm ON and LED colon indicators;
power failure indication; time-set lockout; and battery
powered back-up oscillator for timekeeping during
power lass. All modeals are designed to generate a selec-
table frequency alarm lone output gated at a 2 Hz rate
(provided the user adds an external resistor and
capacitor). Maximum flexibllity is provided by optional 12
or 24-hour display format, 50 or 80 Hz input frequency
selection and fixed or blinking colon indicator. The
displiay brightness level can be varied with a singie exter-
nal potenticmeter for continuous control.

Functional Features

@ Available in 0.3 display size with adhesive mylar
cover/ditfuser and clear surface color

"One finger” 58-minute sleep counter setting
Multiple 8-minute snooze control

24-nour alarm with ON/OFF cantrol

PM, calon and alarm ON LED indicators

Entire display flashes to indicate power loss

Simple fast/slow setting controls

Time set"lockout' feature eliminates accidental time-
setting without inhibiting alarm or sleep settings

B Five display modes (time, seconds, alarm, sleep and
lamp test)

User selectable 12/24-hour, 50160 Hz and fixed or
flashing colon operation

Leading zero blanking

Low power consumption

Direct drive LED display/ino RFI

Display brightness control

Back-up oscillator allows continuous timakeeping
during power-line failure with a singls 9V battery and
external 5 MI potentiometer

MAS5036 Low Cost Digital LED CIGER] Fimernoausie

N Selectable frequency alarm tone output, gated at a
2 Hz rate, provides an easy interface to an 8l speaker
for alarm clock application

B DC |evel sleep output provides an easy interface for
clock radio and timer applications

W 24-hour output for an optional calendar circuit

B Sgparate Inputs for all settings and display modes

Applications

B Clock radio timers

W Alarm clocks

B Dask clocks

B TV, stereo timers

B Appliance timers

W Instrument panel clocks

Display Outline
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Ordering Information
MA5036

Surface Color

W =Clear
[ Surface Type

Z = Adhesive Mylar

Display Color/ Function

A =With standby osclilator

B = Without standby oscillator

G =Green

Y = Yellow
Mote: Versions A end B come in red dispiay color, Green or yellow
modules come with standby cscillaton
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rpical DC Performance Characteristics (Continued) Unless otherwise specified To= 25°C, Vpp=9V,

s=uV,and V gp=25V

V| gn-MAX ALLOWABLE LED SUPPLY Vi)

fpical AC Performance Characteristics (see schematic Diagram) Unless otherwise specified
=25°C, Vo =7.75 Vrms, Vgg = 0V, and V| gp = 3.5 Vrms

ILg0-LED SUPPLY CURRENT [ACH ImAgyg)

RELATIVE LUMINOUS INTENSITY %)

Maximum Allowable LED
Supply Voltage vs Ambient
Temperature

50 |

40

noi0 @ 30 40 S0 €@ 70
Ta—AMRIENT TEMPERATURE "CI
CONDITIONS: T
1 WaVpp=11V
2) Ry =00, i.e. pin 21 =Vpp

{Max, Brightnesa)
3) Lamp Test [Note 4)

Typical LED Supply Currant
vs LED Supply Voltage

. A
n 10 20 38 40 &0 GO

Vygp-LED SUPPLY VOLTAGE (ACH Vps!
CONDITIONS:
1} Lamp Tast (all seagments driven)
2} Ap =00, ie pin 11 =Vpp

{Max. Brightness}

TR

Typical Relative Luminous
Intensity vs LED Supply
Voltage

40

200 -

180 — —

160 =

140

120 -

100 ;
4

i/

0 10 28 30 40 50 6O

V| gp-LED SUPPLY VOLTAGE {AT) (Vg
CONDITIONS:
1) Lamp Taat (all sagmants driven)
2) Rp=0a, le. pin 21=Vpp

A Deiakimans

TLOMEATE |

Vypp-MAX ALLOWABLE LED SUPPLY

AL &S A4 §TARCEY GSCILLATON FRTCUENCY aiisl

|8g—MOS SUPPLY CURRENT (mAays!

VOLTAGE |AC} Vgl

40

Typical Alarm and Standby
Oscillator Frequency vs
External Resistance and
Capacitance

FangmiaL RESIATANCE Myor 10

TLIWBATEE

Typical MOS Supply Current
vs MOS Supply Voltage

JI T 1

i

WARITE

Tl B

P17 2 3 4 &8 B T 8 9
Vg -MOS SUPPLY VOLTAGE (¥ gms!

LA 1

Maximum Allowable LED
Supply Voltage vs Ambient
Temperature

9 0 M 30 &0 S0 B0 T
Tp-AMBIENT TEMPERATURE i "C)
CONDITIONS: TUWISITEA2
1} B5Vrme <V =<0.0 Vrms
2} Ag =0, ie pin21 =Vpp

= Brlehtnoset
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Functional Description

The various display modes and their priorities are listed
in Table I. The functions of the setting contrals in com-
bination with the selected display mode are summarized
in Table Il

INPUTS

Display Mode Select Inputs (Pins 4, 5, 6): Inthe absence
of any of these inputs (i.e., pin open). time-of-day (hours :
minutes) information is displayed. All three inputs
(DISPLAY SECONDS, DISPLAY ALARM, DISPLAY SLEER}
have internal pull-up resistors to Vpp Connection of any
combination af these inpuls to Vgg resulls in ona of the
five display modes. Their priorities and functions are
listed in Table |. For example, Seconds may be displayed
by connacting pin 4 to Vgg: howevar, connecting pins 4
and & to Vgg results in the Alarm Time being displayed.
Note that DISPLAY SLEEF (pin €) and DISPLAY ALARM
{pin 5) have equal priorities and when connected to Ve,
all display drivers are turned an, providing a lamp test
display mode.

Time Setting Inputs (Pins 3, 12: Both FAST SET (pin 3)
and SLOW SET (pin 12} inputs may be applied either
singly or in combination to obtain the control functions
listed in Table Il. Internal pull-up resistors to Vigg are pro-
vided as well as switch debounce circuitry on gach input.
Application of either or both inputs is made by connect-
ing the appropriate pin to Vgq. Note that the contral fune-
tions are dependent on the salected display mode. Far
example, a Time Reset function 1o 12:00:00 AM may be
made by selecting either Time or Seconds Display Mode
and connecting pins 3, 12 and 11 to Vg5 However, if Sleep
were the selected display mode, the contents of the
Sleep Counter would be displayed and reset to 50
minutes.

Time Set Allow Input(Pin11): Thisinputis used toenable
Fast or Slow setting of time when the selected display
mode is Time or Seconds. An internal pullup resister is
provided an the input. To set time. one must connect pin
11 to Vgg in combination with pin 3 andlor 12 (provided
that Time or Seconds is the seiected display mode).
When the selected display mode is Alarm or Sleep, the
TIME SET ALLOW input does not inhibit setting of either
the alarm or sleep counters {i.e., pin 11 may be left open
to set alarm or sleep time).

50/60 Hz Select Input (Pin 16): A programmable prescale
counter divides the 50/60 Hz input frequency by either 50
or B0 1o obtain a 1 pps time base. This counter is pro-
grammed to divide by 60 by simply leaving pin 18 uncon-
nected, as a pull-up resistor to Vg is provided, 50 Hz
operation is programmed by connecting pin 16 10 Vgg,

Colon Contral Input (Pin 1): This input is used to select
between a flashing or non-flashing colon. If left open ar
connected to Vg, the colon will flash at a 1 Hz rate, Con-
naction to Veg will produce a non-flashing (always ON)
colon. An internal pull-up resistor to Vpp on the inpul Is
provided.

12/24-Hour Select Input (Pin 2 This input is used lo
select between 12 and 24-hour display formats. If left
open or connected to Vg, the 12-hour format is chosen,
inwhich case the PM indicator {in the upper left corner of
the display) is used to distinguish batween AM and PM.

selected, and PM Indication is not active. An inten
pull-up resistor to Vpp is provided on the input.

Snooze Inpul (Pin 9): Momaeantarily connecting pin 9

Veog disables the sleep output, thus turning off the sle
fransistor and the associated radio power supply. 17 t
alarm has sounded just prior Lo Lhis, the alarm oulput
alsodisabled and the sleep counter is resat to 9 minuis
Both outpuls will be disabled for between 8 and
minutes {depending upon the contents af the secan
counter) after which the alarm will again be sounded. T
snooze feature may be used repeatedly during the

minutes in which the alarm latch remains set. Aninterr
pull-up resistor to Vo is provided on the Input

Alarm Off Input (Pin 10): Connecting pin 10 1o ¥
disables the alarm and sleep outputs from coming on
alarm time, thereby silencing the alarm andlor the rad
Momentary connection to Vgg also readies the ala
lateh for the next alarm time, in which case the alal
andfor radio will sound again in 24 hours (or at a nr
alarm setting). If it is desired to silence the alarm o
day or more, the ALARM OFF input should remain at V,
This input is also returned to Vo, by an internal resist
An alarm ON Indicator in the lower right hand corner
the display is provided to show the state of the input.

Brightness Input (Pin 2): The LED display segment ¢
rent may be varied by connecting the input to V
through a variable or fixed resistor, Ry, This simple o
pin operation thereby controls the brightness of the Lt
display. Typical segment current equals 20 times t
rafarence currant set thraugh Ry, Internal resisiance
included to limit the maximum current.

Alarm Oscillator Input (Pin 20} The alarm tone

generated by an internal alarm osclllator and its
quency is determined by an external RC time canstz
connected to the ALABM OSCILLATOR INPUT (5
Typical DC Performance Characteristics). This squs
wave tone is then frequency divided by two and gated

a 2 Hz square wava signal befora being enabled at t
ALARM OUTPUT (pin 13},

Standby Oscillator Input {(Pin 15): This input s similar
the ALARM OSCILLATORINPUT (pin 20). By supplying
external capacitor and variable resistor from the input
Vgg and Vo respectively, and trimming the input {
quency to 20 Hz, the standby oscillator can be used a:
timekeeping reference when the normal 50/60 Hz 1i
power fails. A9V battary is used for back-up power for t
MOS/LS| circuit. Although the LED display will remz
OFF during power failure, the correct time is held by {
time counters and the counting continues. When i
power resumes, the display returns to norm
brightness, displaying the correct time without flashir
The input must be connected to Vgg when not in usa.

50/60 Hz Input (Pin 18): A shaping circuit is provided
square the 50/60 Hz INPUT. An external RC filter (100
0.01 uF 1yp) must be used 1o remove possible line volta
transients that could either cause the clock to gain tir
or damage the device. The input should swing betwe
Vgg and Vpp. The shaper circuit drives a counter chs
which performs the timekeeping function.

OUTPUTS




Typical Applications (continuen) Recommended Display Processing
The multidigit series display is constructed on a stand- cordance with acceptable engineering practice, 1he
ard printed circuitl board substrate and covered with a module user provides adequate protection against ¢
plastic lens. The edge connector tab will stand a tem- discharge in the design of his finished product. t
- perature of 230°C for 5 seconds. The display lens area each module user may ulilize unigque packaging
= Il l l 1# must not be elevated in temperature above B0°C. To design techniques for this end product, some ge
3 | |5 do so will result in permanent damage to the display. guidelines are offered. It is generally good practi
E3 * 'I 'I 4 Since the display is not hermetic, immarsion of the entire connect the “lever” of control switches 1o Veg inste
‘i ‘I ‘I “l ‘I f @ package during flux and clean operations may cause to the MOS inpuls. Since Lhe energy in static disch:
- e D 2] ] o] o & ] -2 2 condensation of flux or cleaner on the underside of the exhibits a wide frequency spectrum, a resistor an
e wl| = & o o= > o Wb o b W lens. Itis recommended that only the edge connectors be type ceramic disc capacitor low pass filtar network
"r——r—'_ ':_ u‘,_m}nmN,__ e A B T e R - = immersed. Only rosin core solder, solid core solder, and be used to help pratect the directly accessible
wow = ¥ o HiD o = 5 25552 il =g = low activity organic fluxes are recommended. Cleaning inputs. Place this RC network In close proximity 1
=z 2 E2ssagktn = 28 wg Baes =8 E < solvents are Freon TF, l|sopropancl, Methanol, or module edge contact to obtain maximum protecti
= z ot =t el = = “a8 3L Iz 2 = Ethanal. These solvents are recommended only at room typical RC fiiter is shown in the figure below:
i = E 5 = ; = R b z 5 23 ) ¢ temperature and for short time periods. The use of other
£3=<z2 232 g Fa o e L solvents or elevated temperature use of the recom. G .
F E = =8 ] v = mended solvents may cause permanent damage 1o the Tl o W D
< g ] = 2| lens or display. T e
= = E s L ] o
2 =X 2 o 3 comtact wrh e
8 E § P % S = T l.'lléi'r
= 2D|ea r " . 3 - " 5
2 & z ~ | Handling and Packaging Guidelines |
= o 5 = m | | ol
= =4 g e o MAS036 clock modules are manufactured using an MOS Yrssfon
- % & = £ - Integrated circuit. As shown in the Schematic and ;
Z = E 4 é = Application Diagram, many of the MOS inputs aredirectly Good practice dictates that metal buttons or mete
5 a = i E ] accessible at the edge connector of the modules, buttons not be used as they provide a path for ¢
% il f_’ = z z2 - tharefore these modules must be handled in the same discharge leading cioseriotheinternal circuitry. aty
- 13 : 8 3 5 =5 b @2 or] manner as any MOS device during transport, storage, 1QC application would use a plastic button with pl
2 o 3 = g e 2 i = = and production assembly, Also, itis recommended, in ac- pusherrod to the switch contactslocated withinthe
=2 =3 g 3 = T = S99 I -
5 = @ T in = > g - i
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Absolute Maximum Ratings

Vc'tage at All Fins Except 7
Voltage at Pin7

Operating Tempearature Range
Slorage Temperature Range

Lead Temperature (Soldering, 5 seconds)

Vg — 0.3V taVeg + 12V
Vg - 3V1oVgg +6Y
0°Clo +70°C
—20°Cto +70°C

230°C

DC Electrical Characteristics unless otherwise specified Ty = 25°C, Vg = 9V, Vae =0V, V, gp= 2.5V

Optical Characteristics uniess otherwise specified Ty = 25°C. Vs = 0V, Viep = 2.5V of Vigp (AC) =35 4

Symbol Paramaler Conditions Min Typ Max | Units
Voo MOS Supply Voltage Fully Operational Clock 7 9 11 Voo
Power Fail Detect (Note 1) 3 Ve
loo MQOS Supply Current (See Typical DC 5 10 [mApe
Performance Characteristics)
Vien LED Supply Voltage (Notes 2 and 3) 2.5 3.2 Voo
ILen LED Supply Current Lamp Test, Pin 21 =V 300 mAge
{Max Bright), (Sea Typical DC
Performance Charactarstics)
Vaarr MOS Supply Voltage Vac=0, Vign=0 75 a.0 120 | Voo
Timekeeping Maintained Only
lgaTr MOS Supply Gurrent Vearr=9 Vpe (See Typical DC 5 10 |mApg
Performance Characteristics}
B0i60 Hz Input
Frequency oc 50060 10k Hz
Logical Low Level Vg Vgg+05] W
Logical High Level Vpp=1 Voo A
Input Current Vinpur=Vas ~-10 uh
GContral Inputs (Pins 1-6, 9-12 & 16)
Logical Low Leval Veg Vgg+05) V
Logical High Level Vpp—3 Vop v
Input Current Intarnal Resistance to Vpp
Vinpurs=Vss =10 | uA
AlarmiSleep Output Current
AlarmiSleep ON, Sink Current Vo=V +2V 5 mA
Alarm{Sleep OFF, Sink Current Von=Vpp —0.25V —40 A
24-Hour Output Current
AM ON, Sink Gurrent VoL =Vgg+ 2V 400 uh
PM COFF, Source Current Von=Vpp—0.25V - 100 ey
Alarm Oscillator Ta=0"Cto 70°C, ¥pp=7.010 +20 %
Frequency Tolerance 11 Ve (Note 5)
Standby Oscillator Ta=0"C to 70°C, Vgarr=7.5 Vpc lo +20 %o
Frequancy Tolerance 12.0 Vpe, Voo =0V, Vi gp=0V (Note 5)

AC Electrical Characteristics Unless otherwise specified T, = 25°C, Ve = 7.75 Vrms, Vgg =0V, V| gp=3.5

Vrms; Vac and ¥ gp (AC) measurements made at transformer secondary winding.

Symbol Parameler Conditions Min | Typ | Max Units

Vac MOS Supply Voltage Fully Operational Clock 6.5 7.75 a0 Vrms
Power Fail Detect (Note 1) 3 6 Vrms

lac MOS Supply Current (See Typical AC 5 10 mAayvg
Performance Characteristics

V ep (AC)| LED Supply Voltage {Notes 2 and 3) 3.0 35 40 Vrms x 2

lign (AC) | LED Supply Current Lamp Test, Pin 21=Vpp 315 mA sug

Note 1: Thae power fail detect voltage is 0.25Y or more above the vellage al which timeakeeplng dala will be lost

Parameter Conditions Min Typ Max
Peak Wavelength Green Display Colar 565
Yellow Display Color 565
Red Display Color 660
Segment Light Intensity Grean 140 280
Yellow 450 1000
Rad 170 325
Spectral Width, Half Intensity Green 25
Yellow 30
Red 40
Viewing Angle Angle From Normal Axis GO | d
Intensily Matching Display Dim (Pin 18} Open and Closed +33

Nate2: Tho absolute maximum allowable LED supply vollage [V pp)must be derated with ambiant temperature over 40°C. Sae the maximum allowat
(Vhvs Ta ("G curee undar the Typical Performance Characteristics.

Hole 3: Toinsure ncrmal operation. Yoo and ¥ pp o Vg and Vi gp (S minfmax

woitage variations.

should not be

ouer line voitage and 1ras

Nole 4; Lamp test of display is nal mean| 1o be a normai operating dispiay mode, but only & condition of measuring V| g3 for a giver ambient lemp
Mote 5 Does nof include tolerances of components external 1o NMOS G

Typical DC Performance Characteristics uniess otherwise specified T, = 25°C, Vpp =9V, Vag = ¢

Vi gp= 2.5V

Typical LED Supply Current
s LED Supply Voltage

i /
ELL

Iy gp-LED SUPPLY CURRENT Imapch

B SIPRLT CURSEN 1 imanc

L] (L] 8 an

Vygp-LED SUPPLY VOLTAGE (Vg ]

COMNDITIDNS:

TLwsans 2t

1) Lamp Test (all segments delven)

2) Ap =04, e pin 21 = Vpp

(Max. Brightness)

Typical Relative Luminous
Intensity vs Brightness
Input Resistance

T |
: E T
H T
; - - -:-“ |
:
3 1
e
I e W
TR T RELATANCE By (i
CORDITION: 1} Lamp Ten (A1l Segrments Drnen|

CONDITIONS:

TLWETES

Typical MOS Supply Current
vs MOS Supply Voltage

TLIW/ATED

MELATIVE UMM INTENBITY 1

Typical Relative Lumin
Intensity vs LED Suppl
Voltage

M

RELATIVE LUMINDUS INTENSITY 1'%
H

I
an +
! — F——
oot oznoxn an
Vypp LED SUPPLY V0L TAGE Vg
CONDITIONS: i
1) Lamp Tast (afl sagments d

2) Ap=00,ie pin21=Vpp
{Max. Brightress}

Relative Lumi Ir i

vs Ambient Temperature

1 =

3 s m w W
AtaT THT TEMRERATLME 1,

LA

CONDITIONS:
14 | amn Tast fall spamests doivan
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