DESCRIPTION

The M58412P and M58413P CMOS aluminum-gated LSlIs
serve 4-digit liquid-crystal digplay (LCD) digital alarm
clocks employing quartz oscillators of 4.2 MHz and 32
kHz respectively.

FEATURES

Low current consumption. Under ordinary conditions,
M58412P consumes 30uA at an oscillator frequency of
4.2 MHz and Vss 1) level of —1.6V, while M58413P
consumes 2uA at 32 kHz and Vgg (1) of —1.5V.

The 12-hour clock-display function shows AM or PM
hours and minutes; the 24-hour system shows hours
and minutes alone.

Separate switches enable independent setting of hours
and minutes.

Five alarm output signals are provided: a continuous
alarm-bell signal, intermittent alarm-bell signal, external
bell-oscillator-circuit-drive signal, external electronic-
apparatus switching signal, and 12 min or 120 min DC
signal.

The alarm bell output can continue for up to 12 min.

A 10 min ‘snooze’ function is incorporated.
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APPLICATIONS
Alarm clocks with a ‘snooze’ function
Sleep timers

The LS| causes the whole display to flash on and off
when battery voltage drops below the specified level.
Two LCD mark outputs are provided: alarm and sleep.
The display offers immediate indication of the function
in current operation.

The LS!s enable sleep and auto-recording timers to be
set at any time during a 59-minute period. A 120-minute
output mode is also available with auto-recording timers.

"Travel watches

Switching timers for electronic apparatus

Auto-recording timers for audio equipment
FUNCTIONS

Normal clock, alarm clock, ‘snooze’ timer, sleep timer,
electronic-apparatus switching timer, and audio-equipment
auto-recording timer functions are provided by the oscilla-
tor and frequency divider (4.2 MHz for M58412P and
32 kHz for M58413P).
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OPERATION arrays on the LCD panel, the segment codes, and the dis-
The following figures and tables show the LCD-electrode  play modes.
An LCD-electrode arrangement and names of segments and marks (12-hour clock display)
" AM K Fi A1 B1 coL F2 A2 B2 F3 A3 B3 SL.MARK COM
SL.MARK
K Al A2 A3
—— [ ] ]
AM Fi I B1 ' F2 B2 F3 B3
G1 G2 G3 (SLEEP MARK)
I A C ]
PM £ ICI . Ez' IC2 E3| I03 (ALARM MARK)
— STEE—— aa— “
D1 coL D2 D3
(COLON) AL MARK
PM G1 £1 D1 c1 G2 E2 D2 cz G3 E3 D3 C3 AL.MARK
Table 1 12-Hour Clock Display
Mode Display Meaning of mark display
——
' I I ﬂ ——  Sleep tmer is IN operation
Normat clock I I S’
ordinary display a— ,’\, -—
oM I ‘®- | ' I ‘ et Alarm tmer is being set

Alarm [
AN
L_I l ’ " T et Alarm tme is displayed; adjustment possible
SN
N [IRe
L | o
I I I -ﬂ T =———r—=a  Sleep time is displayed. adjustment possible
Sleep-time -— s
-J L-l ‘ =t Alarm timer is being set

Note 1. The symbol 3¢ indicates a 2sec on-off flash
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An LCD-electrode arrangement and names of segments and marks (24-hour clock display)

AO
00
E0
Go B0 F1 Al BT coL F2 A2 B2 F3 A3 B3 SL.MARK COM
SL.MARK
A0 Al A2 A3
—— o— — — ﬂ
BO F1 er @ re2 B2 F3 83
Go G1 G2 a3 (SLEEP MARK)
L] ] . . |
ALARM MARK
EOI Ico E1I Ic1 . EzI 'cz E3I |03 (AL )
L ] ] ] | ‘
DO D1 coL D2 D3
(COLON) AL.MARK
co G1 E1 D1 ci G2 E2 D2 c2 63 E3 D3 C3 AL.MARK

Table 2 24-Hour Clock Display

Mode Display Meaning of mark display
_l l_l ., |— I— n — Sleep tmer s N operation
Normal display — T -
l l I _“1_ I ‘ I ‘ ————t—  Alarm timer 15 being set
A
1
Alarm display I o N \ 7
I . l l ' ' — — —pe  Alarm ume 1s displayed; adjustment possible
7t N
N
I i l —_ — et Slegp ume 1s displayed: adjustment possible
Sleep-time display — 7| N
—I l—l ‘ ——=t=—  Alarm umer is being set

Note 2 : The symbal 3¢ indicates a 2sec on-off flash
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FUNCTIONS OF INPUT AND OUTPUT PINS

Input Pins

The potential drop to the level of Vgg () (—1.5V)} or Vgg(a)
{—3V) achieved inside the LSl ensures that all the input
pins are used in the floating-state condition. The input pins
A1, A;, A3, S,,and S¢ have the potential of Vgg(;), while
all the other input pins have Vgg(z). Signal input requires
the use of the Vpp (gnp) level for all input pins.

$1 Pin

Every push of the S; push-button switch advances 1 minute
in normal clock-time adjustment, alarm-time setting and
sleep-time setting. Raising to the hour digit is prohibited in
this operation. |n the normal-clock ordinary-display mode,
the S; pin also serves as a start/stop input pin for the sleep
- timer. A sleep mark flashing on and off displays the sleep
timer's operation. It will disappear when the sleep timer
stops operation, or as soon as the time initially set on the
sleep timer is reached.

S2 Pin

Every push of the S, push-button switch advances 1 hour
in normal clock-time adjustment and alarm-time setting. In
the normal-clock ordinary-display mode, the S, pin also
serves as an input pin to bring the sleep output to the
Vgs(1) level. This function makes it possible to switch off
a radio or other electronic apparatus before the time initial-
ly set on the sleep timer is reached.

S3 Pin

When the A; pin is held at the Vg level, a momentary
switch should be used to enable the input with the S;-pin
potential to change momentarily to the Vg level. Pushing
the S; switch changes the mode cyclically in the sequence:
normal-clock ordinary display; alarm-time display {alarm-
time setting is possible); and sleep-time display {sleep-time
setting is possible). However, when the A; pin is in the
floating state (the inside-L.SI potential is —1.5V), it is re-
commended to use a lock switch to retain the Vpp level at
the S pin. While S;-pin potential is kept at Vpp, the
alarm-time display mode is effective (alarm-time setting is
possible). Disconnecting the S; pin restores the normal-
clock ordinary-display mode. The sleep-timer mode cannot
be used when the A; pin is in the floating state. In this
case, however, there are convenient applications {for travel
watches, etc.) free from the problem of alarm-time lags
behind the set time which sometimes arise from the use of
momentary switches due to their accidental operation.

S4 Pin

When the normal-clock normal-display mode of the basic
clock is effective, maintaining this pin at the Vpp level
causes entry to the normal-clock time-adjustment mode.
After time adjustment with the S, and S, pins, clock
operation starts with the ‘00’ second of the adjusted time as
soon as S4 is disconnected from the Vpp level.

Ss Pin

This pin is used to provide alarm-timer set input. Main-
taining this input pin at the Vgp level causes the alarm
mark to stay on. When the normal clock time coincides
with the alarm time, two types of alarm output, AL. OUT1
and AL. OUT2, generate alarm signals. (The alarm signal
with a pulse width of 250ms is generated only once after
the coincidence takes place.) When cancellation of the
alarm signal is desired, disconnecting the Sg pin from the
Vpp level causes both the alarm mark and alarm signal to
disappear. No alarm signals will be generated when the
normal clock time coincides with the alarm time, unless
the S5 pin is at the Vg level.

S¢ Pin

This pin has three functions: ‘snooze’ timer-setting input,
sleep-timer resetting input, and LCD lamp switching at
night. When an alarm signal is generated in the normal-
clock ordinary-display mode, bringing the S¢ potential
momentarily to Vpp stops the alarm signal for a moment
and generates it again after 9~10 minutes. (The 1-pulse
alarm signal with a 250ms pulse width cannot be generated
again.) The ‘snooze’ function can be repeated at every sig-
nal input made to the S¢ pin. However, it does not operate
after an alarm signal has continued for 12 minutes. This
function is useful for ‘snooze’ clocks and other appli-
cations.

When no alarm signals are generated in the normal-clock
ordinary-display mode, or when the ‘snooze’ function is
not in operation, bringing the S¢ potential momentarily to
Vpp makes it possible to reset the sleep time to 59 min-
utes and to make the sleep output level Vpp. This means
that when a stereo or other apparatus connected is to be
switched off after 59~60 minutes, it is unnecessary to use
the 59 minute setting in the sleep-time display mode: It is
only necessary to push the S4 push-button switch and then
push the S;-pin start button, giving great ease of operation.
The Sg pin, at a potential level of —1.5V, also serves as an
LCD lamp power terminal at night {See Fig. 1). Care should
be taken, however, over the fact that every time the LCD
lamp is turned on a ‘snooze’ timer set input or sleep-timer/
reset input is entered.

Fig. 1 An LCD lamp circuit

Voo O—O/

SwW

TO Sg PIN

LAMP

Vss() (—1.5V)
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A1 and A2 Pins

AL. OUT1 pin alarm output in different modes is generated
in accord with a combination of the A,- and A,-pin po-
tentials. Table 3 shows four modes and their applications.

Table 3 AL. OUT1 Pin Alarm Qutput

T1.T2 and T3 Pins

The T3 pin is a clock-input pin for high-speed test use.
Combinations of T, and T, pin potentials control the test
mode and options, as shown in Table 4.

Table 4 Test Mode

Ay Ay Output waveform of AL. OUT1 Main applications Ty T2 Mode
Operation of bells. N.C. |N.C. Normal operation
Vv L 1024Hz buzzers and other
DD
N.C. |N.C. Vss( ,)_] A || l [ |L sound sources without v NG Normal-clock ordinary display with the colon kept ON
[P T .C.
Ts 1s oscillator circuts bb (without colon on-off flash)
(intermittent sound)
The counter is reset and "AM 12:00" {0: 00 for 24-hour cycle}
N.C v is displayed in the normal-clock ordinary-display mode. Here,
e oo the alarm time is AM 1200 (000 for 24-hour cycle) and the
Operation of sound sleep time is 59 minutes
Voo sources with oscillator
Voo N.C. Vss(1) Carryover from the minute to the hour digits is prohibited. The
Ts —.JIS circuits {intermittent v v common output 15 held at the Vss(2) level. and the segment
sound} oo oo and mark output for display is at the Vp level. High-speed
testing is possible
Operation of sound OUTPUT PINS
1024Hz - CORA
NG v Voo J’|H|||'|M|(')"“””” sources without Output Pins for Segments, COM, COM AL. MARK,
e PB  vss(n oscillation circuits and SL. MARK
(continuous sound) The COM output pin common signal has a frequency of
32Hz. Segments and mark-output pins which are not dis-
played give common signals, while segments and mark
output pins displayed give inverse-phase signals of common
Voo |vop |VoO Switching of signals. The COM output is used for permanently-displayed
VSS( Ze0ms electronic apparatus segments or marks.
AL. OUT1 (Alarm output 1) Pin
When the normal-clock ordinary-display time coincides
with the alarm time, alarm signals with the waveforms
A3 Pin shown in Table 3 are generated at the AL. OUT1 pin for

This pin controls mode shifts between normal-clock ordina-
ry-display mode, alarm-time display mode, and sleep-time
display mode by the S; pin. When the A3 pin is not con-
nected (N.C.), it operates in the alarm-time display mode
so long as the S; pin is at the Vpp level. When the S3 pin
is disconnected from the Vpp contact, the S; pin enters
the normal-clock ordinary-display mode, but not the sleep-
time display mode. When the A3 pin is at the Vpp level,
mode shifts occur cyclically in the sequence: normal-clock
ordinary display; alarm-time display; sleep-time display;
and normal-clock ordinary display, each time the S; pin is
momentarily at the Vgp level,

12/24 Pin

Bringing the 12/24-hour pin to the Vpp level turns the
12-hour cycle display into the 24-hour cycle display.

12 minutes. The 250 ms pulse-width alarm output, how-
ever, is given only once after the coincidence.

Coincidence in the alarm-time display mode causes the
AL. OUT1 to be given for one minute. When they coincide
in the normal-clock time-adjustment mode, continuous
alarm signals are generated until the time is advanced.
AL.OUT2 (Alarm Output 2) Pin
When both the A, and A, pins are at the Vpp level (when
the AL. OUT1 is the 250 ms pulse-width alarm output),
the AL. OUT2 pin gives a DC output for 110~ 120 min. In
cases of the alarm-time minute digit set to integral multiples
of 10 minutes from 10 to 50 min., a DC output is sent out
for 120 min. This signal is useful for controlling electronic
apparatus for 2-hour auto-recording. When both the
A, and A; pins are at other than the Vpp level, a DC out-
put is given for 11~12 min by the AL. OUT2 pin.

Fig. 2 Alarm output waveforms
A Az=

Voo

VoD level — 110 ~ 120 minutes L Vss(1)
' Coincident with alarm time
Ay A= Voo
other than Vpp level N~ 12 intes — VSS(1)
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SL. OUT (Sleep Output) Pin

This pin can be used not only for sleep timers but also for
turning on and off radios, TVs, cassette decks,and VTRs. In
the normal-clock ordinary-display mode, the SL. OUT pin
can be brought to the Vpp level, i.e., the switch-on stage,
by starting the steep timer with the S; pin, or by bringing
the Sg pin potential momentarily to Vpy after 12 minutes’
issuance of the alarm signal or when the ‘snooze’ function
is not in operation. As soon as the sleep time becomes
59 minutes in the normal-clock ordinary-display mode
(the sleep timer does not display the time elapsed), or by
bringing the S, -pin potential momentarily to Vpp in the
normal-clock ordinary-display mode, the switch-off state,
i.e., the Vgg(1) level, holds. Fig. 3 shows SL. OUT-pin out-
put waveforms: (1) when the switched-off state is entered
at the sleep time set; {2) when the timer is stopped after
the start of the sleep timer and started again; and (3) when
the switched-off state is entered before the sleep time set.
Input pins to be used are shown in parentheses. When the
sleep output is turned to the Vpgplevel by using the S4 pin,
this level is maintained unless the sleep timer is started
with the S; pin. Use of the SL. OUT pin as a maximum
60-minute auto-recording pin requires that both the A; and
A, pin potentials are set to Vpg and the AL. OUT1 pin is
connected with the S; pin as shown in Fig. 7. In this case,
sleep output assumes the Vpp level when the alarm time
coincides with the normal time.

Fig. 3 SL. OUT output waveforms

voltage drops to any specified level in the detectable voltage
range of Vpp=—1.2~—1.5V. This flashing can be stopped
by making the S¢ potential momentarily Vpp. However, it
will start again at the next sampling time {max. one minute
later) until the battery is replaced.

OPERATIONAL METHODS
Fig. 4 Operation when the A3 Pin is N.C.

Minute

" Normal-clock
adjustment i adjustrnent mode
(sp | A 1 e T
Hour L L4 j
adjustment —

(S2)

Reset 1o 00 sec T (Sa) l Start from ‘00 sec

Normal-clock ordinary-
display mode

Minute
adjustment —=

(Sy) I:- o '_I I—I v | Aarm ume display/
Hour PM _l L] u U__\‘_ adjustment mode
adjustment —=] Pty

(S2)

Note 3 . The symbol 3¢ shows a 2sec-penod on-off flash

4 - Lock switches are used in the S3. S4 and Ss pins

Fig. 5 Operation when the A3, pin is at the Vg level

rv;mute Normal-clock
adjustment —— adjustment mode
so | e 0
Hour « J0
adjustment —a4

(S2)

Reset 10 ‘00 secT (S4) l Start from ‘00" sec

Sleep timer
start/stop (S 1)—mw

Start{S1) to: Sleep tme set
Voo
(1 tg J
- e Vss(1)
sart(S;)  Stop(S1) Stant (S1)
¢ ; ,
(2 e ‘___o_.|t — T e
- Vss(1)
Start(Sy) Sleep-out canceling (Sz)
Voo
® _' R s S
Vss(1)

POWER CIRCUITS

Voo, Vssi1y, Vssizy. CF, and CT Pins

The electrical power supply is a 1.5V battery (=Vpp-
Vss(1)). Use of 0.1uF condensers between the CF and CT
pins and between the Vgg ;) and Vpp (gnp) Pins gives volt-
age about double the power voltage, making possible direct
operation of the LCD.

BD (Battery Detector) Pin

By connecting a resistor between the BD and Vgg(;) pins
which has a proper temperature characteristic and a resist-
ance between 15k§2 and 750€2, the segments and marks dis-
played flash on and off in a 2sec period, a visual reminder
of the necessity to replace the battery, when the battery

Normal-clock ordinary-

Sleep output  —amy
display mode
cancel (S2)
Minute
adjustment —-—e=]
(s1) Alarm time display/
Hour adjustment mode
adjustment ——e=}
(Sz2)
Minute
adjustment —T—% Sieep-time display/
(Sy) adjustment mode
(S3)

Note § : The symbol 3¢ shows a 2sec-period on-off flash
6 : Lock switches are used in the S4 and Sg pins

MITSUBISHI

10—8

ELECTRIC



MITSUBISHI LSIs

MS58412P, M58413P

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vss(1) Supply voltage 0.1~-3 Vv
Vss(2) Supply voltage Voo =GND 0.1~-1 v
Vi Input voltage for Vss (1) supply Ta =25°C Vss(1) ~Vob v
Vi) input voltage for Vss(2) supply Vss(2) ~Voo v
Topr Operating free-air ambient temperature range —20~65 °C
Tstg Storage temperature range —30—~80 °C
RECOMMENDED OPERATING CONDITIONS (Ta =25°C. excent where otherwise specified)
Symboi P " Condi Limits U
ymbof arameter onditions  {Note nit
{ 6 Min Nom Max
M58412P Cin=15pF. Cout =10pF Rp =209 -1.2 -1.5 —1.9 A\
Vss(1) Supply voltage :
M58413P Cin=15pF. COUT:3UDF‘ Ro =30k Q@ -1.1 -1.5 -2 Vv
M58412P CiNn=15pF, Coyt=10pF Rp=20Q —-2.4 -3 —3.8 \
Vss(2) Supply voltage .
M58413P Cin=15pF. CouT:30pF_ Ro =30k Q —2.2 -3 —4 v
ELECTRICAL CHARACTERISTICS
{(Ta=25C, Vpp =GND, M58412P : f =4, 1943MHz, M58413P : 1 =32.768kHz . except where otherwise specified)
Limnits
Symbol Parameter Test conditions {Note 6) Unit
Min Typ Max
A = —1.5V.CiNn=15pF .C =10pF
Msgatzp | o5t IN= PR Dour= 1P 30 80 A
| Supol ] v C1=C2=0.1F. Ro=20Q
DD upply current from Vpp
v =—1.5V,Cin=15pF.C =30pF
M58413P ss(1) in=15pF . Cout=30p 2 5 A
Ci=C2=0.14F, Ro=30kQ
Cin=15pF.C =10pF. Rp=20Q
Msgarep | -7 PR ToUT=I0RR. Ro -1z v
within 1sec of oscillation
Vi(osc) Oscillator input voltage
Cin=15pF. C =30pF. Ro=30kQ
Msga1zp | N7 1OPT. bouT=SRE. Fo —1.2 v
within Ssec of oscillation
loL(coM) Low-level output current (common) Vsg(z)y = —3V., VoL=-2.9V 30 pA
{oH(CcOoM) High-level output current (common) Vss(2y =—3V. Vonu=-0.1V —~30 A
1OL(SEG) Low-level output current (segment} Vss(2) = —3V, VoL=—2.9V S HA
{OR(SEG) High-level output current (segment) Vss(z)y = —3V. Von=-0.1V -5 #A
toL(aL) Low-level output current (alarm, sleep) Vss(1) = — 1.5V, VoL=—1V 100 1A
1oH(AL) High-level output current (alarm., sleep) Vss(1) = — 1.5V, Vgu=—0.5V — 100 A
A = -3V, V)_L=-3V
i Low-level input current ss(n) - —0.2 A
except for test input terminals
Vss(z) =—3V. VIR=0V
L1 High-leve! input current @ 0.2 LA
except for test input terminals
Vgs(1)=—1.5V, C1=C2 =0. 1uF
Vo(z2) Doubler output voltage o —2.8 A
lo=2uA
Vi(8D) Battery detector voltage range 15k Q SRgp =750k Q -1.2 —1.5 v
Note 7 . Ro refers to a crystal impedance.
ELECTRIC 10—9
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TYPICAL APPLICATION CIRCUITS

Fig. 6 An alarm clock with ‘snooze’ and sleep functions

SEGMENT OUTPUT
SUAL.OUT A |20
i e
A LY ) Y
TO SWITCHING CIRCUITS 53 A 28
FOR ELECTRICAL EQUIPMENT 54] VOO 3y
155F 55 SL.OUT T .
— XTAL1 T, Ine
=1 25
4 19MHz56 1ALz Ms8412P T3 -
3--23pF 57 24 —
. C'-EO.1/1F cF S 22 o o r
G T s8f.r Sz 5 o
2 21 —
0.1«F 59 s;F———o o——¢
I}_—'—— Vgsiz 3
60 Se 22— o—
L Vssii:
ey SSit Ss 19 oo
18 [
s f———o0 o—
SEGMENT QUTPUT
Fig. 7 An alarm clock with ‘snooze’ and auto-recording
functions
SEGMENT OUTPUT
—AAA AL OUTH A |20 %
TO SWITCHING
CIRCUIT FOR 52J AL OUT2 P <
UNATTENDED 54/ SL.OUT As 28
TAPE RECORDING s3] e Y,
D | oo
15pF 55 L - 26
a3 xTA las. [N©
P %IMSMHZSG Ty
# o XTAL2 M58412p
3 23pF —1
c,LoiF cF s, B4 o
c r_ CT 2 —0 00—
2 0.1,4F s5g Sa 21 —0 oO0—d¢
————— vss, 20
1.5V 60 S4ff———0" 0—
_;—‘- Vss Ss 19 —
1 _
AMN—-2U a0 el ot |

Note 8 : The circuit of Fig. 6 gives intermittent alarm-bell tones
9 : The circuit of Fig. 7 gives continuous alarm-bell tones,

L

10 : Use of Type M58413P in Fig. 6 and Fig. 7 requires the employment
of a 32kHz quartz oscillator and a 5 ~ 3SpF variable condenser

4L

SEGMENT OUTPUT

MOMENTARY
SWITCH

R
-_0 O0—

LOCK SWITCH

__o’o—-

TWO-WAY
TWO-POLE
SWITCH

—o"o—

MOMENTARY
SWITCH

JESY

LOCK SWITCH

—_—0 00—

Note 11 Use is made of AL. OUT2 for 110 ~ 120 minute fixed-time auto-recording

output and of the SL. OUT pin for maximum 60 minute non-fixed-time
auto-recording output

10—10

MITSUBISHI
ELECTRIC



