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MM5309, MM5311, MM5312,.
MM5313, MM5314, MM5315

MM5309, MM5311, MM5312, MM5313,

MM5314, MM5315 digital clocks

general description

These digital clocks are monolithic .MOS integrated
circuits utilizing P-channel low-threshold, enhancement
mode and ion implanted. depletion mode devices. The
devices provide all the logic required to build several
types of clocks. Two display modes {4 or 6-digits)
facilitate end-product designs of varied:sophistication.
The circuits interface to LED and gas discharge displays
with minimal additional components, and require only
a single power supply. The  timekeeping function
operates from either a 50 or 60 Hz input, and the dis-
play format may be either 12 hours (with leading-zero
blankihg) or 24 _hours. Outputs consist of multiplexed
display drives (BCD and 7-segment) and digit enables.
The devices operate over a power supply range of 11V
to 19V and do not require a regulated supply. These
clocks are packaged in dual-in-line packages.

features
= 50 or 60 Hz operation

" 12 or 24-hour display format

~ Clocks‘

For additional application informatizjn,
see AN-143 at the end of this section.

® Leading-zero blanking {12-hour format)
m 7-segment outputs

®m Single power supply

® Fast and slow set controls

8 |nternal multiplex oscillator

® For features of individual clocks, see Table |

applications

® Desk clocks
®  Automobile clocks
® Industrial clocks

® |nterval Timers

TABLEI
FEATURES MM5309 MM5311 MM5312 MM5313 MM5314 MM5315
BCD Outputs X X X X X
4/6-Digit Display Mode X X X X X
Hold Count Control X x X X
1 Hz Output X X
Output Enable Control X X X
Reset X X
connection diagrams (Dual-In-Line Packages)
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature

Lead Temperature (Sofdering, 10 seconds)

Vss + 0.3 to Vsg —,20V
-25°C to +70°C,
—65°C to +150°C

300°C

electrical characteristics T within operating range, Vgg = 11V to 19V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Vss (Vpp =0V) 1 19 \Y
Power Supply Current Vsg = 14V, (No Output Loads) 10 mA
50/60 Hz Input Frequency dc 50 or 60 60k Hz
650/60 Hz Input Voltage
Logical High Level Vgs—1 Vss . Vss \Y)
Logical Low Level VpD VDD Vss—10 v
Multipiex Frequency Determined by External R & C 0.100 1.0 60 kHz
All Logic Inputs Driven by External Timebase dc \ 60 kHz
Logical High Level Internal Depletion Device to Vg Vgs—1 Vss Vss Vv
Logical Low Level . vVpD VpD Vgs—10 \%
BCD and 7-Segment Outputs
Logical High Level Loaded 2 k§2 to VpD 2.0 20 TA source
Logical Low Level ' 0.01 mA source
Digital Enable Outputs
Logical High Level ‘ " 03 mA source
" Logical Low Level Loaded 100 2 to Vgs 5.0 25 mA sink
connection diagrams (Continued) Dual-In-Line Packages (Top Views)
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MM5309, MM5311, MM5312,
MM5313, MM5314, MM5315

functional description

A block diagram of the MM5309 digital clock is shown
in Figure 1. MM5311, MM5312, MM5313, MM5314
and MMb5315 clocks are bonding options of MM5309
clock. Table | shows the pin-outs for these clocks.

50 or 60 Hz Input: This input is applied to a Schmitt
Trigger shaping circuit which provides approximately
5V of hysteresis and allows using a filtered sinewave
input. A simple RC filter such as shown in Figure 10
should be used to remove possible line voltage transients
that could either cause the clock to gain time or damage
the device. The- shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: This input programs the’

prescale counter to divide by either 50 or 60 to obtain a
1 Hz timebase. The counter is programmed for 60 Hz
operation by connecting this input to Vpp. An internal
depletion device is common to this pin; simply leaving
this input unconnected programs the clock for 50 Hz
operation. As shown in Figure 1, the prescale counter
provides both 1 Hz and 10 Hz signals, which can be
brought out as bonding options.

Time Setting Inputs: Both fast and slow setting inputs,
as well as a hold input, are provided. Internal depletion
devices provide the normal timekeeping function.
Switching any of these inputs {one at a time) to Vpp
results in the desired time setting function.

The three gates in the counter chain (Figure 1) are
used for setting time. During normal operation, gate A
connects the shaper output to a prescale counter {+50
or +60); gates B and C cascade the remaining counters.
Gate A is used to inhibit the input to the counters for
the duration of slow, fast or hold time-setting input
activity. Gate B is used to connect the shaper output
directly to a seconds counter (+60), the condition for
slow advance. Likewise, gate C connects the shaper
output directly to a minutes counter (+60) for fast
advance.

Fast set then, advances hours information at one hour
per second and slow set advances minutes information
at one minute per second.

12 or 24-Hour Select Input: This input is used to pro-
gram the hours counter to divide by either 12 or 24,
thereby providing the desired display format. The
12-hour display format is selected by connecting this
input to Vpp; leaving the input unconnected (internal
depletion device) selects the 24-hour format.

Output Multiplexer Operation: The seconds, minutes,
and hours counters continuously reflect the time of day.
Outputs from each counter (indicative of both units
and tens of seconds, minutés, and hours) are time-
division multiplexed to provide digit-sequential access
to the time data. Thus, instead of requiring 42 leads to
interconnect a 6-digit clock and its display (7 segments
per digit), only 13 output leads are required. The multi-
plexer is addressed by a multiplex divider decoder,

which is driven by a multiplex oscillator. The oscillator
and external timing components set the frequency of
the multiplexing functioniand, as controlled by the 4 or
6-digit select input, the divider determines whether data
will be output for 4 or 6 digits. A zero-blanking circuit
suppresses the zero that would otherwise sometimes
appear in the tens-of-hours display; blanking is effective
only in the 12-hour format. The multiplexer addresses
also become the display digit-enable outputs. The multi-
plexer outputs are applied to a decoder which is used
to address a programmable (code converting) ROM.
This ROM generates the final output codes, i.e., BCD
and 7-segment. The sequential output order is from
digit 6 (unit seconds) through digit 1 (tens of hours).

Multiplex Timing Input: The multiplex oscillator is
shown in Figure 2. Adding an external resistor and
capacitor to this circuit via the multiplex timing input
(as shown in Figure 4a) produces a relaxation oscillator.
The waveform at this input is a quasi-sawtooth that is
squared by the shaping action of the Schmitt Trigger in
Figure 2. Figure 3 provides guidelines for selecting the
external components relative to desired multiplex
frequency.

Figure 4 also illustrates two methods of synchronizing
the multiplex oscillator. to an external timebase. The
external RC timing components may be omitted and
this input may be driven by an external timebase; the

- required logic levels are the same as 50 or 60 Hz input.

Reset: Applying Vpp to this input resets the counters
to 0:00:00.00 in 12-hour format and 00:00:00.00 in
24-hour formats leaving the input unconnected (internal
depletion pull-up) selects normal operation.

4 or 6-Digit Select Input: Like the other control inputs,
this input is provided with an internal depletion pull-up
device. With no input connection the clock outputs data
for a 4-digit display. Applying Vpp to this input pro-
vides a 6-digit display.

Output Enable Input: With this pin unconnected the
BCD and 7-segment outputs are enabled (via an internal
depletion pull-up). Switching Vpp to this input inhibits
these outputs. (Not applicable to MM5312, MM5313,

. and MM5315 clocks.)

Output Circuits: Figure 5a illustrates the circuit used
for the BCD and 7-segment outputs. Figure 5b shows
the digit enable output circuit. Figure 6 illustrates
interfacing these outputs to standard and low power
TTL. Figures 7 and & illustrate methods of interfacing
these outputs to common anode and common cathode
LED displays, respectively. A method of interfacing
these clocks to gas discharge display tubes is shown in
Figure 9. When driving gas discharge displays which
enclose more than one digit in a common gas envelope,
it is necessary to inhibit the segment drive voltage(s)
during inter-digit transitions. Figure 9 also illustrates a
method of generating a voltage for application to the
output enable input to accomplish the required inter-
digit blanking. . .




functional description (Continued)

50/60 Hz > 10H
seLecT © > 10H:
HOLDO - — -
A 4
| |
50/60 Hz SHAPING o GATE [IN - . . | .
et & > circuir »> A » “30R:6 > 12 i >
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FIGURE 1. MM5309 Digital Clock Block Diagram
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L" ! A FIGURE 3. Multiplex Timing Component Selection Guide
1
| 1 N |
r )
i Dotted components added to shaping
Vss circuit to form multiplex oscillator
*Effectively

FIGURE 2.50/60 Hz Shaping Circuit/Multiplex Oscillator
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MM5309, MM5311, MM5312,
MM5313, MM5314, MM5315

functional description (Continued)

Vss
: Q )
. v {
: c S
MUXTIMING | g

FIGURE 4a. Relaxation Oscillator

Vss
Q
v(%s
'J: ] .
2 MULTIPLEX . MULTIPLEX
EXTERNAL EXTERNAL ;
T o—l TIMNG NPUTY  pwsaes |- L CLOCK O—AAALMNG INPUTY ymiszog
BASE SIGNAL 10k )
"(INPUT OR DUTPUT)
! 9
DD
[o}
Voo
FIGURE 4b. External Time Base . FIGURE 4c. External Clock

Note. Free running frequency should be set to run slightly lower than system frequency
over temperature, External time base may be input or output.

* R=100k. ’ .
FIGURE 4. Synchronizing or Triggering Multiplex Oscillators
Vss
a
Vss vss DIGIT ENABLE
/ OUTPUT
a
Vi —
0o T-SEGMENT BCD OR 1ppg
OUTPUT -
{OPEN DRAIN) -

Voo

FIGUREGa' - . FIGURE 5b

FIGURE 5. Output Circuits




functional description (Continued)

i

MOS to Low Power TTL Interface MOS to TTL Interface
' Vgg = 5V -
Vss ss
ANY GATES
ANY TTL GATE i
Vooe sV Vss =5V
o 510
— = MM5309 =
MM5309 -
— 2
it
! (o]
Voo vgp = -12v
For Vgs =5, Vpp = 12, R = 10k For Vgs =5, Vpp = —12, R = 7.5k
For Vgg =101t0 17V, Vpp = Gnd, R = 3k Note. Digit select will drive TTL directly when

. 5, —12 supplies are used.
f
’

FIGURE 6. Interfacing TTL

Ve . v o

- BN
s

)
*n4403 B Vss

2N3904
TYricaL OR EQUIV. (X4 OR X6) StomEns OR EQUIV. (X7)
enasLE| — L= ' ouTPUT
QUTPUT -
' 17 TYPICAL LED
. SEGMENTS
MM5309 17 1vpicat LED MM5309 ) {COMMON. CATHODE)
| SEGMENTS SUCH AS NSN74R,
(COMMON-ANODE) ' OR EQUIV.
SUCH AS
R (XT) NSN71L, OR
EQUIV. --
: TYPICAL
TYPICAL
SEGMENT *f)':llig?ld Iv. (x7) ENABLE o
ouTPUT| _ 1 uIv. ENABLEl S OR EQUIV. (X4 OR X6)
> Voo ) Voo
= =
Voo d - = Voo 9 -
Vss — Vpp VF 06V ' (Vgs Vpp)/2 VF 1.6V
RL=—— R e
N{tg) : N{1g)
Where R|_ as in k2 Where R is in k2
And VE = forward drop of LED . And VE = forward drop of LED
0.6V ~ voltage drop of transistors 0.9V = voltage drop of transistors
N = number of digits in display N N = number of digits in display
Ig = required average LED current ’ Ig = required average LED current
*Transistors may be replaced by DM75491, DM75492,
DM8861, DM8863 or equivalent segment/digit drivers.
FIGURE 7, Interfacing Common Anode LED Displays FIGURE 8. Interfacing Common Cathode LED Displays
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MM5309, MM5311, MM5312,
MM5313, MM5314, MM5315

functional description (Continued)
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FIGURE 10. MM5309 Driving Gas Discharge Display, Typical Applications




Clocks
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MM5316 digital alarm clock

general description

The MM5316 digital alarm clock is a monolithic MOS
integrated circuit utilizing P-channel low-threshold,
enhancement mode and jon-implanted depletion mode
devices. It provides all the logic required to build several
types of clocks and timers. Four display modes (time,
seconds, alarm and sleep) are provided to optimize
circuit utility. The circuit interfaces directly with 7-
segment fluorescent tubes, and requires only a single
power supply. The timekeeping function operates
from either a 50 or 60 Hz input, and the display for-
mat may be either 12 hours (with leading-zero blank-
ing and AM/PM indication) or 24 hours. Outputs
consist of display drives, sleep (e.g., timed radio turn
off), and alarm enable. Power failure indication is . .
provided to inform the user that incorrect time is apphcat'ons
being displayed. Setting the time cancels this indi- m Alarm clocks

cation. The device operates over a power supply range

AM/PM outputs
Leading-zero blanking
24-hour alarm setting
All counters are resettable

Fast and slow set controls

Power failure indication

Blanking/brightness control capability
Elimination of illegal time display at turn on
Direct interface to fluorescent tubes
9-minute snooze alarm

Presettable 59-minute sleep timer

}12-hour format

! = Desk clocks
of 8-29V and does not require a regulated supply. = Clock radi
. ) Lo ock radios
The MM5316 is packaged in a 40-lead dual-in-line .
package. = Automobile clocks
m Stopwatches
B |ndustrial clocks
features ® Portable clocks
® 50 or 60 Hz operation - B Photography timers
m Single power supply ®  Industrial timers
®  Low power dissipation (36 mW at 9V) ® Appliance timers
12 or 24-hour display format ® Sequential controllers
block and connection diagrams
OUTPUT 23
COMMON O~
SOURCE
12/24 HOUR 38
secect . © - * . Dual-In-Line Package
060 HZ 35 | SHAPING . TiME
INPUT ClRcuir Fsmonee :> B pin) . A ouTPUT — 120 o out
s0G0HZ 36 19, em| 10105 10HRS - b & ¢ — L
SELECT 1PPS 1 AM OF HRS HRS — f ememg ' B—SIZ/ZGHRSELEET
— e SECONDS 2. ol HRS - g =g L sanking v
SECONDS MINUTES |:> >0k HRS - 8 == |— 50/60 Hz SELECT
COUNTER COUNTER CODE HRS — b =] 135 cors0 He v
CON-
AL%?}{! VERTERS HRS — d wwmt p—= FASTSETIN
ALARM ALARM[ AND | . HRS - ¢ —d 23 SLowseTin
OFF 3 2 DRth To HRs HRS - & et 32 SecoNDS DISPLAY IN
ALARM & DRIVERS pivied . HRS-e — 32
SNDOZE clsnlczuﬁ; ALARM COMPARATOR 10 MINS — f ==t |— ALARM DISPLAY IN
. 1 3 N
SLEEP 27 Y Y 10 MINS — g =meed |— SLEEP DISPLAY IN
out ¢ SLEEP 1015 10108 10MINS - 0 & d ] = vio
! :> > OF MINS 10 MINS - b =] 2 s
DIGIT 14 27
R T[] AT ERp
COUNTER COUNTER COUNTER 10 MINS — ¢ — o ALARM CFF (N
SLEEP DIS O 30 £> T0 MINS MIN:*1T ?:l:::riul:'
ALARM 3 DIGIT MINS — g ===
018 7 o, s - s |2 our common source
SECONDS o f
oIS T MINS = b == P~ MINS - ¢
BLANKING 37 JJBLANKING MINS - ¢ b~ MINS - d
INPUT 1 DETECTOR
SLOW SET O— . TOP VIEW

FAST SET O—2p

ol ., Order Number MM5316N

Yos 29 See Package 24
Vop O——>

FIGURE 1. . FIGURE 2.




MM5316

absolute maximum ratings

Voltage at Any Pin

Operating Temperature

Storage Temperature

Lead Temperature {(Soldering, 10 seconds)

electrical characteristics

Vgs + 0.3 to Vgs — 30V
—-25°C 10 +70°C

—-65°C to +150°C
300°C

TA within operating range, V§s = 21V to +28V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Vss (Vpp = 0V) 21 29 \
Power Supply Current No Qutput Loads
Vss =8V 4 mA
‘ Vss =29V 5. mA
Counter Operation Voltage 8 29 \Y
50/60 Hz Input Frequency Voltage dc 50 or 60 10k Hz
Logical High Level Vss-1 Vss Vss v
Logical Low Level VbD VDD Vpp+1 \
Blanking Input Voltage
Logical High Level Vgs—1.6 Vss Vss \
Logical Low Level VDD Vop | Vss—4 Vv
All Other Input Voltages
Logical High Level Vgs—1 Vss Vss . \
Logical Low Level Internal Depletion Device to Vpp VDD VDD Vpp+2 Vv
Power Failure Detect Voltage (Vgs Voltage) 10 20
Qutput Currents, 1 Hz Display Vgg =21V to 29V, ‘
) Output Common = Vss
Logical High Level VOH = Vss — 2V 1500 UA
Logical Low Level, Leakage VoL =VDD 1 uA
10's of Hours (b & c), 10's of Minutes
{a &d) : o
Logical High Level VOH =Vss — 2V 1000 - - uA
Logical Low Level, Leakage VoL =VDD ' i uA
All Other Display, Alarm and Sleep Qutputs
Logical High Level VOH = Vss = 2V 500 HA
Logical Low Level, Leakage VoL =VDD 1 HA




functional description

A block diagram of the MM5316 digital alarm clock is
shown in Figure 1. The various display modes provided

by this clock are listed in Table |. The functions of the -

setting controls are listed in Table Il. Figure 2 is a
connection diagram. The following discussions are based
on Figure 1.

50 or 60 Hz Input (pin 35): A shaping circuit (Figure 3)
is pravided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt Trigger that is designed to provide about 6V of
hysteresis. A simple RC filter, such as shown in Figure 6,
should be used to remove possible line-voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input (pin 36): A programmable
prescale counter divides the input line frequency by
either 50 or 60 to obtain a 1 Hz time base. This counter
is programmed to divide by 60 simply by leaving pin 36
unconnected; pull-down to Vpp is provided by an
internal depletion device. Operation at 50 Hz is pro-
grammed by connecting pin 36 to Vgs.

Display Mode Select Inputs (pins 30—32): In the
absence of any of these three inputs, the display drivers
present , time-of-day information to the appropriate

display digits. Internal pull-down depletion devices allow ~

use of simple SPST switches to select the display mode.
If more than one made is selected, the priorities are as
noted in Table t. Alternate display modes are selected
by applying-Vss to the appropriate pin. As shown in
Figure 1 the cade converters receive time, seconds, alarm
and sleep information from appropriate points in the
¢clock circuitry. The display mode select inputs control
the gating of the desired data to the code converter

~inputs and ultimately (via output drivers) to the display
digits.

Time Setting Inputs (pins 33 and 34): Both fast and
slow setting inputs are provided. These inputs are
applied either singly or in combination to obtain the
control functions listed in Table il. Again, internal
pull-down depletion devices are provided; application of
Vss to these pins effects the control functions. Note
that the control functions proper are dependent on the
selected display mode. For example, a hold-time control
function is obtained by selecting seconds display and
actuating the slow set input. As another example, the
clock time may be reset to 12:00:00 AM, in the 12-hour
format (00:00:00 in the 24-hour format), by selecting
seconds display and actuating both slow and fast set
. inputs. . :

Blanking Control Input (pin 37): Connecting this
Schmitt Trigger input to Vpp places all display drivers
in a non-conducting, high-impedance state, thereby
inhibiting the display, (see Figures 3 and 4). Conversely,
Vs applied to this input enables the display.

- Ougput Common Source Connection (pin 23): All
display output drivers are open-drain devices with all
sources common to pin 23 (Figure 4). When using

fluorescent tube displays, Vgg or a display. brightness
control voltage is permanently connected to this pin.
Since the brightness of a fluorescent tube display is
dependent on the anode (segment) voltage, applying a
variable voltage to pin 23 results in a display brightness
control. This control is shown in Figure 6.

12 or 24-Hour Select Input (pin 38): By leaving this pin
unconnected, the outputs for the most-significant
display digit {10’s of hours) are programmed to provide
a 12-hour display format. An internal depletion pull
down device is again provided. Connecting this pin
to Vgs programs the 24-hour display format. Seg-
ment connections for 10's of hours in 24-hour mode
are shown in Figure 5b.

Power Fail Indication: If the power to the integrated
circuit drops indicating a momentary ac power failure
and possible loss of clock, the power fail latch is set.
The power failure indication consists of a flashing of the
AM or PM indicator at a 1 Hz rate. A fast or slow set
input resets an internal power failure latch and returns
the display to normal. In the 24-hour format, the power
failure indication consists of flashing segments ¢’ and
““f'" for times less than 10 hours, and of a flashing
segment ‘“‘c’’ for times equal to or greater than 10 hours
but less than 20 hours; and a flashing segment ‘g for
times equal to or greater than 20 hours.

Alarm Operation and Output (pin 25): The alarm
comparator (Figure 1) senses coincidence between the
alarm counters (the alarm setting) and the time counters
(real time). The comparator output is used to set a latch
in the alarm and sleep circuits. The latch output enables
the alarm output driver (Figure 4), the MM5316 output
that is used to control the external alarm sound gener-
ator. The alarm latch remains set for 59 minutes, during
which the alarm will therefore sound if the latch output
is not temporarily inhibited by another latch set by the
snooze alarm input (pin 24) or reset by the alarm “OFF’’
input (pin 26). If power fail occurs and power comes
back up, the alarm output will be in high impedance
state.

Snooze Alarm Input (pin 24): Momentarily connecting
pin 24 to Vgg inhibits the alarm output for between 8
and 9 minutes, after which the alarm will again be
sounded. This input is pulled-down to Vpp by an
internal depletion device. The snooze alarm feature may
be repeatedly used during the 59 minutes in which the
alarm latch remains set.

Alarm “OFF" Input (pin 26): Momentarily connecting

pin 26 to Vgg resets the alarm latch and thereby silences

the alarm. This input is also returned to Vpp by an
internal depletion device. The momentary alarm “OFF"
input also readies the alarm latch for the next compara-
tor output, and the alarm will automatically sound again
in 24 hours {or at a new alarm setting). If it is desired
to silence thé alarm for a day or more, the alarm “OFF"
input should remain at Vgs. '

Sleep Timer and Output (pin 27): The sleep output
at pin 27 can be used to turn off a radio after a

9LESWIN




MM5316

functional description (Continued)

desired time interval of up to 59 minutes. The time
interval is chosen by selecting the sleep display mode
(Table 1) and setting the desired time interval (Table 11).
This automatically results in a current-source output
via pin 27, which can be used to turn on a radio
(or other appliance). When the sleep counter, which
counts downwards, reaches 00 minutes, a latch is reset

&

and the sleep output current drive is removed, thereby
turning off the radio. The turn off may also be
manually controlled (at any time in the countdown) by
a momentary VSg connection to the snooze input
{pin 24). The output circuitry is the same as the other
outputs (Figure 4). ’

50/60 HZ
INPUT OR
BLANKING — | tow vy 50/60 Ha
INPUT OUTPUT OR
BLANKING
Vss SIGNAL
Voo
*Effectively
Vss
FIGURE 3.50/60 Hz or Blanki‘ng Input Shaping Circuit
*OUTPUT COMMON SOURCE BUS (PIN 23)
@ (DATA)
BLANKING
(FROM OUTPUT
SHAPER) (OPEN DRAIN)
Vss
*Alarm and steep output sources are conhected to Vgg:
blanking is not applied to these outputs. .
FIGURE 4. Output Circuit
! PIN33 PINT PIN4D  PIN2
1Hz AM N ] b&c
PIN4G  PIN1 PIN 2
PM AM NC b&c N—
) 1
I -
—If bl ] f hl
g 1 | DI |
) ——t— NG
1 - 1. o
U al | |
no—t—1T —i—

N
rr

(a) 12-Hour Display Format

-+
A

(b} 24-Hour Display Format

FIGURE 5. Wiring Ten's-of-Hours Digit
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functional description (Continued)

TABLE |, MM5316 Display Modes

*SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO.Z DIGIT NO. 3 DIGIT NO. 4
Time Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
Alarm Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked 10's of Minutes Minutes

*1f more‘than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others}, Alarm,
Seconds, Time (no other mode selected).

TABLE 1. MM5316 Setting Control Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (12-hour format)
Both Alarm Resets to 00:00 {24-hour format)
Seconds Slow Input to Entire Time Counter is Inhibited (Hold)
Fast Seconds and 10°s of Seconds Reset to Zero Without
a Carry to Minutes :
Both Time Resets to 12:00:00 AM (12-hour format)
Both Time Resets to 00:00:00 (24-hour format)
Sleep Slow Substracts Count at 2 Hz
Fast Substracts Count at 60 Hz
Both Substracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches 00 minutes
(sleep counter will not recycle). .

typical application

Figure 6 is a schematic diagram of a general purpose alarm clock using tvhe MM5316 and a fluorescent tube display.

R R
Ne NC .
BRIGHTNESS T
CONTROL 11 L T T | | |
N S0/60Hz 12/24HR  SLOW  FAST  ALARM SECONDS SLEEP ALARM SNOOZE
. Pt Vgs  SELECT . SELECT  SET SET ~ DISPLAY DISPLAY DISPLAY  OFF BLANKING
AC 18v .I
sone 10 50uF 2= 10k o OUTPUT COMMON o :'ﬁ,“x‘
SOURCE .
m 0 Hz INPUT MM5316 Auarm] 47k
i our 2K
Voo e
z AM -l- PM b&c steep| A0 Ve
o 1 10°S OF HOURS UNIT HOURS 10°S OF MINUTES uniTMINUTES OUT Py
bl
I} 1z pmam b&cdef a bgc af a&d bgc deft a bygc DRIVE
! I T 3 T an )
n [ A J }_rl '
1o 0F Tone ! !
Z | !nouns +
: FOR e T T | Tuna sot
j denn DT19050
Leo—1d___ __imose OREQUIV. =+

FIGURE 6. Schematic
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MM5370, MM5371

MmM5370, MM5371 digital alarm clocks

geheral description

The MM5370 and MM5371 digital alarm clocks are
monolithic MOS integrated circuits utilizing P-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers.
Three display modes (time, alarm and sleep) are pro-
vided to optimize circuit utility. The circuits interface
simply with 7-segment gas discharge displays. The
timekeeping function operates from either a 60 Hz
(MM5370) or 50 Hz (MM5371) input, and the display
format may be either 12 hours (with leading-zero
blanking and AM/PM indication) or 24 hours. Outputs
consist of display drives, alarm enable and sleep (e.g.,
timed radio turn off). Power failure indication is
provided to inform the user that incorrect time is being
displayed. Setting the time cancels. this indication.
These clocks are packaged in 28-pin dual-in-line packages.

features

Single power supply

Low power dissipation

12 or 24-hour display format
Colon drive output

Clocks

AM/PM drive output in 12-hour format
Leading-zero blanking in 12-hour format
24-hour alarm setting
All counters are resettable
Fast and slow set controls
Power fail indication
Blinking colon—12-hour or 24-hour mode
Blinking AM/PM indicators—12-hour only
Brightness control capability
Simple interface to gas discharge display
Presettable 59-minute sleep timer
9-minute snooze timer -

~ applications

" Alarm clocks
Desk clocks
Clock/radios
Automobile clocks
Industrial clocks
Appliance timers

connection diagram

Dual-1 n-Lfne Package

snooze ]| 28
o HOURS
ALARM _2 2
e — 10HOURS | ey
atamm 3 % ANODE-DRIVE
- o OUTPUTS
oFE 10 MINUTES
SLEEP _4) 25
OUTPUT MINUTES
Vgg —> F_ d W
5 23
VDD — s
' steep 7 2
— V53 =<
On':ler Number MM5370N DISPLAY OEH 76 MULTIPLEXED
or IMsSTIN ALARM 8 ME371 21 7.SEGMENT
See Package 2. DISPLAY ™1 a OUTPUTS
9 20
RESET —d r b
SLOW ,'IUJ 19 R
" SET
Fas 11 s,
SET ™ ’
! ‘ LINE _12| 17 coLon
FREQUENCY INPUT " OUTPUT
12/24-H0UR _13] 16 Am/em
SELECT ouTPUT
MULTIPLEX _14] ﬁsmcumsss
TIMING INPUT CONTROL INPUT
TOP VIEW
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absolute maximum ratings

Voltage at Any Pin{ﬁ?

Voltage at Any Display Output Pin
Operating Temperature

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Vgs + 0.3V to Vgg — 29V
Vgs + 0.3V to Vgg — 56V
—25°C to +70°C

—-65°C to +150°C

300°C

electrical characteristics Ta within operating range, Vgg = 0V, Vpp =—21V to —29V" unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Power Supply Voltage
Functioning Clock No Output Loads -8.0 -25 -29 v
Outputs Driving Display -21 —29 \%

Power Supply Current No Output Loads, (See ‘‘Power 5.0 mA

Supply’’ Section)

60 Hz (or 560 Hz) Input Frequency .
MM5370 ) de 30k Hz
MM5371 dc 30k Hz

60 Hz (or 50 Hz) Input Voltage
Logical High Level Vss—-1.0 Vss Vss \
Logical Low Level VDD VDD Vpp+1 \

Brightness Control Voltage
Logical High Level Vgs—2.0 Vss Vss \
Logical Low Level VDD VpD Vss—4.0 \Y

All Other Input Voltages
Logical High Level Vss—1.0 Vss Vss A
Logical Low Level Internal Depletion Load to Vpp -VpD VDD Vppt+2.0 Y

Multiplex Frequency Determined by Ext. RC 500 60k Hz

Driven by Ext. Time Base dc 60k Hz

Power Failure Detect Voltage (Vpp Voltage) =3.0 -8.0 \%

Output Currents Vpp =-21V to —28V, Vgg = OV
Digit Anode Outputs _

Logica High Level, ("“ON") VoH = Vss — 6V 8.0 mA

Logical Low Level, (“OFF") VoL = Vss — 45V ’ 40 HA
Segment Cathode Outputs

Logical High Level, {“OFF") VOH = Vss — 5V 2.0 mA

Logical Low Level, (“ON") VoL = Vss —45V 10 HA
Alarm and Steep Outputs

Logical High Level, (“ON"") VOoH = Vss — 2V 15 ) mA

Logical Low Level, (“OFF ") VoL =VpD *+ 2V -10 MHA

functional description

A block diagram of the MM5370 and MM5371 clocks is
shown in Figure 1. The various display modes provided
by these clocks are listed in Table |. The functions of the
controls are listed in Table Il. A connection diagram for
these devices is shown on page 1. Unless indicated other-
wise, the following discussions are based on Figure 1.

Power Supply: Even though these clocks do not require
a regulated supply, and| operate over a wide voltage
range, certain factors should be remembered. Power
supply voltages between —8V and —21V will provide all

functions of the clocks (proper counting, etc.) except
output drive capabilities. In order to ensure proper
output levels and breakdown voltages it is necessary to
provide supply voltages between —21V and —29V. At
some point between —7V and -3V, the power fail
latch becomes ‘‘set’”. All counters will then hold their
count at least 0.5V below this point. This ensures power
failure indication before any count is lost. For proper
power failure indication, power supply rise time should

_not exceed 10 V/ms, since faster rise times may be
faster than propagation delays within the latch circuitry.

LLESWIN 'OLESWIN




MM5370, MM5371

functional description (continued)-

Line Frequency Input (pin 12): A shaping circuit is
provided to square the 60 Hz (MM5370) or 50 Hz
(MM5371) input.. This circuit allows use of a sinewave
input. The Schmitt Trigger shaper (Figure 2} is designed
to provide approximately 6V of hysteresis. A simple RC
filter, such as shown in Figure 8, should be used to

remove possible line-voltage transients that could cause -

the clock to gain time or damage the device. The shaper
output drives a counter chain which performs the time-
keeping function. A prescale counter divides the line
input frequency to obtain a 1 pps timebase.

Display Mode Select Inputs (pins 7 and 8): In the
absence of .either of these inputs, the display drivers
output time-of-day information to the display. Internal

.pull-down (to Vpp) depletion loads allow use of simple

SPST switches for connecting these inputs to Vsg,
thereby selecting alternate display modes. If more than
one mode is simultaneously selected, the priorities are
are noted in Table 1. As shown in Figure 1 the multi-
plexed code converter receives time, alarm and sleep
information from appropriate points in the clock

circuitry. The display mode select inputs control the

gating .of the desired data to the multiplexed code
converter ‘inputs and ultimately (via output drivers)
to the display. ' .

Time Setting Inputs (pins 10 and 11): Both fast and
slow setting inputs are provided. These inputs are
applied either singly or in combination to obtain the
control functions listed in Table Il. Again, internal
pull-down depletion loads are provided; application of
Vgs to these pins effects the control functions. Note
that the control functions proper are determined by the
selected display mode. An optional hold-time contro!
function can be obtained as shown in Figure 8.

Reset Input (pin 9): Applying Vss to,this input results
in resetting the timekeeping function’ of the clock;
a putl-down depletion load is provided at this input:
Time is reset to 12:00 AM in the 12-hour format,
or 00:00 in the 24-hour format, See Table I1.

12 or 24-Hour Select Input (pin 13): By leaving this
pin unconnected, the clock is programmed to provide
a 12-hour display format. This format provides for
zero-blanking the most significant display digit (ten’s of
hours). An .internal pull-down depletion load is again
provided; connecting this pin to Vgg programs the
24-hour display format. (See Figure 8).

Output Multiplexer Operation: Depending upon the
selected display mode (see Table 1), outputs from the
appropriate internal counter are time division multi-
plexed to provide digit-sequential access to the data.
Thus, instead of requiring 28 leads to interconnect a
4-digit clock and its display (7-segments per digit),
only 11 output leads are required. Note that the
MM5370 and MMB371 actually provide 13 outputs
(4-digit anode drive outputs plus 9 “‘segment’’ cathode
drive outputs). The two additional "‘segment’ drives
are provided to accommodate displays which feature a
colon and/or AM/PM indication. (See sections on
pin 16 and pin 17). The multiplexed code converter and
output drivers are controlied by a multiplex oscillator,
The oscillator -and external timing components set the

frequency of the multiplexing func.n. Each digit
anode is se’quentially enabled. for a time equal to the
period of one cycle of the multiplex oscillator frequency.

When driving gas discharge displays which enclose more
than one digit in a common gas envelope, it is necessary
to either (1) inhibit the segment drive voltage(s) for a °
short time ‘during inter-digit transitions, or (2) avoid
physically adjacent, inter-digit transitions. The MM5370
and MM5371 clocks utilize an interlaced output sequence
to eliminate the need for inter-digit blanking circuitry
and to prevent display arcing problems. The digit
sequence is:* (1) digit no. 1 (ten’s of hours), (2) digit
no. 3 (ten’s of minutes), (3) blank for one digit time,
(4) digit no. 2 (unit-hours), (5) digit no. 4 (unit min-
utes), (6) blank for one digit time, etc. The two blanking
intervals are provided to recharge level-translating
capacitors located in the display segment drive lines
(see Figure 8). Both segment data and digit enables are
blanked. Figure 3 is a timing diagram which illustrates
output timing.

Multiplex Timing Input (pin 14); The multiplex oscil-
lator is shown in Figure 4. Adding an external resistor

“and capacitor to this circuit via the multiplex timing

input produces a relaxation oscillator. The waveform at
this input is a quasi-sawtooth that is squared by the
shaping action of the Schmitt Trigger in Figure 4. Figure
5 provides guidelines for selecting the external com-
ponents relative to the desired multiplex frequency.
Figure 6 illustrates a method of synchronizing or driving
the multiplex oscillator with an external timebase. The
external RC timing components may be omitted and
this input driven by an external timebase; the required
logic levels are the same as the 60 Hz or 50 Hz input.

Output Circuits: All display output drivers are open-
drain devices with sources-common to Vgg (pin 5}, .
see Figure 7. Figure 8 illustrates interfacing the clock’

outputs and a gas discharge display.

‘Brightness Control Input {pin 15): Since display bright-

ness is a function of cathode segment current, a capa-
bility of interrupting this current for a variable per-
centage of the digit interval results in a brightness
control. Connecting this Schmitt Trigger input (see
Figure 2) to Vpp places all cathode segment drive
voltages at the high level, thereby inhibiting the display.
Conversely, Vsg applied to this input enables the
cathode segment drives. The Schmitt Trigger shaper
provides approximately 1V of hysteresis, which facili-
tates using a waveform such as asawtooth with a variable
slope {or variable dc component) to effect the shaper
output duty cycle and, therefore, the display brightness.
The control waveform should be derived from the multi-
plex frequency; a circuit is included in Figure 8.

Alarm Operation and Output (pin. 2): An alarm com-
parator (see Figure 1) senses coincidence between the
alarm counters (the alarm setting) and the time counters
(real time). The comparator output is used to set a latch
in the alarm and sleep circuits. This latch enables the
alarm output driver (see Figure 7), the output of which
is used to control the external alarm sound generator.
The alarm latch remains set for 59 minutes, during
which the alarm will sound if the latch output is not




functional description (Continued)

temporarily inhibited by another latch set by the snooze
input (pin 1) or reset by the alarm “OFF" input (pin 3).
Alarm time setting and resetting are outlined in Table II.
When initially powered, alarm is in “OFF "’ state.

Alarm “OFF" Input (pin 3): Momentarily connecting
this pin to Vgg resets the alarm latch and thereby
silences the alarm. This input is also returned to Vpp
by an internal depletion load. The momentary alarm
“OFF" input also readies the alarm latch for the next
alarm comparator output; the alarm will sound again in
24 hours (or at a new alarm setting). If it is desired to
silence the alarm for a day or more, the alarm input
sho}uld remain at Vss. .
.

Snooze Timer Input (pin 1): Momentarily connecting
this pin to Vgs inhibits the alarm output for between
8 and 9 minutes, after which the alarm will again be
sounded. This input is pulled to Vpp by an internal
depletion load. The snooze feature may be repeatedly
used during the 59 minutes in which the alarm latch
remains set.

Sleep Timer and Output (pin 4): The sleep output at
pin 4 can be used to turn' off a radio (or other
appliance) after. a desired time interval of up to 59
minutes. The time interval is chosen by selecting the

Vss O—b

Voo O—
MULTIPLEX
TIMING O >
INPUT

MULTIPLEX
OSCILLATOR

sleep display mode (see Table |) and setting the desired
time jnterval (see Table Il). This automatically results
in a current-source output via pin 4 which can be used
to turn on a radio. When the sleep counter, which
counts downwards, reaches 00 minutes a latch is reset
and the sleep output drive current is removed, thereby
turning off the radio. This turn off also may be manually
controlled {at any time in the count-down) by a momen-
tary Vgg connection to the snooze input {pin 1). This
input is also returned to Vpp by a depletion load. The
output circuitry is the same as the alarm output (see
Figure 7).

AM/PM Cathode Output (pin 16): Current with this
writing, gas-discharge clock displays are available with
two types of AM/PM indications, (1) AM and PM
indicators common to digits 3 and 4 respectively; and
(2) a PM only indication common to digit 1. Figure 3
illustrates an AM/PM cathode drive output that is com-
patible with both display types. Note that this same
output also provides-a non-blinking {steady) colon drive
common to digit two. Power failure is shown by turning
off this output at a 1 Hz rate. :

Colon Cathode Output (pin 17): As an optional indica-
tion of clock operation, some users may prefer to
display a 1 Hz activity. As shown in Figure 3, a cathode
drive output is provided to facilitate a blinking colon.
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FIGURE 1. MM5370 and MM5371 Digital Alarm Clock, Block Diagram
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MM5370, MM5371

functional description (Continued)

TABLE |. MM5370 and MM5371 Display Modes

*SELECTED ;
DISPLAY MODE DIGIT NO. 1 . DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4
Time 10's of Hours Unit Hours 10’s of Minutes Unit Minutes
Alarm ) 10’s of Hours - Unit Hours 10's of Minutes Unit Minutes
Sleep Blanked™* Blanked 10's of Minutes | ¢ Unit Minutes

*1f more than one display mode input is &pplied, the display priorities are in the order of Sleep (overrides all others), Atarm,
Seconds, Time (no other mode selected). ’
**E segment is lit in 12-hour display mode. This may be eliminated by using circuit shown in Figure 9.

Table 11. MM5370 and MM5371 Setting Contro! Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION
Time* Slow Minutes Advance at 2 Hz Rate
© Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Reset Time Resets to 12:00 AM (12-hour format)
Reset Time Resets to 00:00 (24-hour format)
Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM {12-hour format)
Both Alarm Resets to 00:00 (24-hour format)
Sleep Slow Subtracts Count at 2 Hz Rate
Fast Subtracts Count at 60 Hz Rate
Both Subtracts Count at 60 Hz Rate

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches
00 minutes (sleep counter will not recyctle).

Vss
LINE HIGHER
FREQUENCY RIP-POINT
INPUT OR SHAPED LINE
BRIGHTNESS FREQUENCY
CONTROL OR BRIGHTNESS
INPUT CONTROL SIGNAL

FIGURE 2. 60 Hz (or 50 Hz) Input {or Brightness Control Input) Shaping Circuit




functional description (Continued)

MULTIPLEX
TIMING !
INPUT |

DIGITNO.1
10°S OF HOURS

DIGITND.3
10°S OF MINS.

" bIGIT NG, 2
UNIT HOURS

DIGITNO. 4
UNIT MINS,

' 1
ANY | I | I
SEGMENT on OFF

AMPM M coLon NON-BLINKING [ COLON | PM
CATHODES COLON DRIVE
coLon 1-Hz BLINKING \ 1
CATHODES —l_ﬂ_l"‘_‘ COLON BRIVE 1 COLON
| I
FIGURE 3. Output Timing Diagram
MULTIPLEX
Vss  TIMING INPUT
VSS nigner
. c TRIP-POINT
EXTERNAL
1,000,000
TIMING 000,
COMPONENTS gicrlptul;xmn R
Rs £
& 100,000
=
&
E
Voo E .
& 10,000
bt
In]
&
E 1000
TRIP-POINT 2
100 L
1 10pF  100pF  1000pF 0.01uF 0.1xF
r
CAPACITANCE C (WITH R=100k)
Vss
FIGURE 4. Multiplex Oscillator Circuit FIGURE 5. Multiplex Timing Component
' Selection Guide (Typical Only)
v )
Vss
Ll
MM5370
M,fa,, Note 1: For synchronizing, free running period
should be set to run slightly longer than exter-
EXTERNAL Mux, N
TIMEBASE R TIMING nal timebase over temperature.
INPUT Note 2: For driving, timing capacitor should
be deleted.
> ’ i
(’ R
s
Voo

Do

FIGURE 6. Synchronizing or Driving Multiplex Oscillator
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MM5370, MM5371

functional description (Continued)

Vss

Vss
a (0aTA) >0—|
¢——p ALAR
SLEEP OUTPUT
b Q (DATA)
E TYPICAL DIGIT
Voo OR SEGMENT
(open ppam)  OUTPUT
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FIGURE 7. Output Circuits
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MM5375XX series clocks

general description

MM5375X X series clock is a monolithic MOS integrated
circuit utilizing P-channel low threshold enhancement-
mode and ion-implanted depletion-mode devices. It
provides all the logic required to give a 4 or 6-digit
12-hour or 24-hour display from a 50 or 60 Hz input.
An auxiliary counter allows various options. Available
options have been listed under features. Power failure
indication is provided to inform the user that incorrect
time is being displayed. Setting time cancels this indica-
tion. MM5375XX is available in a 24-lead dual-in-line
epoxy package.

features

Single power supply
Low power dissipation

All counters resettable
Fast and slow set controls

Power failure indication

Clocks

Brightness control capability

No illegal time display at turn-on

Simple interface to gas discharge displays and LED's
Internal digit multiplex oscillator

Leading zero blanking

Activity indicator

4 to 6-digit operation

Available optionsT

application

Alarm clocks

Desk clocks
Automobile clocks
Industrial clocks
Date clocks

Minute timer clocks
Seconds timer clocks

connection diagram

Dual-in-Line Package

available options table

1.

A ' = mosec DIGIT OPTION NAME
B e | OV FEATURE FUNCTION AA | AB | AC | AD | AE | AG J AH [ AT | A
IGIT N = I Input Frequency 60 Hz . . L) . . . .
OUTPUTS 3 2 . 50 Hz d b
R BTH SEG OUT Time Display 12-Hour L] . L4 * .
2 24-Hour . . ol o
10 HRS ~—— [~ BRIGHTNESSCON | Auxiliary Counter Alarm Counter . . . . L]
Date Counter L] L]
Vpo — Lil MUX OSC Minute Timer .
Second Timer .
5 18 Alarm Signat Tone * . ® | o | NAINA|NA| ® INA[ ® | @
AUX COUNTER DIS =] 8 9
ov > 1 DC Level NA | N/A | NA N/A
o ] 18 Alarm Output Modulated at 2 Hz o e |na|lnalNAl @ Inal e | o
ALARM “OFF” = ¢ Not Modulated na | Nia| A N/A
8 7. Alarm at Power Failure | "ON"*" o | o [nafnalnal @ |nal o] e
ALARM OUTPUT =t — “OFF" NA [ NAL NA N/A
] 16 SEGMENT | Seament Output Polarity | Vg for Disptay . . o e |eofoe
SLOW SET i — 0 outeuts Vpp for Display . . 4
10 15 AM or PM Indication “OF F" During Time Display . . N/A N/A N/A | N/A
FAST SET — . — E Displayed at All Times wal o I nal o | e Inadna
" . " 8th Segment Blanked Yes N/A | NA | NIA N/A
60 Hz INPUT e —F During Alarm Display | No o | e fna|nNAlNnal o |nal e | e
Voo J2 13 * . .
55— — G Tone is 1/6 multiplex frequency

TOP VIEW

Order Number MM5375X XN
See Package 22
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MM5375XX Series

Operating Temperature

absolute maximum ratings

Voltage at Any Pin
Voltage at Any Display Output Pin

Storage Temperature
Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vgs + 0.3V to Vgg — 30V
Vsg + 0.3V to Vgg — 65V
—25°C to +70°C - T e, T

—65°C to +150°C

300°C

T A within operating range, Vgs = 0V, Vpp =21V to —29V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (VpD) ' Excluding Outputs -8.0 -29 ' v
Qutputs Driving Displays -21 -29 \
Power Supply Current Excluding Outputs 8.0 mA
60 Hz Input ‘
Frequency DC 50/60 30k Hz
Logical High Vgs-1.0 Vss Vss \
Logical Low VDD VDD Vpp+1.0 Vv
Brightness Control Range Determined by External R and C, 0 ' 95 %
% of Digit Time (Figure 2)
Multiplex Oscillator Frequency Input Determined by External R and C, DC . 30 kHz
(Figure 2) '
All Other Input \/oltages A
Logical High Level Vgs—-1.0 Vss Vss \Y
Logical Low Level VDD VDD Vpp+2.0 Vv
Power Failure Detect Voltage (VDD Voltage) -1.0 -8.0 \Y
- Output Current Vpp =—21V to —29V
Digit Select Outputs Vgs =0V
Logical High, Source VOH = Vs — 5V 8.0 mA
Logical Low, Leakage VoL = Vgs — 45V 40 HA
Segment Outputs ‘
Logical High, Source VOH = Vgg — 5V 2.0 mA
Logical Low, Leakage VoL = Vgg — 45V 10 uA
Alarm Output
Logical High, Source VQOH = Vgg - 2V ’ 1.5 mA
Logical Low, Sink VoL = VpD t 2V ) 1 HA

functional description

A block diagram of the MM5375XX series of clocks
is shown in Figure 1. The display modes are listed in
Table I. The functions of the setting controls are listed
in Table Il. The following discussions are based on
Figure 1. s

60 Hz Input (Pin 11}: A shaping circuit is provided to
square the 60 Hz input {50 Hz optional). This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 3V of
hysteresis. The shaper output drives a counter- chain
which performs the timekeeping function.

Time Setting Inputs (Pins 9 and 10): The time setting
contro! functions are affected by the application of Vgg
to these 2 pins, which are internally pulled to the power

supply. Activating Fast Set (pin 10) causes the minutes
counter to advance at a 60 Hz rate, thus clocking the

hours counter at a rate of 1 hour per second. Slow Set

{pin 9) advances the minutes counter at a rate of 2 min-
utes per second. Activating either Fast Set or Slow Set
resets the seconds counter to zero. When Fast Set and
Slow Set are activated simultaneously, all counters are
reset to 12:00 p.m. and remain in that count until Slow
Set is deactivated. The 2 time setting inputs affect only
the counters that are displayed (either the timekeeping
counters or the alarm counters).

8-Segment Test (Pin 24): For testing purposes, all
8-segment output lines may be activated by connecting

_ pin 24 (S10 digit output) to Vgs.




functional description (Continued)

Brightness Control (Pin 21): In LED applications,
brightness of the display may be varied by use of an
external time constant. This time constant is used in the
integrated circuit to control the pulse width or duty
cycle of the 6-digit enable outputs, (Figure 2). In gas
discharge applications, connect as shown in Figure 3.

Activity Indication (Pin 23): When all 6 digits are being‘

used, it is not necessary to blink the colon to indicate
operation of the clock, because the seconds digits pro-
vide this information. When only 4 digits are in use, the
S1 digit {pin 23) may be connected to Vgg. In this case,
the colon flashes at a 1 Hz rate.

Multiplex Frequency (Pin 20): Applying an external -

time constant to this pin allows the multiplex frequency
to be adjusted, (Figure 2).

Power Failure Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, the AM or PM and colon indi-
cator will flash at a 2 Hz rate. If power drops completely,

" the clock will reset itself (on resumption of power) to a
legal state, and the AM or PM and colon indicators will
flash at a 2 Hz rate. In addition to the flashing AM or
PM and colon indicator, if a power failure occurs when
alarm “OFF"" (pin 7) is at Vpp (logical 0"}, the alarm
output will be activated (non-activated optional). A
logical ““1” (Vgg) on pin 7 will deactivate the alarm
signal.

8-Segment Outputs (Pins 13—19 and 22): These outputs
contain multiplexed information for the display of
7-segment numerical readouts. The 8th segment is for
the activation of AM/PM and colon(s) as included in the
gas discharge displays for which these outputs are
designed.

4-Digit Operation: Connect pin 23 to Vss.

Digit Enable Outputs (Pin 1—-4, 23 and 24): These
outputs are used to select the 6 digits and are syn-
chronized with the segment outputs. If pin 23 is
grounded, segment outputs will be blanked during the
scanning of the seconds digits.

Auxiliary Counter: Alarm Counter Option: In this
option, the auxiliary counter is programmed and used as
an alarm counter, Pin 6 serves as both alarm display and
snooze input pin. Alarm counter is displayed when pin 6
is held at Vgg. Alarm setting (Table !l) is done using
alarm display, Fast Set (pin 10) and Slow Set {pin 9).
If the alarm “OFF" input {pin 7) is open and whenever

the real time matches with the alarm time, the alarm
comparator sets the alarm latch. This latch activates the
alarm output (pin 8). The alarm will remain activated
until the alarm “OFF" input is connected to Vsg
temporarily. This readies the alarm latch for next com-
parison. To deactivate the alarm output for more than
24 hours, the alarm “OFF" input is held at Vgg for
that long. When the alarm output is active, connecting
pin 6 to Vgs will interrupt the alarm signal for 6 to 8
minutes (snooze function). .

Auxiliary Counter: Date Counter Option: In this option,
the auxiliary counter is programmed and used as a
month and day counter. The day counter counts up to
31 days and increments the month counter. The day
counter rolls over from 31 to 1. The month counter
counts up to 12 and rolls over to 1. The date counter
can be displayed by connecting date display (pin 6) to
Vss. The effects of Fast and Slow Set controls are
shown in Table II. In this option, do not use the alarm
output (pin 8).

Auxiliary Counter: Timer Option: In this option, the
auxiliary counter is programmed and used as a timer
counter. When the display pin 6 is connected to Vgg,
the elapsed time from the previous setting is displayed.
The following sequence describes the use of the product
as a minute (or seconds) timer.

1. Hold display pin 6 at Vgs. .

2. Hold both Fast and Slow Set controls at Vss.

Note: This will reset the timer counter to 12:00 in
12-hour mode and 00:00 in 24-hour mode.

3. Release both the Fast and Slow Set controls simul-
taneously.

Note: The timer counter starts counting minutes
{or seconds).

4. if it is required to monitor elapsed time continuously,
retain the display pin 6 at Vgg. Otherwise, release
pin 6.

5. Elapsed time can be displayed any time by holding
pin 6 at Vss.

In this option, the clock can be used for up to 12 hours

(12 minutes in seconds timer) of elapsed time in 12-hour

mode and 24 hours (24 minutes in seconds timer) of

elapsed time in 24-hour mode. The effect of Fast and

Slow Set controls are listed in Table 1. In these options,

do not use the alarm output {pin 8). .

Accuracy of Elapsed Time: Elapsed time = disptayed
time £ 1 minute {or second).

TABLE |I. Display Modes

DISSPEtlssll;ngE DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4 DIGIT NO. 5 DIGIT NO. 6
Time Display 10’s of Hours Units Hours 10's of Minutes | Units Minutes 10's of Seconds | Units Seconds
Alarm Display 10's of Hours Units Hours 10’s of Minutes | Units Minutes ) [

Date Display Month ‘Month Date Date ] [}
Minute Timer Display | 10's of Hours Units Hours 10’s of Minutes | Units Minutes 4 ¢
Second Timer Display | 10's of Minutes | Units Minutes | 10’s of Seconds Units Seconds ] [
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MMb5375XX Series

functional description (Continued)

TABLE Il. Setting Control Functions

'SELECTED DISPLAY CONTROL . :
CONTROL FUNCTION
MODE INPUT
Time Display Slow Minutes advance at 2.0 Hz fate and seconds are
held at a reset (00) condition
Fast Minutes advance at 60 Hz rate and seconds are
. ' held at a reset (00) condition
Both Time resets to 12:00:00 p.m. {(12-hour mode)
or 00:00:00 { 24-hour mode)
Alarm Display Slow Alarm minutes advance at a 2.0 Hz rate
Fast Alarm minutes advance at a 60 Hz rate
Both Alarm resets to 12:00 p.m. (12-hour mode) -
or 00:00 (24-hour mode) )
Date Display Slow Date advances at a 2.0 Hz rate
Fast Date advances at a 60 Hz rate
. Both Date counter resets to 12:00
Minute Timer Display Slow Minutes (auxiliary counter) advance at a
2.0 Hz rate
Fast Minutes (auxiliary counter) advance at a
60 Hz rate ! ’
Both Timer counter resets to 12:00 (12-Hour mode)
or 00:00 (24-hour mode)
Second Timer Display Slow Seconds (auxiliary counter) advance at a
2.0 Hz rate
Fast Seconds (auxiliary counter) advance at a
) 60 Hz rate )
Both . Timer counter resets to 12:00 (12-hour mode)
or 00:00 (24-hour mode)
Vss
o—>
Voo
o—>
MULTIPLEX \
TIMING
INPUT MULTIPLEX
sn/g; OSCILLATOR
SELECT
50/60 Hz
INPUT SHAPING > PRESCALE 100ems L
CIRCUIT COUNTER A
SLOW SET
\ p—pp 10’s HAS
=" HRS
FAST SET | | seconos | 1Ol ewE AN oS wanns. | g
oy e[| e | o s oo
QuTPUT I l 10's SECONDS| OUTPUTS
MARTNE\FJ; ~ MULTIPLEXED | SECONDS J
. CODE .
ALARM
sornor convAeATon cowvaren [0,
§ :RUIIIPE‘:;; M MULTIPLEXED
i —> TSEGMENT
AUXILIARY — 1 CATHODE
‘3,‘;’;{;3 AUXILIARY COUNTER —>| b | DRIVE QUTPUTS
(o 4 —>
— 8th
T
BRIGHTNESS
CONTROL '
INPUT

PULSEWIDTH

MODULATOR CIRCUIT

FIGURE 1. Black Diagram
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functional description (Continued)

150k

. BRIGHTNESS CONTROL
. INPUT OR MULTIPLEX
FREQUENCY INPUT

T

Vss
FIGURE 2
206
JvAv‘v -
150k
oars
ALARM
ouT
vss > vgg MUX TIMING BRIGHTNESS
p—O0—0—] sLOW SET
RESET
p—O—O—] FAST SET
FV% ALARM SET (AND DROWSE)
MMS3IT5AA
b—O—0—{ ALARM OFF
v
Voo LT R |
W0 H 1M M 105 S
001 =
GAS DISCHARGE DISPLAY
LINE AM/PM AM/PM
S0/60 Hz IN )= FREQ. COLON a b ¢ d e COLON
a b Je Jda [e [t Jo " 100k (X6) 1M X7
i1 W
1 _AAA
11
|1 AAA
BRRE
N I A
T
Vss =0V I } A
Vpp =-21V to —29V 1
I
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11
1 A
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3 3 % $ 3 3 i 1 e1sev (xs) YYYYYYVYYVYY
-40V T0 O— —e
i P 91 0X6) |
: 1k -150V TO
' 4 a4k 190V
Note. LED interface — common cathode LED’s (NSN74R) can
be interfaced with MM5375AB by using two DM75491 segment
drivers, one DM75492 digit driver, eight 150 £, 1.0W resistors 1.0uF/150V 820
and a 10V power supply. Vg5 O *l |
I

FIGURE 3. Typical Application

v,
55 HIGHER
LINE
FREQUENCY O SHAPED
INPUT LINE
FREQUENCY

Voo

TRIP POINT

FIGURE 4. 50 or 60 Hz Shaping Circuit
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MMb375XX Series

functional description (Continued)

MULTIPLEX
TIMING INPUT

BRIGHTNESS
CONTROL
INPUT

DIGIT NO. 6
UNIT SECS.

DIGIT NO.4
UNIT MINS.

DIGIT NO.2
UNIT HOURS

DIGITNO.5
10°S OF SECS.

DIGITNO.3
10°S OF MINS.

DIGIT NO. 1
10§ OF HOURS

ANY
SEGMENT

8TH
SEGMENT

o [
1
[ 1
1
1
11

OFF I I

Jcoton] |coLon| | am | | em |

FIGURE 5. Output Timing Diagram




MM5376XX series clocks

geheral description

MM5376XX series clock is a monolithic MOS integrated
circuit utilizing P-channel, low threshold, enhancement-
mode and ion-implanted depletion-mode devices. It
provides all the logic required to give a 4 or 6-digit

12-hour or 24-hour display from a 50 or 60 Hz input.

An auxiliary counter allows various options. Available
options have been listed under features. Power failure
indication is provided to inform the user that incorrect
time is being displayed. Setting time cancels this indica-
tion. MM5376XX is available in a 24-lead dual-in-line
epoxy package.

features

50 or 60 Hz operation
Single power supply

Low power dissipation
All counters resettable
Fast and slow set controls
Power failure indication

Clocks

= Brightness control capability

®m No illegal time display at turn-on
m Simple interface to gas discharge displays and LED’s
® |nternal digit multiplex oscillator
® Leading zero blanking

W Activity indicator

® 4 to 6-digit operation

= Available optitJnsT
application

®m Alarm clocks

B Desk clocks- .

®  Automobile clocks

® |Industrial clocks

® Two time zone clocks

= Date clocks

® Minute timer clocks

L] S_econds timer clocks

connection diagram

Dual-In-Line Package

1 )
1N = 0sec) o
2 2 ouTPUTS
1omin — = 15ec
DIGIT
outputs | THR - 25 g1 sec out
4 25
NC = nc
10 HRs —4 |22, irgHTness con
Voo = 12 mux osc
AUX COUNTER DISP — 122 5
ALARM “0FF —] 12t ¢
ALARM 0UT = 122 A
stow seT % 19 o
SEGMENT
Fast seT -4 18\ [ outeuTs
50/60 Ha 1N 22 17 ¢
1
5060 H2 seL 24 e ¢
13 15
Vss —¢ }

TOP VIEW

Note 1: 50 Hz input at pin 12 connect pin 13 to Vpp.
Note 2: 60 Hz input at pin 12 connect pin 13 to Vgg.

Order Number MM5376 X XN
. See Package 23

available options tablel

FEATURE FUNCTION OPTION NANE
AA[AB| AD| AE | AG| AH
Input Frequency 60 Hz [ . [ L) . .
: 50 Hz o | e e . o | o
Time Display 12-Hour L] L] . . .
24-Hour .
Auxiliary Counter Alarm Counter L] L] .
Date Counter .
Minute Timer ~ .
Second Timer .
Alarm Signal Tone* o | o INA|INA] ® | NA
DC Level N/A| N/A N/A
Alarm Output Modulated at 2 Hz . o I NA|NA| ® | NA
Not Modulated N/A | N/A N/A
Alarm at Power Failure “ON" e | o | NA] N/A| ® | NA
“OFF" N/A| N/A N/A
Segment Output Polarity Vgs for Display . . . .
Vpp for Display . | e
AM cr PM Indication “OF F" During . . N/A
Time Display
Displayed at e |NAj o L]
All Times
8th Segment Blanked Yes N/A| N/A N/A
During Alarm Display No . o [ NJAf NA] & | NA

*Tone is '16 multiplex frequency
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MMb376 XX Series

absolute maximum ratings

Voltage at Any Pin

Voltage at Any Display Output Pin
Operating Temperature

Storage Temperature

Lead Temperature {Soldering, 10 seconds)

electrical characteristics

Vgs + 0.3V to Vgs — 30V
Vgs + 0.3V to Vgg — 55V
—25°C to +70°C

—-65°C to +150°C

300°C

T within operating range, Vgs = 0V, Vpp = —8V to —29V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Current Excluding Outputs 8.0 mA
50/60 Hz Input Frequency DC 60/50 10k Hz
" Logic High Vgg1.0 | Vss v
Logic Low Vpp |Vss15.0 \Y
Brightness Control Range % of Determined by External R and C 0 95 %
Digit Time (Figure 2) ’
Multiplex Oscillator Frequency Input Determined by External R and C DC 10 kHz
(Figure 2}
All Other Input Voltages
Logic High Level Vgs-1.0 Vss Vss \
Logic Low Level VpbD Vgs—15.0 \
Power Failure Detect Voltage {VpD Voltage) -1.0 -8.0
QOutput Current Levels VpD =21V to —29V
Digit Select Outputs Vgg =0V
Logic High, Source VQOH = Vgs — 5.0V 8.0 R mA
Logic Low, Leakage VoL = Vgs — 45V 40 MA
Segment Outputs
Logic High, Source VOH = Vsg — 5.0V 2.0 mA
Logic Low, Leakage VoL = Vsg — 45V 10 MA
Alarm Qutput
Logic High, Source VOH = Vss — 2.0V 1.5 mA
Logic Low, Sink VoL = Vpp + 2.0V 1.0 uA

functional description

A block diagram of the MMB5376XX series of alarm
_clocks is shown in Figure 1. The two display modes are
listed in Table |. The functions of the setting controls
are listed in Table 1. The following discussions are
based on Figure 1.

allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 3.0V

_ of hysteresis. The shaper output drives a counter chain

which performs the timekeeping function.

- 50 or 60 Hz Select (Pin 13): 50 or 60 Hz input at pin

+ 50 or 60 Hz Input (Pin 12): A shaping circuit is pro*
vided to square the 50 or 60 Hz input. This circuit

12 is selected by pin 13. 50 Hz operation is selected by
connecting pin 13 to Vpp (pin 6) and 60 Hz operation
is selected by connecting pin 13 to Vgg (pin 14).
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functional description (continued)

Time Setting Inputs (Pins 10 and 11): The time setting
control functions are affected by the application of Vgg
to these two pins, which are internally pulled to the
power supply. Activating Fast Set {pin 11) causes the
minutes counter to advance at 50 or 60 Hz rate, thus
clocking the hours counter at a rate of one hour per
second. Slow Set (pin. 10) advances the minutes counter
at a rate of 2 minutes per second. Activ?ting either Fast
Set or Slow Set resets the seconds counter to zero. When
Fast Set and Slow Set are activated simultaneously, all
counters are reset to 12:00 p.m. and remain in that
count until Slow Set is deactivated. The two time setting
inputs affect only the counters that are displayed (either
the timekeeping counters or the alarm counters).

8-Segment Test (Pin 28): For testing purposes, all 8-
segment output lines may be activated by connecting
pin 24 (S10 digit output) to Vgs.

Brightness Control (Pin 24): In LED applications,
brightness of the display may be varied by use of an
external time constant. This time constant is used in the
integrated circuit to control the pulse width or duty
cycle of the 6-digit enable outputs (Figure 2). In
gas discharge applications, connect as shown in Figure 3.

Activity Indication (Pin 27): When all 6 digits are being
used, it is not necessary to blink the colon to indicate
operation of the clock, because the seconds digits
provide this information. When only 4 digits are in use,
the S1 digit (pin 27) may be connected to Vgg. In this
case, the colon flashes at a 1.0 Hz rate.

Multiplex Frequency (Pin 23): Applying an external
time constant to this pin allows the multiplex frequency
to be adjusted. See Figure 2.

Power Failure Indication: [f the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, the AM or PM and colon
indicator will flash at a 2.0 Hz rate. If power drops

completely, the clock will reset itself (on resumption of
power) to a legal state, and the AM or PM and colon
indicators will flash at a 2.0 Hz rate. In addition to the
flashing AM or PM and colon indicator, if a power
failure occurs when alarm "OFF" (pin 8) is at Vpp
{logic ““0"), the alarm output will be activated {non-
activated optional). A logic 1" {Vgg) on pin 8 will
deactivate the alarm signal.

8-Segment Outputs {Pins 15—17, 19—22 and 26): These
outputs contain multiplexed information for the display
of 7-segment numerical readouts. The eighth segment
is for the activation of AM/PM and colon{s) as included
in the gas discharge displays for which these outputs are
designed.

4-Digit Operation: Connect pin 23 to Vgs.

Digit Enable Outputs (Pins 1-3, 5, 27 and 28): These
outputs are used to select the 6 digits and are synchron-
ized with the segment outputs. If pin 27 is grounded,
segment outputs will be blanked during the scanning of
the seconds digits.

Auxiliary Counter, Alarm Counter Option: In this
option, the auxiliary counter is programmed and used as
an alarm counter. Pin 7 serves as both alarm display and
snooze input pin. Alarm counter is displayed when

- pin 7 is held at Vgg. Alarm setting (Table ) is

done using Alarm Display, Fast Set (pin 11) and Slow
Set (pin 10). If the alarm “OFF" input (pin 8). is open
and whenever the real time matches with the alarm time,
the alarm comparator sets the alarm latch. This latch
activates the alarm output (pin 9). The alarm will
remain activated until the alarm “OFF" input is con-
nected to Vgg temporarily. This readies the alarm
latch for next comparison. To deactivate the alarm
output for more than 24 hours, the alarm “OFF'’ input
is held at Vgg for that long. When the alarm output is
active, connecting pin 7 to Vgg will interrupt the alarm
signal for 6 to 8 minutes (snooze function).

TABLE 1. Display Modes

SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4 DIGIT NO. 5 DIGIT NO. 6
Time Display 10’s of Hours Units Hours 10’s of Minutes | Units Minutes 10’s of Seconds | Units Seconds
Atarm Display 10°s of Hours Units Hours 10’s of Minutes | Units Minutes ¢ [
Date Display Month Month Date Date ¢ ¢
Minute Timer Display | 10s of Hours Units Hours 10's of Minutes | Units Minutes [} ¢
Second Timer Display 10's of Minutes { Units Minutes | 10’s of Seconds | Units Seconds ¢ []
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MM5376XX Series

functional description (cContinued)

TABLE il. Setting Control Functions

SELECTED DISPLAY | CONTROL
: CONTROL FUNCTION
MODE INPUT
Time Display Slow Minutes advance at 2.0 Hz rate and seconds are
held at a reset (00) condition :
) Fast Minutes advance at 60 Hz rate and seconds are
held at a reset (00) condition
Both Time resets to 12:00:00 p.m. (12-hour mode)
or 00:00:00 ( 24-hour mode)
Alarm Display Slow Alarm minutes advance at a 2.0 Hz rate
Fast Alarm minutes advance at a 60 Hz rate
Both .| Alarm resets to 12:00 p.m. {12-hour mode)
or 00:00 (24-hour mode)
Date Display © Slow Date advances at a 2.0 Hz rate
Fast Date advances at a 60 Hz rate
Both Date counter resets to 12:00
Minute Timer Display - Slow Minutes (auxiliary counter) advance at a
h 2.0 Hz rate
Fast Minutes (auxiliary counter) advance at'a
v 60 Hzrate
Both Timer counter resets to 12:00 {12-Hour mode)
or 00:00 (24-hour mode) )
Second Timer Display Slow Seconds (auxiliary counter) advance at a
' 2.0 Hz rate
Fast Seconds (auxiliary counter) advance at a
60 Hz rate
Both Timer counter resets to 12:00 (12-hour mode)
or 00:00 (24-hour mode)
Vss
o—>
Voo
Ot
MULTIPLEX
TIMING
il MULTIPLEX
50/60 Hz OSCILLATOR
SELECT
50/60 H2
INPUT
[o S SHAPING — 1.0 pps
l;'IRCIUIT Pcrzius::zl; : \ 4
SLOW SET
—> 10’5 HRS
B 1.0 1.0 pph 9 HRS
FASISET, L et P winoes “»| oo [—> 103, Am:l;‘l;i
I COUNTER COUNTER L Mins. DRIVE
OUTPUT ] l l 10 seconps| OUTPUTS
“U"":‘"%; | J - MULTIPLEXED L—b SECONDS
Ot . ALARM 0E
camnee coggren [ !
. 0
i i w3 | e
AUXILIARY P ¢ CATHODE
cggﬂ:c AUXILIARY COUNTER —>] > { DRIVE OUTPUTS
o——e ’ : >
—> 8th
\
T A
BRIGHTNESS
CONTROL
INPUT . PULSEWIDTH
- MODULATOR CIRCUIT

FIGURE 1. Block Diagram
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functional description (continued)

150k
BRIGHTNESS CONTROL

INPUT OR MULTIPLEX
FREQUENCY INPUT

T

Vss
FIGURE 2
20k
150k p
AT
11
A
200
. ALARM 10
. BRIGHTNE: out AA
Ves Vgg MUX- TIMING ss WA
p—O—0—] SLOW SET
RESET g
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p—O——O— ALARM SET (AND DROWSE)
MMS5376AA
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Voo e | 00 1 |
| 10 H 1M M 105 S
o —— $ 3 s s s
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2233383 ;¢z ersv YYYYYVYYY
-4V T0 O -
~50V 20k (X8) 1ns1a 0xE)
3K ~150V TO
4 4k -190V
Note. LED interface - common cathode LED's (NSN74R) can .
be interfaced with MM5376AB by using two DM75491 segment
drivers, one DM75492 digit driver, eight 150 &2, 1.0W resistors 1.04F/150V 820
and a 10V power supply. Vg5 0 + }

FIGURE 3. Typical Application
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LINE .~ TRIP POINT
FREQUENCY O O SHAPED
INPUT LINE
FREQUENCY
VoD TRIPPOINT )
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MM5376 XX Series

functional description (Continued)
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MM5377 auto clock

general description

The MM5377 Auto Clock is a monolithic MOS integrated
circuit utilizing P-channel low-threshold, enhancement
mode and ion-implanted depletion mode devices. The
circuit interfaces directly with liquid crystal 4 digit
displays and fluorescent tubes. The display format is
12 hours with leading-zero blanking and colon indication.
A voltage sensitive output is provided that drives an
energy storage network which performs as a voltage
doubler/regulator. The circuit uses a 2 MHz crystal
oscillator as the reference time base and is packaged in
a 40 lead dual-in-line package.

features

® Crystal controlled oscillator (2.097152 MHz)
" ® 12 hour display format
B Colon output

Clocks

Leading zero blanking

Hours and minutes set controls
Crystal tuner output
Voltage doubler control output
Elimination of illegal time display at turn-on
Direct interface to liquid crystal display
Direct interface to fluorescent tubes
Low standby power dissipation

applications

®  Automobile clocks

® Desk clocks

® Portable clocks

® High accuracy clocks

.o

block and connection diagrams

VOLTAGE CONVEATOR CONVERTOR

Fosc/2 MONITOR  CONTROL ORIVE Dual-In-Line Package
0
1 40
X BACKPLANE — [~y (GNITION INeUT
VOLTAGE
CONVERTOR 10 HOURS =i [ SETHOURS
HOURS Al — 5 Voo
HOURS £I — 5o SETMINUTES
HOURS GI == (S MoDE SELECT
0sC10 HOURS E} ==t oo TIME TEST INPUT
0sC2 O HOURS 0 — o st
HOURS € — 5 052
‘ HOURS 81 — — Fosc/2
: coron {31 VOLTAGE CONVERTER
SETMINUTES O——npl ’_—_T I 30 CONTROL
SET HOURS O—] N 10 MINUTES A2 —— = Vo
10MINUTES F2 =] - CONVERTER ORIVE
1
‘ l 10 MINUTES G2 ==t }— NC
14 27
10 MINUTES E2 emmed e Vss
2
(GNITION o____, “ m TOMINUTES D2 —— === VOLTAGE MONITOR
10 MINUTES €2 —rt 12 ne
17 2
10MINUTES B2 = oo MINUTES D3
MINUTES F3 = o= MINUTES C3
TEST o——»[ MODE MINUTES 63 = |— minuTES B3
mooe |40 T OUTPUT BUFFERS MINUTES £3 — L2 winures a3
SELECT Logic r .
. X
BACKPLANEO-—_] l l J> B TOP VIEW
nomuo—J
Vss O [ P
Voo O—— HOURS abcdetgaboedefgabeded oy Order Number 5377N
Vo O—— See Package 24
ce HOURS SN MINUTES e 9
SEGMENTS SEGMENTS SEGMENTS
FIGURE 1. FIGURE 2.
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MM5b377

absolute maximum ratings

Voltage at Vgg Pin
Voltage at Any Pin
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Vgg + 0.3V to Vgg — 30V
VSS +0.3V to VSS - 24V
~40°C to +85°C

—65°C to +150°C

- 300°C

electrical characteristics ‘
Ta within operating range, Vgs = 49V to +20V, Vpp = 0V, \/GG = —10V, unless otherwise specified.

PARAMETER * CONDITIONS MIN TYP MAX UNITS
Power Subply Voltage (Vgs) Oytputs and OSC Operational 8 18 20
Power Supply Voltage (Vgg) Outputs and OSC Operational -6 -8 =10 \Y
, .
Power Supply Voltage {Vgg) No Loss of Time Memory 5 18 20 Y
Power Supply Voltage (Vgg) ‘Igni{ion Open 7 9 20 \Y)
Power Supply Voltage (Vgg) Ignition Open 0 \Y%
Power Supply Current (lgg) Ignition Open 1 3 5 mA
Input Frequency 0SC 1 DC 2.097152 2.1 MHz
Frequency of Outputs Liquid Crystal Display 32 Hz
! fin =2.097152 MHz
OUTPUT CURRENTS
Display Segments Vg = +18V :
Source Current Vout = Vss = 1V 200 MA
Sink Current Vout = Vss — 17V 200 MA
Display Colon and 10’s Hours Vgs = +18V
Source Current Vout = Vss — 1V 400 MA
Sink Current Vour = Ves — 17V 400 uA
Display Backplane Vgg = +18V
“Source Current VouT = Vss — 1.2V 4 mA
Sink Current Vout = Vgs — 16.8V 4 mA
Convertor Drive Output Vgg = +10V
Source Current Vout = Vgs — 6V 500 HA
Sink Current Vour = Vgs — 8V 100 HA
FOSC/2 Source Current - . Vgg = +18V
: . " Vout = Vss — 2V 200 MA
Voltage Monitor . Zener = 16V
Source Current ) 100 uA
Trip Point 17 18 19 Vv
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functional description

A block diagram of the MM5377 auto clock is shown in
Figure 1. A connection diagram is shown in Figure 2.
Unless otherwise indicated, the following discussions are
based on Figure 1.

Oscillator 1 (Pin 34) and Oscillator 2 (Pin 33)

A quartz crystal, resonant at 2.019752 MHz, two
capacitors and one resistor, together with the internal
MOS circuits form a crystal controlled oscillator as
shown in Figure 3. Varying one of the capacitors
allows precise frequency setting. For test purposes, OSC
1 is the input and OSC 2 is the output of an inverting
amplifier.

FOSC/2 {Pin 32}

FOSC/2 is the output of the first divide-by-two stage.
This output allows frequency tuning of the crystal
oscillator without adding any additional capacitance to
the oscitlator circuit.

Set Hours (Pin 39) and Set Minutes (Pin 37)

Set Hours will advance the hours at a 1 Hz rate when
the input is held at Vg o . While setting hours, the minute's
counter may also advance the hours count. Set Minutes
will advance the minutes at a 1 Hz rate, hold the internal
seconds counter reset and cause the colon to blink at
1 Hz rate when the input is held at Vpp. Depressing
both switches at the same time shall cause the clock to
initiate a hold and not advance until the switches are
released.

Mode Select (Pin 36)

Ignition Input (Pin 40)

The Ignition Input enables setting of the clock using the
set hour or set minute inputs, and enables the drive to
the display and the voltage doubler. When the input is
at a voltage greater than 50 percent of the Vsg supply
the -time set, display and voltage doubler are enabled.
When the input is open circuited or at Vpp, the time set,
display and voltage doubler are disabled. The display
outputs and backplane drive are held to Vpp when the
display is disabled. This input does not affect the accu-
racy of the time keeping logic in any manner,

Voltage Converter Control (Pin 31)

The Voltage Converter Control input enables the voltage
doubler to operate regardless of the state of the ignition
input when it is at Vpp. When the input is open
circuited or at Vgg, the voltage doubler is controlled by
the ignition input. .

Output Circuits

The Converter Drive output and all display outputs are
push-pull stages with sources common to Vgg (Pin 27)
and drains common to Vpp (Pin 38) as shown in
Figure 5. FOSC/2 output is a open-drain stage with the

" source common to Vgg as shown in Figure 6. Figure 8

Mode Select determines the shape of the output wave

form as shown .in Figure 4. With the input open or at
Vpp, the output wave form is a 32 Hz square wave.
Segments to be energized have the 32 Hz square wave
180° out of phase with respect to the backplane 32 Hz
square wave. Segments not to be energized have their
outputs in phase with the backplane output. With the
mode select input at Vgg, the outputs are at a constant
level. Segments to be energized are at Vgg, and segments
not to be energized are at Vpp.

Time Test' Input (Pin 35)

Time Test Input causes the circuit to cycle through a
12 hour period using an internal clock of 65536 Hz
instead of 1 Hz to increment the seconds counter when
the input is at Vgg. The input also causes the mode of
the outputs to change from 32 Hz square wave to
constant levels,

illustrates the interfacing between the clock and a liquid
crystal display and the clock and fluorescent tubes.
When driving fluorescent tubes, Vgg can be connected
to Vpp.

Converter Drive (Pin 29) a’nd Voltage Monitor (Pin 26)

The Converter Drive output oscillates at 65.636 kHz.
The duty cycle of the wave depends on the state of the
Voltage Monitor input pin as shown in Figure 7. With
Vss on the input pin, the duty cycle of the output wave
is 50%, which enables the voltage doubler. Once the
input pin is a few volts above the zener breakdown
voltage of its’ zener diode (Figure 8), the duty cycle of
the output is 0% or held at Vpp, which disables the
voltage doubler. Therefore, the duty cycle of the output
wave form varies from 50% to 0% as the voltage at the
voltage monitor input pin varies. Therefore, the voltage
to the chip is regulated about 2V above the zener break-
down voltage.

Colon Output (Pin 10)

The colon output indicates the clock is counting by
blinking at a 1/2 Hz rate. When setting minutes, the
colon blinks at 1 Hz rate.
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MM5377

typical applications
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FIGURE 3. Crystal Oscillator
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FIGURE 4. Output Timing Diagrain
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typical applications (con‘t)
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MM5378, MM5379

MM5378, MM5379 auto clocks

general description

The MM5378 and the MM5379 auto clocks are
monolithic MOS integrated circuits utilizing P-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. The MMB5378 circuit interfaces
with vacuum fluorescent 4-digit displays. The MM5379
circuit interfaces with gas-discharge 4-digit displays.
The display format is 12 hours with leading-zero
bianking and colon indication. The time keeping
function operates from a 2 MHz crystal controlled or
externally applied source.

features

®m Crystal-controlled oscillator (2.097152 MHz)
®m  12-hour display format
= Blinking colon output

Clocks

Leading-zero blanking

Hours and minutes set controls.

Brightness control capability

No illegal time display at turn-on

Simple interface to vacuum fluorescent and
discharge displays

‘@ Low standby power dissipation

applications

Automobile clocks
Desk clocks
Portable clocks

[}
n
|
® High accuracy clocks

gas

connection diagram

Dual-in-Line Package

U s
b= L= 4
MULTIPLEXED 2 17 ’
SEGMENT { ¢ —} [—¢ | muLTiPLEXED
0UTPUTS 3 16 f SEGMENT
a— =+ [ oueuts
4 15
COLON — =
oscz—  MMsaOR LMoy
MM5379
6 13
0SC 1 — [— Voo
|
BRIGHTNESS" 7 112 1
INPUT DIGIT ENABLE
el 18,0 [ OUTPUTS
DIGIT ENABLE "= .
9 [
outeuts 3 9] LI
TOP VIEW
Order Number MM5378N
or MM5379N

See Package 20

block diagram

oscxé I 0sc l—>| 2,097,152 '—‘—bl <60 SEC 60 MIN <12 HOURS
osc2 -
i
1PPS f—0 M1
1.

MULTIPLEXER pigiT O M0
xe oUTPUT oy
O K10
O—> 3
SWITCH SWITCH b
N DECODE o
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FIGURE 1.
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absolute maximum ratings

Voltage at Any Pin
Voltage at Any Display Output or

Switch Input Pin (MM5379 Only)

Operating Temperature
Storage Temperature

Vss + 0.3V to Vsg — 25V
Vgs + 0.3V to Vgs — 55V

—40°C to +85°C
-65°C to +150°C
300°C

Lead Temperature (Soldering, 10 seconds)

electrical characteristics Ta within operating range, Vgs = 9V to 20V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (Vgs) QOutputs and Osc. Operational 9 20 \Y
Power Supply Voltage (Vgs) No Loss of Time Memory 5 25 \%
Power Supply Current (Igg) No Output Loads 1 5 mA
Input Frequency {Osc. 1 or Osc. 2) dc 2.097152 2.1 MHz
Oscillator Input Voltage - (Note 1)
Logical High Level Vgs—1.56 Vss \%
Logical Low Level Vgs—5.5 \
Switch In Voltage (MM5378) ] .
Logical High Level Internal Depletion Device to Vss-1.5 .Vss Vss \%
Logical Low Level Vss VbbD Vss—5 \
Switch In Voltage (MM5379)
Logical High Level Internal Depletion Device to Vss—5 Vss \
Logical Low Level Vss ’ ' Vgs—25 \
Output Currents {(MM5378)
Digit Outputs
Logical High Level VOH = Vss — 1V 8.0 mA
Logical Low Level VoL = VbD 40 MA
Segment Outputs .
Logical High Level VOH =Vss — 1V 20 mA
Logical Low Level VoL = VDD 10 uA
Qutput Currents (MM5379)
Digit Anode Outputs . :
Logical High Level VOH = Vss — 5V 8.0 mA
Logical Low Level VoL = Vss — 45V 40 UA
Segment Cathode Outputs
Logical High Leve VOH = Vss — 5V 20 mA
Logical Low Level VoL = Vss — 45V 10 UuA

Note 1:
to Vgs.

functional description

A block diagram of the MM5378 and the MM5379
auto clocks is shown in Figure 1. Connection diagrams
for these devices are shown on the front page. Unless
otherwise indicated, the following discussions are based
on Figure 1.

Crystal Oscillator: A quartz crystal, resonant at
2.097152 MHz, two capacitors and one resistor, together
with the internal MOS circuits form a crystal-controlled
oscillator as shown in Figure 2. Varying one of the
capacitors allows precise frequency setting. For test
purposes, Osc. 1 is the input and Osc. 2 is the output
of an inverting amplifier. '

Time Setting: Tim¥ setting is accomplished via the
switch input pin. If this input is a logic high during the
M1 digit time, the minutes counter will advance at a
2 Hz rate with no carry to hours counter and will also
cause seconds counter to reset. If the switch input is a
logic high during the M10 digit time, the hours counter
will advance at a 2 Hz rate, minutes and seconds counter
will continue in real time. If the switch input is a logic
high during H1 digit time, seconds, minutes, and hours
counters will reset to 12:00:00. If this input is a logic
high during H10 digit time, a test mode will exist in
which the minutes counter will advance at a 65.536 kHz
rate with carry to hours counter (see Figure 3). An

These are the input levels required if an external oscillator input is preferred, using Osc. 2 (pin 5) as the input while holding Osc. 1 (pin 6)
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MM5378, MM5379

functional description (Continued)

l Vss
b—sl—{ MOS CIRCUIT
I T
p—> DIVIDER
== | I CIRCUITS
= 3 ]
T 1
S Voo
- L M
T !

FIGURE 2. Crystal Oscillator

internal pull-up resistor to Vgg provides normal time-
keeping.

Output Multiplex Operation: Outputs from the appro-
priate internal counter are time division multiplexed at
a 2048 Hz rate. The MM5378 and MM5379 provide
12 outputs (4 digit-anode drive outputs plus 8 segment-
cathode drive outputs). The additional "segment’ drive
is provided to accommodate displays which feature a
colon. The colon output is switched at a 1/2 Hz rate to
provide a blinking colon as a short-time indication that
the clock is operating.

When driving vacuum fluorescent displays which enclose
more than one digit in a common gas envelope, it is
necessary to either (1) inhibit the segment drive

DIGIT ENABLE
UNIT MINS

DIGIT ENABLE

UNIT HOURS I m I
DIGIT ENABLE
TEN'S MINS M0
DIGIT ENABLE
TEN'S HOURS H1o
SELECTED MODE FUNCTION
swirchiv VH—— e SETMINUTES » - ++.  MINUTESCOUNTER ADVANCES AT 2 Hz RATE. .
WAVEFORM v HOURS COUNTER UNAFFECTED. COLON HELD “ON ",
—] e 4885
v,
switchiv Vo I e e M RESETe e+ e...  TIMESETANDHELD AT 12:00:00.
WAVEFORM COLON HELD “ON *.
— |4 366us
VH
SWITCH IN r I e o SETHOURS « « + ++.  HOURSCOUNTER ADVANCES AT 2 Hz RATE.
WAVEFORM MINUTES COUNTER UNAFFECTED. COLON BLINKING.
el 22
swircHin VH MINUTES COUNTER ADVANCES AT 65.536 kHz RATE WITH COMPLETE
e in B e T VAN
v CARRY. COLON HELD “ON" AT 65.536 kHz RATE.
vy — A
SWITCHIN N NORMAL TIME KEEPING
l l MORE THAN ONE | l . .. RN .
WAVEFORM ce REALTIME « « « » « COLON BLINKING.
Vi
SWITCH IN WELD ATV . NORMAL TIME KEEPING.
WAVEFORM v, H . * * REALTIME « - .« COLON BLINKING.
il
Vi
SWITCH IN et es s RESET +es...  TIMESETANDHELD AT 12:00:00.
WAVEFORM : COLON HELD "ON ”.
_ HELD AT V[

I

voltage(s) for a short time during inter-digit transitions,
or (2) avoid physical adjacent inter-digit transitions.
The MM5379 auto clock utilizes an interlaced output
sequence and inter-digit blanking circuitry to prevent
display arcing problems. The digit sequence is: (1) digit
no. 4 (unitminutes), (2) digit no. 2 (unit hours), (3) digit
no. 3 (ten’s of minutes), (4) digit no. 1 (ten’s of hours),
etc. Blanking intervals are provided to‘recharge levei-
translating capacitors located in the display segment
drive lines (Figure 6). Both segment data and digit
enables are blanked. Figure 4 is a timing diagram which
illustrates output timing for the MM5379. Figure 5 is a
timing diagram which illustrates output timing for
the MM5378. -

Brightness Control: Since display brightness is a func-
tion of cathode segment current, a capability of inter-
rupting this current for a variable percentage of the
digit interval results in a brightness control. Depending
on the magnitude of the voltage applied, the digit
“ON" time will vary from 0% to 100% of its possible
period. in 8 1/3% increments. This is illustrated in
Figures 4 and 5.

Output Circuits: All display output drivers, both digit
and segment outputs, are open-drain enhancement
devices (Figure 6). Thus, all outputs are capable of
sourcing currents while external pull-downs are required
to sink currents. Figure 7 illustrates method of inter-
facing these outputs to gas discharge displays.

FIGURE 3. MM5378, MM5379 Setting Control Functions




functional description (Continued)
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FIGURE 4. MM5379 Output Timing Diagram
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v
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—m [t— 366us N
DIGIT NO.3 — Vgg
TEN'S MINS v-
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TEN'S HOURS 1 v-
4
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ANY ]
( SEGMENT y Vs
33.3%
BRIGHT ore ] ﬂ n__
L oN on ON
(100 oN on LI on Vs
BRIGHT ] L L ———v-
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33.3% J"I n n n Vss
[BRIGHT I l
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FIGURE 5. MM5378 Output Timing Dfagram
{
MM5379
Vss
Q (DATA)
TYPICAL DIGIT
Vop 0R SEGMENT
(OPEN DRAIN) ~ OUTPUT

FIGURE 6, Output Circuits

1-41

6LESININ "8LEGSININ



MM5378, MM5379

functional description

(Continued)
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FIGURE 7. Typical Application for MM5379
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- Clocks

MM5382, MM5383 digital calendar clock radio circuits

general description

The MM5382 and MM6383 digital calendar clock -

Leading zero blanking

circuits provide the timing, control, and interface ® 24-hour alarm setting
cnz{untry for a minimum-cost, solid state, digital clock ® Power failure indication (the word “OFF* is displayed
radio. in MM5382 and all “ON"’ digits blink in MM5383
. . o . . n 1
The timekeeping function operates in either a 12-hour Bnghtr}ess control
or a 24-hour mode. The MM5382 is the 12-hour version, ™ Date display (4 year calendar)
and has a month-date format; the MM5383 is the 24-hour ® Presettable 59-minute sleep timer
version, and has a date-month format. m Alarm display
i . . B Fast and slow set sleep and alarm
Outputs consist of a presettable 59-minute sleep timer .
. X ® 9 minute snooze alarm
(e.g., a timed radio turn-off} and an alarm tone. A power o
failure indication warns the user that the time displayed = Blinking colon
may be in error. m Alarm “ON""indication (MM5382 only)
N = Alarm tone output
Other features include: ala.rm.display; brightness control; ® No illegal time or date display at turn-on
24-hour alarm set; PM indication; fast and slow set
controls; and a 9-minute snooze alarm. (The MM5383 . .
has an alarm “ON"” indicator.) Both circuits provide appllcatlons
open drain outputs for the direct drive of LED displays
to 15 mA. m Alarm clock
® Desk clock
® Clock radios
features
» Stop watch
® 50 or 60 Hz operation ® Industrial clock
® 12 hour, month-date (MM5382) or 24 hour, date- ™ Portable clock
month {MM5383) display u Timer
® PM indication (MM5382) m Sequential controllers
connection diagrams
Dual-In-Line Package Dual-in-Line Package
Nc—1- -q-tLlOHRS~b 10 HRS—e—Il iIDHRS—d
pm—2 139 10 mRs —c 10 HRS — g =i 13 0 R -
3 38 3
NC—;— ?HR—-E 10 HRS — g e ?Hﬂ—z
BRIGHTNESS REF. CUTPUT ==y P=—=HR - d 10 HRS — b=t I;—HR d
< ALARM OUTPUT sy -J—E-HR-c BRIGHTNESS REF. QUTPUT =i p——HR - ¢
SLEEP QUTPUT ===y -;%'HR—Q " ALARM QUTPUT=——] -%‘E-HR ]
* 50/60 Hz DRIVE === =—HR - b SLEEP QUTPUT meee ?Hﬂ—h
50/60 Hz SELECT weeed —;K—HR—a 50/60 Hz DRIVE =t ?Hﬂ—a
Vgs— 2 R ¢ 50/60 Hz SELECT— LT
kil 10 31
VD=l —coLON Vg =] f—cOLON
1 An5382 30 1 MM5383
DATE DISPLAY/ADVANCE— —10 MINS ~ b Voo ;] —1omins - b
ALARM ON/OFF—p P10 MINS - a DATE DISPLAY/ADVANCE =1 p——=10 MINS - a
ALARM DISPLAY, SET/SNQOZE =t p——10 MINS - f ALARM ON/OFF == —10 MINS — f
SEQUENCE/SLEEP DISPLAY =vend f—10MINS - g ALARM DISPLAY, SET/SNOOZE =1 [——10MINS — g
BRIGHTNESS REF. INPUT vewend preee 10 MINS — & SEQUENCE/SLEEP DISPLAY == =10 MINS ~ ¢
ALARM “ON "’ INDICATOR ——4 -Z—S-'IIJ MINS - d BRIGHTNESS REF.INPUTT‘ p==10 MINS — d
MIN — f =——p F—10 MINS - ¢ MIN—VTB‘ pm=10 MINS —
MIN — g wenmg po=MIN ~ & MIN — 3=y [——MIN-—e
MIN — b s praree MIN — d MIN — b = e MIN — d
MIN — g = —MIN - ¢ MIN ~ g =i foee MIN — ¢
- TOP VIEW TOP VIEW
Order Number MM5382N Order Number MM5383N
See Package 24 See Package 24
FIGURE 1
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MM5382, MM5383

absolute maximum ratings-

Voltage at Any Pin except Segment,

Colon, and PM
Voltage at Segment, Colon, and PM
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Maximum Power Dissipation
Electrical Characteristics
TA within Operating Range

Functional Clock Voltage

electrical characteristics

Vgs +0.3V to Vgg —28V

Vgg +0.3V to Vgg —10V
—-25°C to +70°C

~65°C to +150°C

300°C

1 Watt

Vgs = +18V to +26V, Vpp =0V,

with specified output drive
unless otherwise specified

Vgs = +8V to +26V, Vpp =0

(No output drive spec)

TYP

loUT (25 Segments) = 15 mA
T=70°C v
VouT = Vss 2V

PARAMETER CONDITIONS MIN MAX UNITS
Power Supply Current No output levels
Vgs = 8V 4 mA
Vsg = 26V 5 mA
50/60 Hz Input
Frequency DC 50 or 60 30k Hz
Voltage Vgg =18V
Logical High Level Vgs—1 Vss Vss
Logical Low Level VoD VoD Vpp+1
Switch Input Voltages
(Date, Sequence, Alarm
Enable, Alarm Display)
Logical High Level ‘ Vgs—1 Vss Vss
Logical Low Level (1) Nominal Floating Level Vgs—3 Float Vgg—6 \%
Logical Low Level (2) VDD VbD Vpp+2 \
~All Other Input Voltages
Logical High Level Vgs—1 Vss' Vss'
Logical Low Level Internal Depletion Load Vgs—15
to VpD
Power Failure Detect Voltages (Vgs Voltage) 1.0 8.0 \Y
Output Currents: Vgg = 18V to 26V, Vpp = 0V
All Se_gments and Colon ’
Logical High Level, Source VOH = Vss —2V 15 mA
Logical Low Level, Leakage VoL = Vss —10V 10 HA
PM Indicator and Alarm Indicator .
Logical High Level, Source VOH = Vss 2V 15 mA
Logical Low Level, Leakage VOH = Vgg 10V 10 HA
Alarm and Sleep Outputs
Logical High Level, Source VOH = Vss 2V 2 mA
Logical Low Level, Sink VOH = Vgg —15V 500 HA
Alarm Qutput Tone Vgg = 18V to 26V 400 2000 Hz
Frequency Modulated with 2 Hz
Total Power Dissipation Vgg =26V, Vpp =0V 830 mW
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block diagram

SLEEP 50/60 He 50/60 Hz
out DRIVE SELECT
oo |
Vpp O——
0o SHAPING . 50DR - 60
CIRCUIT ’

1PPS

==

-
ALARM DISPLAY,
SET ORSNOOZE P L T reem [ TIME TIME DAY — 0IGIT4
MINUTES HOURS COUNTER
DisPLAY COUNTER COUNTER COUNTER cope  p—P0iiTa
AND CONVERTER
SEQUENCE OR
SET AND  |— coLON
SLEEP DISPLAY CONTROL L ouTPUT
LoGIc __| l PAONHJ I “"M-JI> ORIVER | pigiT2
SLEEP ALARM COMPARATOR
DATE DISPLAY COUNTER
oRADVANCE ] [IREUITS > ol
ALARM
l SLEEP > inoicaToR
STEEP ALARM ALARM
INTERNAL OSCILLATOR DowN MINUTES HOURS
LED LED
ALARM TONE CURRENT  REF
oUTPUT CONTROL OUTPUT
FIGURE 2.
TABLE 1. Display Modes and Setting Contro! Functions
DATE DISPLAY/ ALARM DISPLAY — SEQUENCE/SLEEP
FUNCTION STEP
ADVANCE SET/SNOOZE DISPLAY
Display Time 1 Float Float Float
Set Time 1 Float Float Momentary connect to VDD
for each step of setting time
and calendar
2 VDD Float Float
Display Alarm 1 Float Connect to Vpp Float
for < 2 seconds
Set Alarm:
2 Hz Rate 1 Float Connect to Vpp Float
for > 2 seconds
60 Hz Rate 2 VpD Vpp Float
Display Steep 1 Float ' Float Connect to Vgg for <2
seconds
Set Sieep:
2 Hz Rate 1 Float Float Hold Vgg for > 2 seconds
(Advances at 2 Hz Rate)
60 Hz Rate 2 N VpD (Advances at 60 Hz Rate) Float Vss

functional description

Connection diagrams for tie MM5382 and the MM5383
Digital Clock Radio Circuits are shown in Figure 1.
A block diagram of these devices is shown in Figure 2.
Unless otherwise indicated, the following discussions
are based on Figure 2. Figure 3 shows the general
purpose alarm clock and procedure to set the time,
month, day, alarm and sleep counters. Table | shows
the display modes and setting control functions.

50 or 60 Hz Drive: A shaping circuit is provided to
square the 50 or 60 Hz input. This circuit allows use of a
filtered sinewave input. The circuit is a Schmitt trigger
that is designed to provide about 4V of hysteresis. A
simple RC filter should be used to remove possible line-
voltage transients that could either cause the clock to
gain time or damage the device. The input should swing
between Vgg and Vpp. The shaper output drives a
counter chain which performs the timekeeping function.

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either 50 or
60 to obtain a 1 Hz base. This counter is programmed
to divide by 60 simply by leaving the pin unconnected; a
pull-down to Vpp is provided by an internal resistor.
Operation at 50 Hz is programmed by connecting this
input to Vss.

Alarm Operation: The internal alarm comparator senses
coincidence between the alarm counters (the alarm
setting) and the time counters (real time). The comparator
output is used to set a latch in the alarm and sleep cir-
cuits. The alarm latch remains set for 59 minutes during
which time the alarm or radio will-sound if the latch
outputs are not temporarily inhibited by another latch
set by the snooze input or reset by the alarm “OFF"
input. .
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MM5382, MM5383

functional description (Continued)

Alarm ON/OFF/RADIO Input: Momentarily leaving this
input unconnected resets the alarm latch and thereby
silences the alarm. This input is also used to determine
if the alarm or the sleep output will be enabled when the
alarm latch is set. By connecting the input pin to Vpp,
both the alarm output and the sleep output (radio) are
enabled when the alarm latch is set. If the input pin is
connected to Vgs, only the sleep output (radio) is
enabled when the alarm latch is set. Momentarily leaving

this pin unconnected also readies the alarm latch for the

next comparator output, hence, the alarm will auto-
matically sound again in 24 hours (or at a new alarm
setting). If it is desired to silence the alarm for a day or
more, the Alarm ON/OFF Radio input pin should re-
main unconnected.

Alarm Output: The alarm output signal is a tone of from
400 Hz to 2000 Hz, which is gated on and off at a
2 Hzrate.

Alarm Display, Set/Snooze: Momentarily connecting this
pin to Vpp when the alarm and sleep outputs are dis-
abled displays the alarm setting for 1.5 to 2 seconds. The
display shows the hours and minutes of the alarm setting,
a constant colon and a PM indication if the clock is in
the 12 hour mode. If the input pin is held to Vpp for
longer than 2 seconds, the minutes of the alarm counter
start to advance at a 2 Hz rate. To increase the rate that
the alarm counter is set at, also -connect the Date/
Advance input pin to Vpp. The minutes of the alarm
counter will now advance at a 60 Hz rate. By momen-
tarily connecting the input pin to Vpp when the alarm
or sleep output is enabled, snooze is enabled for 8 or 9
minutes. Snooze inhibits the alarm output for between
8 and 9 minutes, after which the alarm output is enabled
again. Snooze has no effect on the sleep output. The
snooze feature may be repeatedly used duringthe 59
minutes in which the alarm latch remains set. Momen-
tarily connecting this input pin to Vpp when the clock
is in the power failure mode stops all power failure
indications and displays alarm. If this pin is connected to
Vgs and date advance pin is connected to Vgs, the clock
is in a test mode. All outputs are enabled and time and
alarm are set to 12:00 AM, the date is set to the 12th
month and the 1st day, and the sleep counter is set to
00 minutes. If the Alarm Display, Set/Snooze is at Vgs,
all outputs and inputs are disabled except 50/60 Hz
Select and 50/60 Hz Drive. '

Sleep Timer and Output: The sleep output can be used
to turn off a radio after a desired interval of up to 59
minutes. The time interval is chosen by selecting the
sleep display mode and setting the desired time interval.
This automatically results in a current-source output,
which can be used to turn on a radio (or other appliance).
When the sleep counter, which counts downwards, reaches
00 minutes, a latch is reset and the sleep output current
drive is removed, thereby turning off the radio. This
turn-off may also be manually controlled {at any time in
the countdown) by a momentary Vpp connection to
the Alarm Display, Set/Snooze input.

Sequence/Sleep Display and Set: If left open, time or
the counter to be set is displayed. Momentarily con-
necting this pin to Vgg displays the sleep counter for
1.5t0 2 seconds. If after 2 seconds the pin is still at Vgg,
the sleep counter will decrement at a 2 Hz rate. To

increase the rate at which the sleep counter is decre-
mented, also connect the Date/Advance pin to VDD.
The sleep counter will now decrement at a 60 Hz rate.
Momentarily connecting the Sequence pin to Vpp steps
the clock through'its set modes. There are 6 states; they
are real time, set hours, set minutes, set month (12 hour
mode), set day {12 hour mode), and the holding state.
When real time is displayed, a momentary connection
to Vpp advances the clock to the set hours state. In this
state, hours are displayed, minutes are blanked, the colon
is constant, and an A or Pis displayed in the unit minutes
position if the clock is in the 12 hour mode. To set

- hours, the Date/Advance pin is connected to Vpp. The

next time the Sequence pin is connected to Vpp, the
clock is advanced to the set minutes state. In this state,
the minutes are displayed, the hours are blank, the colon
is constant and the PM indication is displayed if the
clock is in the 12 hour mode and set for PM. The next

_state the clock advances to is the set left state. In the

12 hour mode, this is a month set state. For the 24 hour
mode, this is a day set state. In this state, the left two
digits of the display are shown, the colon and the right
two digits of the display are blank. The next state the
clock advances to is the set right state. In this state,
the day in the 12 hour mode or month in the 24 hour
mode is displayed in the right two digits of the display.

PMDOT
[ ]
LAJ O
(— N — o o | a—
( :—\—I coLon | j— —
—t 2__ N i,
HOURS MINUTES
MM5382 MONTH f DATE
MM5383 DATE MONTH

SETHOURS

SETMINUTES

[
H |:l SETMONTH
MM5382
—
SET DATE
UH:! MM5383
| s
SET DATE
MM5382
L ;
i: H SET MONTH
— Mm5383
— —)]
Ll e I
3 | R wn | I PUE
1) 1 1
——

Time and Date Display Format in ‘Set” Mode
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functional description (Continued)

The left two digits and colon are blank. The next transi-
tion on the Sequence input displays. real time if the
minutes were not set. If the minutes counter was set,
the next state the clock advances to is the holding state.
In this state the time and the colon are blinking at a
2 Hz rate and held to the set time. To leave the holding
state, the Sequence Input is connected to Vpp momen-
tarily. If the clock remains in any state except the
holding state for more than 10 seconds without being
set, the clock will automatically advance to real time or
the holding state if minutes were set.

Note: Time set mode should not be initiated while in
alarm or sleep display 2 second time out. Time set mode
should be sequenced only when the clock displays real
time.' . .

Date/Advance Input: |f left open, this input has no
effect on the clock. Momentarily connecting this pin to
Vpp displays  the date for 1.5 to 2 seconds if the clock
was not in a set state. |f after 2 seconds the input pin is
still at Vpp, the date remains displayed until the input
pin is released. If the Date/Advance pin is connected to
VDD when the clock is in a set mode, the counter dis-
played will advance at a 2 Hz rate until the pin is released.
Connecting this input pin to Vpp when the sieep counter
or the alarm counter is displayed advances the displayed
counter at a 60 Hz rate. If the Date/Advance pin is con-
nected to Vgs, the seconds counter is bypassed and
minutes counter advances at a 1 Hz rate.

Colon: The colon output blinks at a 1 Hz rate in the run
mode. It is constant during set hours and minutes, and
alarm display. The colon is blank for date display. The
colon blinks at a 2 Hz rate in the holding state.

| meaLTime anp
DATE SETTINGS

SEQUENCE
HOUR DISPLAY
A

10 SECONDS
{ADVANCE FLOATING) l [

.
R <
K3
e
3 seauence
10 SECONDS | MINUTE DISPLAY
(ADVANCE FLOATING)
sIZ T
55 “ADVANCE"
AT Vp
SEQUENCE SETS AT
10 SECONDS Hz RATE
(ADVANCE FLOATING)|  LEFT DISPLAY
MONTH MM5382
. lsmuemcz
10 SECONDS
(ADVANCE FLOATING)|  RIGHT DISPLAY
MMS5382 DAY

L

YES

HOLDING STATE
SEQUENCE TIME
BLINKS AT

2 Hz RATE

Time and Date Set Flow Chart
MM5382, 12-Hour Mode ..

Alarm Indication Output: Whenever the alarm is enabled,
the Alarm Indicator output is turned on. It is used to
indicate to the user that the alarm has been set.

PM Output: The PM Output is available only in the
MM5382. This output is enabled only when time or
alarm are displayed.

Power Failure Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of the correct time, in the MM5382

_the word ‘OFF’ is displayed blinking at a 2 Hz rate, in

the MM5383 all the ‘ON’ segments blink at 2 Hz rate
and the colon is blank. Momentarily connecting the
Alarm Display Set/Snooze input to Vpp displays first
the alarm for 1.5 to 2 seconds and then real time. In
addition, if the alarm was “ON’" the Alarm “ON/OFF"”
input should also be momentarily connected to Vpp.

LED CURRENT CONTROL INPUT AND
REFERENCE OUTPUT

Pin (15) MM5382, pin (16) MM5383 controls the gate
voltage at all the display outputs and the reference device.
The output drives can be disabled by connecting pin 15
MM5382, 16 MM5383 to Vgs. This wire-OR capability
allows the display to be used for other functions (e.g.,
temperature). The output current can be controlled two
ways; 1) driving the output in saturated mode; 2) driving
the output in linear mode. (Refer to Figures 4 and 5.)

1. The reference device pins (4, 15) MM5382 (5, 16)
MMB5383 are connected as diodes and an external
resistor -is used to set the desired current in these
diodes (see Figure 4). The segment drivers of all
digits are connected as current mirrors. The drain

REAL TIME AND
DATE SETTINGS

SEQUENCE

HOUR DISPLAY

10SECONDS{ | — »
(ADVANCE FLOATING)| | [T «
oR <
| -
-
lSEﬂUENCE

10 SECONDS | MINUTE DISPLAY
(ADVANCE FLOATING)

Naln | |
- “ADVANCE"
TV
ls[ﬂUENCE SAETSDAI%
10SECONDS 2Hz RATE
(ADVANCE FLOATING)|  LEET DISPLAY [
DAY MM5383
l‘smuzucz
10 SECONDS
(ADVANCE FLOATING)] RIGHT DISPLAY
MM5383 MONTH

>

YES

HOLDING STATE
SEQUENCE TIME
BLINKS AT
2 Hz RATE

Time and Date Set Flow Chart
MM5383, 24-Hour Mode
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MM5382, MM5383

functional description (Continued)

voltage V1 of the segment drivers is selected such
that these. devices operate in saturation mode.
Since the drain current variation in saturation
mode operation of the MOS device is relatively
constant, the segment drive current does not vary
significantly, even though V1 is increased con-
siderably. However, as the voltage across the output
buffers increases, average power dissipation also
increases linearly. This technigue of current control
is recommended to be used only with low current
LEDs (1—7 mA).

2. The high current drive requirement of large LED
displays can be accomplished by operating the
segment drivers in the linear mode. The circuit
for-high current LED drivers is shown in Figure 5.
The reference output device is used in series with

a reference LED, diode and current setting resistor. -

A high beta PNP transistor provides the: current
drive for all the segments. A reference voltage V3
is ‘developed which compensates for variations in
MOS process parameters and the variations in the
voltage drop across the LED. The resistor sets the
current in the reference LED which sets the
referen‘ce‘ voltage V3 which in turn sets the current
in the LEDs equal to resistor current minus the
base current of the transistor. Variation in second
supply voltage does not vary the LED currents so
long as the PNP transistor is kept operating in the
linear mode. Full wave rectified power supply
without any filtering’ can be used as a second
supply voltage V2. The LED brightness can be
varied by using a variable resistor.

Figure 6 shows a LED drive circuit which uses a single
resistor. The resistor controls the total current flowing
through all the segments. Brightness shall vary depending
on number of segments that are “ON"’ at that time.

Radio Frequency Interference: All display outputs in-
clude circuitry to slow up the switching transition time
to minimize radio frequency interference. -

Clock Set Up Procedure: (MM5382)

1.
2.
3.

Connect 110V supply.

Blinking ‘OFF’ displayed.

Momentarily connect alarm display set/snooze pin
(13) to Vpp which removes “OFF" and displays
first the alarm for 1.5 to 2 seconds, then real time.

. Momentarily connect alarm “ON/OFF” to Vgs.
. Wait till the colon starts blinking. (Approx»mately

2 seconds.)

. Time setting

a. Momentarily connect sequence pin (14) to Vpp
display shows hour and AM or PM. Connect
advance pin (11) to Vpp to advance hour.

b. Connect pin {14) momentarily to Vpp display
shows minutes, connect pin {11) to Vpp and
set minutes.

c. Connect pin (14) momentarily to Vpp display
shows month, connect pin {11) to Vpp and
set month.

d. Connect pin (14) momentarily to Vpp display
shows date, connect pin (11) to Vpp and set
date.

e. Connect pin (14) momentarily to Vpp and the
real time is displayed at:2 Hz rate.

f. Connect pin (14) momentarily to Vpp again

 and real time is displayed contmuously

. Alarm setting

a. Connect alarm display pin (13) to Vpp and
hold it for more than 2 seconds.. Alarm minutes
will advance at slow rate.

b. Connecting pin (11) and pin {13} to Vpp
simultaneously will advance the alarm time at a
fast rate.

c. Set the desired alarm time.

. Sleep time setting

a. Connect, sleep display, pin (14) to Vss and
hold it for more than 2 seconds. Sleep time will
decrement at slow rate.

b. Connecting pin (11) and pin (14) to Vpp
simultaneously will decrement the sleep time at
a fast rate.

" c. Set the desired sleep time.
9.

Connect pin 12 to Vpp to activate alarm.

Note: Time and date setting must be done only in the
real time display mode. .

|

O Vpp

Vss

1Hz RATE ADVANCE?

5.6k

L ALARM

nml
aovar ‘s; 0IsPLAYO | ALaRM
AND OFF (/

DISPLAYO
AND,
smmzzj7

|_

l Vss
I—S.LEEP O‘- SEQUENCE

CONTROL
5.6k

N 50/60 Hz
W INPUT

001F T
Voo
2204F —L
T LED CURRENT

CONTROL

VSS _ LED REFERENCE OUTPUT

MM5382

:\ EARPHONE
50002

50/60 Hz
SELECT
ALARM DUTPUT

SLEEP QUTPUT

id <f,

10v
60 Hz

Y Y YYY

Lied e 5

COMMON

IR

mnlcm:n ;

CATRODE

* BRIGHTNESS CONTROL IllSl)F HOUR UNIT HOUR

1USOF MINUTE UNITMINUTES

FIGURE 3. Calendar Alarm Clock Using the MM5382 and a LED Display
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functional description (Continued)

Voo
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CONTROL . 0C OR KT
RESISTOR QuTRUT
Ig= DRIVER
R=lLeo ?IR DPERATING
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ILED
ar [ ep

. Vgg o T i
CONTROL
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FIGURE 4(a). Low Current LED Drive Control Circuit (1—7 mA)
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FIGURE 5(a). High Current LED Drive Current Circuits (7—15 mA}

Vigp SUPPLY

CURRENT
v R LIMITING
0D ) RESISTOR

O

CONTROL
Vss LOGIC Vss . Vss

FIGURE 6. Simple LED Drive Circuit
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MM5384

Clocks

MM5384 LED display digital clock radio circuit

general description ‘
The MM5384 digital clock radio circuit is a monolithic

\

FIGURE 1.

W 24-hour alarm setting
MOS integrated circuit utilizing P-channel low-threshold, m Al counters are resettable
enh'ancement rr]ode and |on-|mplantf3d deplet!on mode - ® Fast and slow set controls
devices. It provides all the logic required to build several a Power failure ihd‘ tion
types of clocks and timers. Four display modes (time, ow r a ur. fcatio N
seconds, alarm and sleep) are provided to optimize = Blanking/brightness cantrol capability
circuit utility. The circuit interfaces directly with 3 1/2 ® Elimination of illegal time display at turn-on
digit 7-segment LED displays. The timekeeping function m Direct interface to 0.5” LED displays
operates from either a 50 or 60 Hz input, and the m 9-minute snooze alarm
‘display format is 12 hours (with leading-zero blanking R . )
I . B Presettable 59-minute sleep timer
and AM/PM indication) or 24 hours. Qutputs consist of p'
display drivers, sleep (e.g., timed radio turn-off), and
alarm enable. Power failure indication is provided to - li ti
inform the user that incorrect time is being displayed. app ications
Setting the time cancels this indication. The device
= Alarm clocks
operates over a power supply range of 8—26V and does -
not require a regulated supply. The MM5384 is packaged Desk clocks
in a 40 lead dual-in-line package. m Clock radios
® Automobile clocks
features = Stopwatches
. B |ndustrial clocks
®m 50 or 60 Hz operation
Sing! | m Portable clocks
- .
Ingie power supply ® Photography timers
12 o0r 24 hour display format ® Industrial timers
= AM/PM outputs . . n i i
X . P . 12-hour format Appllam.:e timers
® - | eading-zero blanking m Sequential controllers
block and connection diagrams
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absolute maximum ratings

Voltage at Any Pin Except Segment Outputs Vss +0.3 to Vgg — 30V

Voltage at Segment Qutputs
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

: Vgg + 0.3 to Vgg— 15V
-25°C to +70°C

—-65°C to +150°C

300°C

T A within operating range, Vss = 24V to 26V, VbD = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Output Driving Display 24 26 \
Functional Clock 8 26 \
Power Supply Current No Qutput Loads
Vsg =8V 4 mA
Vgs = 26V 5 mA
50/60 Hz Input Frequency Voltage Vss = 8V to 26V dc - 50 or 60 10k Hz
Logical High Level Vgs—1 Vss Vss \
Logical Low Level VDD Vpp Vpp+2 v
50/60 Hz Input Leakage 10 UA
Blanking Input Voltage
Logical High Level Vgs—1 Vss Vss \
Logical Low Level VpD VpD Vss—5 \
Blanking Input Leakage 10 MA
All Other Input Voltages
Logical High Level Vgs—i Vss Vss \
Logical Low Level Internal Depletion Device to Vpp VpD VpD Vss—6 A
Power Failure Detect Voltage (Vss Voltage), (Note 2) 1 8 \
Count Operating Voltage 8 26 A
Hold Count Voltage (Note 2) 26 \
Output Current Levels Vgg = 24V to 26V,
Output Common = Vgg
10’s of Hours {b & ¢}, 10’s of
Minutes (a & d) - :
Logical High Level, Source VQOH =Vss -7V 10 mA
Logical Low Level, Leakage VoL =Vss — 14V 10 MA
1 Hz Display
Logical High Level, Source VOH =Vss —7 15 mA
Logical Low Level, Leakage VoL =Vss—14 10 MA
All Other Displays
Logical High Level, Source VOH =Vss — 7V 5 “mA
Logical Low Level, Leakage VoL =Vss — 14V 10 MA
Alarm and Sleep Outputs Vgg = 24V
Logical High, Source VoH =Vsgs —2 500 MA
Logical Low, Sink VoL=VpD +2 1 KA

Note 1: Segment Output Current must be limited to 6 mA maximum by user; power dissipation must be limited to 900 mW at 70°C and 1.2W

at 25°C.

Note 2: Power fail detect voltage is 0.25V or more above the hold count voltage. The power fail latch trips into power fail mode at least 0.25V
above the voltage at which data stored in the time latch is lost.
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MM5b53384

functional description

A block diagram of the MM5384 digital clock radio
circuit is shown in Figure 1. The various display modes
provided by this clock are listed in Table I. The
functions of the setting controls are listed in Table II.
Figure 2 is a connection diagram. The following dis-
cussions are based on Figure 1.

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro-
vided to square the 50 or 60 Hz input. This circuit
allows use of a fiitered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 6V. of
hysteresis. A simple RC filter such as shown in Figure 5,
is recommended in order to remove possible line-voltage
transients that could either cause the clock to gain time
or damage the device. The shaper outputdrives a counter
chain which performs the timekeeping function.

50 or 60 Hz Select Inputs: A programmable prescale
counter divides the input .line frequency by either
50 or 60 to obtain a 1 Hz time base. This counter is
programmed to divide by 60 simply by leaving 50/60 Hz
select unconnected; pull-down to Vpp is provided by an
internal depletion device. Operation at 50 Hz is pro-
grammed by connecting 50/60 Hz select to Vgs.

Display Mode Select Inputs: In the absence of any of
these three inputs, the display drivers present time-of-
day information to the appropriate display digits. Inter-
nal pull-down depletion devices allow use of simple
SPST switches to select the display mode. If more than
one mode is selected, the priorities are as noted in
Table I. Alternate display modes are selected by applying
Vgg to the appropriate pin. As shown in Figure 1 the
code converters receive time, seconds, alarm and sleep
information from appropriate points in the clock
circuitry. The display "-mode select inputs control the
gating of the desired data to the code converter inputs
and ultimately (via output drivers) to the display digits.

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or in
combination to obtain the control functions listed in
Table 11. Again, internal pull-down depletion devices are
provided; application of Vgg to these pins affects the
control functions. Note that the control functions pro-
per are dependent on the selected display mode. For
example, a hold-time control function is obtained by
selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actua-
ting both slow and fast set inputs.

Blanking Control Inputs: Connecting this Schmitt
Trigger input to Vpp places all display drivers in a non-
conducting, high-impedance state, thereby inhibiting the
display. See Figures 3 and 4. Conversely Vgg applied to
this input enables the display. This input does not have
internal pull-down device.

Qutput Common Source Connection: All display output
drivers are open-drain devices with all sources common

(Figure 4). Common source pin should be connected
to Vss. '

12 or 24-Hour Select Input: By leaving this pin uncon-
nected, the outputs for the most-significant display digit

- (10’s of hours) are programmed to provide a 12-hour

display format. An internal pull-down depletion device
is again provided. Connecting this pin to Vgg programs
the 24-hour display format. See Figure 6 for 24-hour
application.

Power Fail Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, the AM or PM indicator will
flash at 1 Hz rate. A fast or slow set input resets an inter-
nal power failure latch and returns the display to nor-
mal.

Alarm Operation and Output: The alarm comparator
(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real
time). The comparator output is used to set a latch in
the alarm and sleep circuits. The latch output enables
the alarm output driver (Figure 4), the MM5384 output
that is used to control the external alarm sound genera-
tor. The alarm latch remains set for 59 minutes, during
which the alarm will therefore sound if the latch output
is not temporarily inhibited by another latch set by the
snooze alarm input or reset by the alarm off input.

Snooze Alarm Input: Momentarily connecting snooze to
Vgg inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-down to Vpp by an internal deple-
tion device. The snooze alarm feature may,be repeatedly
used during the 59 minutes in which the alarm latch
remains set,

Alarm Off Input : Momentarily connecting alarm off to
Vg resets the alarm latch and thereby silences the
alarm. This input is also returned to Vpp by an internal
depletion device. The momentary alarm off input also
readies the alarm latch for the next comparator output,
and the alarm will automatically sound again in 24 hours’
(or at a new alarm setting). If it is desired to silence the
alarm for a day or more, the alarm off input should
remain at Vgs.

Sleep Timer and Output: The sleep output at pin 14 can
be used to turn off a radio after a desired time interval
of up to 59 minutes. The time interval is chosen by
selecting the sleep display mode. (Table 1) and setting
the desired time interval {Table l). This automatically
results in a current-source output via pin 14, which can-
be used to turn on a radio (or other appliance). When
the sleep counter, which counts downwards, reaches 00
minutes, a latch is reset and the sleep output current
drive is removed, thereby turning off the radio. This
turn-off may also be manually controlled (at any time in
the countdown) by a momentary Vgg connection to the
Snooze input. The output circuitry is the same as the
other outputs (Figure 4).
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functional descripiion (Continued)

50/60 HZ
NP
Jead S
INPUT

BLANKING .
SIGNAL

L | HiGH vpy*

Vss

FIGURE 3. 50/60 or Blanking Input Shaping Circuits

Vss
*QUTPUT COMMON SQURCE BUS (PIN 18}
FROM ALARM/SLEEP
COMPARATORS
0 (DATA)
ouTPUT
BLANKING
{FROM QUTPUT
SHAPER) (OPEN DRAIN)
s
= Voo
FIGURE 4a. Segment Outputs FIGURE 4b. Alarm and Sleep Outputs
TABLE |I. MM5384 Display Modes
*SELECTED .
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGITNO. 4
Time Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Seconds Display Blanked Minutes 10's of Seconds Seconds
Alarm Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked 10's of Minutes Minutes

*1f more than one display mode input is applied, the display priorities are in the order of Sleep (over-
rides all others), Alarm, Seconds, Time (no other mode selected).
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MM5384

functional description (Continued)

TABLE 1. MM5384 Setting Coﬁtrol Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION
"Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate ;
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (12-hour format)
) ) - Both Alarm Resets to 00:00 (24-hour format)
Seconds Slow Input to Entire Time Counter is Inhibited (Hold)
" Fast Seconds and 10's of Seconds Reset to Zero Without
a Carry to Minutes
Both Time Resets to 12:00:00 AM {12-hour format)
Both Time Resets to 00:00:00 (24-hour format)
Sleep Slow "Substracts Count at 2 Hz
Fast Substracts Count at 60 Hz
Both Substracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the
sleep counter reaches 00 minutes (sleep counter will not recycle).

w o R }- -
T T v 7 7 7 7 f
50/60Hz  12/24HR  SLOW  FAST  ALARM SECONDS SLEEP num SNOOZE
SELECT  SELECT  SET SET  DISPLAY DISPLAY DISPLAY . OFF BLANKING
Vss ,
<
OUTPUT COMMON SOURCE ) ) mg
o — ALARM
= . DRIVE
47k .
50/60 Hz ALARM
INPUT 1ms3ea out S
b3
4.7k
SLEEPL_AAA- o SLEEP
) . . ur " DRIVE
Vpp 105 OF HOURS UNIT HOURS 10°S OF MINUTES UNIT MINUTES
~ ~ - ~
THzPM AM bR d o 1 a © e tad b g c d e f 4 b g ¢
I TTTT 1 l I T FrTTTTTTTTTUT \;‘;:
AMA [o]
: . Voo
-
2204F 0 ﬂ Z] 3 i] HEZ' 7 ﬂﬁ'
™ Z] /Z—l/] I /7 /? /] l
L_. COLON [—-—] rﬁ
LED DISPLAY
O O O
i COMMON CATHODE
r A J
BRIGHTNESS I OPTION 1 I(IPTIDNZ
|- “controt |
| Voo I |
Lo 2l ]

FIGURE 5. A Schematic Diagram of a General Purpose Alarm Clock
(12-Hour Mode) using the MM5384 and a 3 1/2-Digit LED Display




functional description . (Continued)
M

100-200 l

A
%o—"’&— cs.

=

1 Hz 10HRb & SLEEP
DISPLAY

AM —d

FIGURE 6. 24-Hour Operation: 10’s of Hours Digit Connections

Switch A must be ganged with
Sleep display switch as shown,
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MM5385, MM5386,
MM5396, MM5397

Clocks

MM5385, MM5386, MM5396, MM5397 digital alarm clocks

general description

The MM5385, MM5386, MM5396 and MM5397 digital
alarm clocks are monolithic MOS integrated circuits
utilizing P-channel low-threshold, enhancement mode
and ion-implanted depletion mode devices. MM5385 or
MM5396 and MM5386 or MM5397 have display formats
of .12 hours and 24 hours respectively, with 24-hour
alarm display capability. They provide all the logic
required to build several types of clocks and timers,
Four display modes (time, seconds, alarm and sleep)
are provided to optimize circuit utility. The circuit
interfaces directly with 7-segment light emitting diodes
and requires two power supplies. The timekeeping
function operates from either a 50 or 60 Hz input.
MM5385 or MMb5396 displays 12 hours with colon
flashing at a one second rate and a PM indication.
MMb386 or MM5397 displays 24 hours with leading
zero blanking. Outputs consist of display drives, sleep
(e.g., timed radio turn off), and alarm enable. Power
failure indication is provided to inform the user that
incorrect time is being displayed. The power failure
indication consists of flashing of all the “ON" digits at
a 1 Hz rate. Setting the time cancels this indication.
The device operates over a power supply range of
18—26V and LED supply voltage of 4-7V.

The MM5396 and MM5397 are reverse lead-bend versions
(mirror image) of the MM5385, MM5386 (respectively)
ideally suited to facilitate PC board layouts when
designing an “L” shaped ‘clock ‘“‘module” (vertical
display, horizontal component board); the MM5385,
MMb5386 are better suited for applications where the
display and IC are mounted on a PC board in the .same
plane. All four versions are supplied in a 40-lead dual-in-
line package.

features

® 50 or 60 Hz operation

®  Low power dissipation

= PM outputs in'12-hour format with a colon flashing
at a one second rate {(MM5385 and MM5396 only)

® |eading zero blanking

& 24-hour alarm setting

® Al counters are resettable

®  Fast and slow set controls

® Power failure indication

® Blanking/brightness control capability

® Direct interface to light emitting diode (LED) with

forward current of 3—15 mA

Individual drivers for each segment of each digit

9-minute snooze alarm

Presettable 59-minute sleep timer

Radio frequency interference eliminating slow up
circuitry at the outputs '

| Available in standard (MM5385, MMB386) or reverse
lead-bend version (MM5396, MM5397)

applications

Alarm clocks

Desk clocks

Clock radios

Stopwatches

Industrial clocks

Portable clocks

Photography timers

Industrial timers

Appliance timers

Sequential controllers

block diagram
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absolute maximum ratings

Voltage at Any Pin Vgg + 0.3 to Vgg — 28V
Voltage at Any Output Pin Vgg +0.3to Vgs— 7.5V
Operating Temperature —25°C to +70°C
Storage Temperature —65°C to +150°C
Power Dissipation ) 1w
Lead Temperature {Soldering, 10 seconds) 300°C

L6ESININ "'96ESININ
‘'98ESININ "SBESNWIN

electrical characteristics
T A within operating range, Vgs = 18V to 26V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Power Supply Voltage {Vgg) Qutput Driving Display 18 26 \2
) Functional Clock 8 26 \%
Power Supply Current No Output Loads, Vgg = 26V 5 mA
50/60 Hz Input Frequency Voltage . dc 50 or 60 10k Hz
"Logical High Level ) Vgs—1 Vss \
" Logical Low Level ‘ . Vbbp Vppt1 v
All Other Input Voltages : (Note 2)
Except Sleep/Seconds Display
_ Logical High Level Vss—1 Vss v
Logical Low Level Internal Depletion VDD VpD+7 \%
Device to Vpp
Power Failure Detect Voltage (Vss Voltage) (Note 1) 1 75 \
Output Currents . Vgs =18V to 26V,

Vpp = 0V. Current Measured
in Individual Segment Driver
with 0 Current in Remaining
Segment Driver. LED Current
Control Connected to Vpp

All Segment Drivers

Logical High Level VoH =Vss — 2 15 “mA

Logical Low Level VoL =Vss —6 ' 10 A
Alarm and Sleep Outputs

Logical High Level VOH = Vg5 — 2V 500 : CMA

Logical Low Level VoL=VpD +2 : 1 MA

LED Reference Output LED Current Control

) Connected to Vpp,
Vsg = 18V, All Segment
Driver 0 Current .
Logical High Level VOH =Vss — 2 15 mA
Logical Low Level Vo =Vss —6 10 HA

Note 1: The power-fail detect voltage is 0.5V or more above the hold count voltage. The power-fail latch trips into the power-fail mode at least
0.5V above the voltage at which data stored in the time latch is lost.

Note 2: Sleep/seconds display (pin 11 on MM5385 and MM5386, pin 30 on MM5396 and MM5397). Connect pin to Vgg for Sleep display.
Connect pin to Vpp for Seconds display. Leave pin open for normal time display.




MM5385, MM5386,
MM5396, MM5397

functional description

A block diagram of the MM5385, MM5386, MM5396
and MMG6397 digital alarm clock is shown in Figure 1.
The various display/setting modes are listed in Table |
and Table Il shows the setting control functions. The
following description is based on Figure 1; for simplifi-
cation, pin numbers in the text are shown only for
the MM5385 and MM5386, but pin connections for the
MM5396 and MM5397 may be cross-referenced from the
diagrams in Figure 2.

50 or 60 Hz Input (pin 8): A shaping circuit (Figure 3)
is provided to square the 50 or 60 Hz input. This circuit
allows use of a filtered .sinewave input. The circuit is a
Schmitt Trigger that is designed to provide about 6V of
hysteresis. A simple RC filter, such as shown in Figure 7,
should be used to remove possible line-voltage tran-
sients that could either cause the clock to gain time or
damage the device. The input should swing between
Vgs and Vpp. The shaper output drives a counter
chain which performs the timekeeping function.

50 or 60 Hz Select Input (pin 7): A programmable
prescale counter divides the input line frequency by
either 50 or 60 to obtain a 1 pps time base. This counter
is programmed to divide by 60 simply by leaving pin 7
unconnected; pull-down to Vpp is provided by an
internal depletion load. Operation at 50 Hz is pro-
grammed by connecting pin 7 to Vss.

‘Display Mode Select Inputs {pins 11 and 17): In the
“absence of any of these two inputs (i.e., pin open),
the display drivers present time-of-day information to
the appropriate display digits. Snooze/alarm display
input has an internal pull-down depletion load to Vpp.
Sleep/seconds display input has an internal voltage
control which allows this input to assume three input
states. The sleep time can be displayed by connecting
pin 11 to Vgg and seconds can be displayed by con-
necting pin 11 to Vpp, and if pin 11 is left open,
normal time is displayed. If more than one mode is
selected, the priorities are as noted in Table I. As shown

10sHR 10s HR b4 ! i“ﬁ 3
105HR | 10sHR o8 ; 22 h g3
10sHR ad |~—n PM—T TH‘HHJ
10HR 44 |=— COLON=— Bl wR b
10sHA 64 |=—— COLON—o] 15 wras
15HR 8 |m—— 1 Hee = R 3
© 50/60 e SELECT —d }-3:— HRe3

50/60 Hz INPUT — 12 1omins 12

FAST SET— B2 10mins g2

SLOW SET — L o mins a2

SLEEP/SEC DISPLAY o] MMS385-12HOUR - {30 4000 0 7

12 MMS386 — 24 HOUR 29

Voo =—— = 10mins b2

Vas ] ) 2 ominse2

SLEEP OUTPUT —d L 10mins c2
ALARM “OF F"* et = MIN f1
ALARM UUTPUTi pe= MIN g1
SNOOZE AND ALARW DISPLAY — — ninar
LED CUR CONTROL mmd MIN b1
LED REF DUTPUT —d Emmn
WIN ¢t = Min a1

TOP VIEW

Order Number MM5385N or MMS386N
See Package 24 :

FIGURE 2

in Figure 1 the code converters receive time, alarm and
sleep information from appropriate points in the clock
circuitry. The display mode select inputs control the
gating of the desired data to the code converter inputs
and ultimately {via output drivers) to the display digits.

Time Setting Inputs (pins 9 and 10): Both fast and slow
setting inputs are provided. These inputs are applied either
singly or in combination to obtain the control functions
listed in Table |l. Again, internal depletion loads to Vpp
are provided, application of Vgg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hold-time control function is obtained
by selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM (midnight), in the 12-hour format
(0:00:00 in the 24-hour format), by selecting seconds
display and actuating both slow and fast set inputs.

~ Alarm Operation and Output (pin 16); The alarm com-

parator (Figure 1) senses coincidence between the alarm
counters (the alarm setting) and the time counters
(real time). The comparator output is used to set a latch
in the alarm and sleep circuits. The latch output enables
the open- drain alarm output driver to control the
external alarm sound generator. The alarm latch remains
set for 59 minutes, during which the alarm wilt therefore
sound if the latch output is not temporarily inhibited
by another latch set by the snooze alarm input {pin 17)
or reset by the alarm “OFF" input (pin 15).

Snooze/Alarm Display (pin 17): Momentarily connecting
pin 17 to Vgg inhibits the alarm output for between
8 and 9 minutes after which the alarm will again be
sounded and display alarm time. This input is pulled-
down to Vpp by an internal depletion load. The snooze

~alarm feature may be repeatedly used during the 59

minutes in which the alarm latch remains are set; con-
necting pin 17 to Vgg displays alarm time.

HRH—‘I ‘ihll 10s HR 10s HR
HR 53—t £ 10sHR | 105 HR
HF 33— L —— | 10sHR 28
HR b3—] T coton — | 10sHR 44
HRdJ—s‘ —CoLON — | 10sHRed
HR.;Q—En i“h — = | 10sHR g4
HR e3— -2 50/60 e SELECT

10MINS 12— X so/60 ne veut

10 MINS g2 (——FAST SET

10 MINS a2mid -]-u—sm'wsn

10 MINS 42 mggg? - ‘22 ﬂgﬂ?« g SLEEPISEC DISPLAY

10 MINS b2 =l —'VDD

10 MINS e2emri iy

10 MINS c2=—] 251 eep ouTPUT
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functional description (continued)

Alarm ““OFF” Input (pin 15): Momentarily connecting
; pin 15 to Vgg resets the alarm latch and thereby silences
the alarm. This input is also returned to Vpp by an
internal depletion load. The momentary alarm ““OFF’’

input also readies the alarm latch for the next comparator

output, and the alarm will automatically sound again in
24 hours (or at a new alarm setting). If it is desired to
silence the alarm for a day or more, the alarm ""OFF‘*
input should remain at Vgs.

Voo

50/69 Hz
INPUT

Low viy*
50/60 PPS
oUTPUT

*EFFECTIVELY

HIGH Yy *

Vss

FIGURE 3. 50/60 Hz Input Shaping Circuits

Sleep Timer and Output (pin 14): The sleep output at
pin 14 can be used to turn off a radio after a desired
time interval of up to 59 minutes. The time interval is
chosen by selecting the sleep display mode (Table 1)
and setting the desired time interval (Table I1). This
automatically results in a current-source output via pin

14, which can be used to turn on a radio (or other
appliance). When the sleep counter, which counts down-
wards, reaches 00 minutes, a latch is reset and the sleep
output drive is removed, thereby turning off the radio.
This turn off may also be manually controlled (at any
time in the countdown) by a momentary Vsg connec-
tion to the snooze input (pin 17).

Segment Outputs {pins 16 and 20—40): All segment
outputs are open drain devices with all sources con-
nected to Vgs. Each segment output may source direct
current of 15 mA at 2V on the output device. Figure 5(b)
shows the output resistance (RQN) of segment driver
with respect to Vpp.

Power Failure Indications: Power failure indication is
shown by the flashing of all “ON"’ digits at 1 Hz rate.
A fast or slow set input resets an internal power failure
latch and returns the display to normal. The power
failure latch trips into the power failure mode prior
to the loss of data stored in the time latches. When
powered up, alarm and sleep outputs will be in the
““OFF" state. In order to assure guaranteed power
fail indication, power supply rise time should not exceed
10 V/ms.

LED CURRENT CONTROL INPUT AND REFERENCE
OUTPUT (PINS 19 AND 18)

Pin 18 controls the gate voltage at all the display outputs
and the reference device. The output drivers can be
disabled by connecting pin 18 to Vgg. This wire-OR
capability allows the display to be used for other func-
‘tions (e.g., temperature, radio frequency wavelength).

TABLE I, MM5385, MM5386, MM5396, MM5397 Display Modes

*SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGITNO. 3 DIGITNO. 4
Time Display 10°s of Hours & AM/PM Hours 10's of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
Alarm Display 10’s of Hours & AM/PM Hours 10's of Minutes Minutes
Sleep Display Blanked Blanked 10’s of Minutes Minutes

v B
*tf more than one display mode input is applied, the display priorities are in the order of Sleep {overrides
all others), Alarm, Seconds, Time (no other mode selected).

TABLE II. MM5385, MM5386, MM5396, MM5397 Setting Control Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION
*Time Slow . Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate )
Both Alarm Resets to 12:00 AM {Midnight) (MM5385, MM5396}
Both Alarm Resets to 0:00 (MM5386, MM5397)
Seconds . "Slow Input to Entire Time Counter is Inhibited (Hold)
Fast Seconds and 10's of Seconds Reset to Zero Without
a Carry to Minutes .
Both Time Resets to 12:00:00 AM (Midnight} (MM5385, MM5396)
. Both Time Resets to 0:00:00 (MM5386, MM5397)
Sleep Slow Subtracts Count at 2 Hz
Fast Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

"When setting time sleep minutes will decrement at rate of time counter, until the sleep
counter reaches 00 minutes (sleep counter will not recycle).

L6ESNINI ‘96ESININ
‘'98ESNIN ‘SBESNIN




MM5385, MM5386,
MM5396, MM5397

functional description (Continued)

The output current can be controlled two ways:
1) driving the output in saturated mode; 2) driving
the outp'ut-‘in linear mode. (Refer to Figures 4 and 5).

1) The reference device (pins 18 and 19) is connected

as a diode, and an external resistor is used to set the
desired current in this diode (see Figure 4). The seg-
ment drivers of all digits are connected as current
mirrors. The drain voltage V1 of the segment drivers
is selected such that these devices operate in saturation
mode, Since the drain current variation in saturation
mode operation  of the MOS device is relatively
constant, the segment drive current does not vary
significaritly, even though V1 is increased considerably.
However, as the voltage across the output buffers

increases, average power dissipation also increases

linearly. This technique of current contro! is recom-
mended to be used only with low current LEDs
(1—7 mA).

2) The high current drive requirement of large LED
displays can be accomplished by operating the segment -
drivers in the linear mode. The circuit for high current
LED drivers is shown in Figure 5. The reference output
device is used in series with a reference LED, diode and
current setting resistor. A high beta PNP transistor
provides the current drive for all the segments, A refer-
ence voltage V3 is developed which compensates for
variations in MOS process parameter and the variations
in the voltage drop across the LED. The resistor sets the
current in the reference LED which sets the reference
voltage V3. This in turn sets the current in the LEDs
equal to resistor current less the base current of the
transistor, Variation in second supply voltage does not
vary the LED currents so long as the PNP transistor is
kept operating in the linear mode. Full wave rectified
power supply without any filtering can be used as a
second supply voltage V2. The LED brightness can be
varied by using a variable resistor.

VOO gmiguThEss  ViepSupeLY 12
CONTROL 0C 08 TRKT —1—t
RESISTOR oUTRUT 3 Pin 1-6 ano 20-40
ORIVER E 10 Voo 3 -1V e
n=Lep T, OPERATING v
R REGION - .
PINS 1-6 AND » a
20-20 T'lﬂ’ E 8 A=t i
1
19 . S ' ] T N
o
ILeo [
Q’-{ a1 |v1 E 6 —% E’_: ”v
2 s
w |
# I
EON%ROL 4 r J l I
LoGIC
-3 -5 -1 -9 -1
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FIGURE 4(a). Low Current LED Drive Control Circuit (1-7 mA)

FIGURE 4(b). Segment Current vs V|
(Vpp at ~18V) (Typical Output Characteristics)
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FIGURE 5(a). High Current LED Drive Control Circuit (7—15 mA)
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functional description (Continued)

Figure 6 shows a LED drive circuit which uses a single
resistor. The resistor controls the total current flowing
through all the segments. Brightness shall vary depending
on number of segments that are on at that time.

Vygp SUPPLY

CURRENT
R LIMITING
Voo RESISTOR

PIN1-5 AND
20-80

_i

CONTROL
Vss LoGIC Vss Vss

FIGURE 6. Simple LED Drive Circuit

Radio Frequency Interference: All display outputs
include circuitry to slow up the switching transition
time to minimize radio frequency interference.
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FIGURE 7. ljpy vs V| (Typical
Input Depletion Load Characteristics)
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‘MM5387AA, MM53108

Clocks

MM5387AA, MM53108 d:gntal alarm clocks

general description i

The MM5387AA, MM53108 digital alarm clocks are
monolithic MOS integrated circuits utilizing P-channe!
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers
with up to four display modes (time, seconds, alarm
and sleep) to maximize circuit utility, but are specifi-
cally intended for clock-radio applications. Both devices
will directly-drive 7-segment LED displays in either a
12 hour format (3% digits) with lead-zero blanking,
AM/PM indication and flashing colon, or 24 hour
format (4 digits) through hard-wire pin selection; the
timekeeping function operates from either a 50 or
60 Hz input, also through pin selection. Qutputs consist
of display drivers, sleep (e.g., timed radio turn-off), and
alarm enable. A power-fail indication mode is provided
to inform the user of incorrect time display by flashing
all “‘ON” digits at a 1 Hz rate, and is cancelled by
simply resetting time. The device operates over a supply
range of 24—26V which does not require regulation.

The MM53108 is electrically identical to -the
MMB5387AA, but with mirror-image pin-out to facilitate
PC board layout when designing a ““module’” where the
LED display and MOS chip are mounted on the same
side; the MMB387AA is more suited for L' shaped
module designs (vertical LED display, horizontal com-
ponent board). Both devices are supplied in a 40-lead -
dual-in-line package. . [

features

50 or 60 Hz operation

Single power supply

12o0r _24 hour display format
AM/PM outputs
Leading-zero blanking
24-hour alarm setting
All counters are resettable

Fast and slow set controls

Power failure indication

Elimination of illegal time display at turn “ON"
Direct interface to LED displays

9-minute snooze alarm

Presettable 59-minute sleep timer

Available in standard (MM5387AA) or mirror image
(MM53108) pin-out

} 12 hour format

applications -

m Alarm clocks B Portable clocks

® Desk clocks B Photography timers
B Clock radios ®. |ndustrial timers

B Automobile clocks ®  Appliance timers

u  Stopwatches’ B Sequential controllers
®  |ndustrial clocks

block diagram
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FIGURE 1
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absolute maximum ratings

Voltage at Any Pin Except Segment Outputs Vgg + 0.3 to Vgg — 30V
Voltage at Segment Outputs Vgs + 0.3 to Vgg— 15V

Operating Temperature —~25°C to +70°C ‘
Storage Temperature ~65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

TA within operating range, Vg = 24V—26‘V, VDD = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Output Driving Display 24 26 \Y
Functional Clock 8 26 \
Power Supply Current No Output Loads
Vgg =8V 4 mA
Vgs = 26V 5 mA
50/60 Hz Input
Frequency Voltage Vgs = 8V to 26V de 50 or 60 10k Hz
Logical High Level Vss—1 Vss Vss \Y
Logical Low Level Vbb VDD Vpp+2 Y
_ Input Leakage 100 nA
All Other Input Voltages
Logical High Level Vss-1 . Vss Vss A
Logical Low Level Internal Depletion Load td Vpp VDD VpD Vgs—6 A
Power Failure Detect Voltage (Vgs Voltage), (Note 2) 1 7.5 \
Count Operatihg Voltage 8 26 \Y
Hold Count Voltage {Note 2} 26 \
Output Current Levels ' - | Vgs =24V to 26V,
‘Output Common = Vgg
10’s of Hours (b & c), 10’s of Minutes
(a&d)
Logical High Level, Source VOH = Vgs — 4V 16 mA
Logical Low Level, Leakage " VoL =Vss — 14V 10 uA
1 Hz Display '
Logical High Level, Source VOH = Vss —4 24 mA
Logical Low Level, Leakage VoL =Vss — 14 10 LA
All Other Displays
Logical High Level, Source VOH =Vss — 4V 8 (Note 1) mA
Logical Low Level, Leakage VoL = Vss — 14V 10 LA
Alarm and Sleep Outputs Vgg =24V
Logical High , Source “| Vou=Vss -2 500 uA
Logical Low, Sink VoL =Vss -2 1 MA

Note 1: Segment output current must be limited to 11 mA maximum by user; power dissipation must be limited to 900 mW at 70°C and 1.2W

at 25°C.

Note 2: The power-fail detect voltage is 0.5V or more above the hold count voltage. The power-fail latch trips into power-fail mode at least 0.5V

above the voltage at which data stored in the time latch is lost.
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MM5387AA, MM53108

functional description

A block diagram of the MM5387AA, MM53108 digital
clock radio circuit is shown in Figure 1. The various
display setting modes are listed in Table |, and Table Il
shows the setting control functions. The following
description is based on Figure 1 and refers to both
devices as they are efectrically identical.

50 or 60 Hz Input: A shaping circuit (Figure 3/} is pro-
vided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 6V of
hysteresis. A simple RC filter such as shown in Figure 7,
should be used to remove possible line-voltage tran-

.sients that could either cause the clock to gain time or

damage the device. The shaper output drives a counter
chain which performs the timekeeping function.

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either
50 or 60 to obtain a 1 Hz time base. This counter is
programmed to divide by 60 simply by leaving 50/
60 Hz select unconnected; pull-down to Vpp is pro-
vided by an internal depletion load. Operation at 50 Hz
is programmed by connecting 50/60 Hz select to Vgs.

Display Mode Select Inputs: In the absence of any of
these three inputs, the display drivers present time-of-
day information to the appropriate display digits.
Internal depletion pull-down devices allow use of simple
SPST switches to select the display mode. If more than
one mode is selected, the priorities are as noted in
Table I. Alternate display modes are selected by apply-
ing Vss to the appropriate pin. As shown in Figure 1
the code converters receive time, seconds, alarm and
sleep ihformation from appropriate points in the clock
circuitry. The display mode select inputs control the

connection diagrams

Dual-In-Line Package

AM OUTPUT —;— W/ L% outpuT
10HRS ~b & ¢ — b COLON (1 H2)

HRS-f —1 L= 12/24 HR SELECT

HRS — g — -% NC

HRS -3 = — 50/60 Hz SELECT

HRS b — b 50/60 Hz INPUT

HRS - d — FAST SET INPUT

HRS ¢ = L~ SLOWSET INPUT

HRS — ¢ — L—— SECOND DISPLAY INPUT
10MINS - f i L ALARM DISPLAY INPUT
10 MINS — g =i [~ SLEEP DISPLAY INPUT

TOMINS ~a & d == b— Vnp

1ﬂMlNS§b— &vss
10MINS — ¢ e 2L sieep ouTeur
1DMINS — ¢ e L —— ALARM “OFF" INPUT

MINS — f =] 125 ALarM ouTPUT

MINS - g —nn L= SNDOZE INPUT

MINS — a —nr L2 9uTPUT CoMMON SOURCE

MINS —b ] L mins ¢

MINS e ‘ — mins -4

. TOP VIEW

Order Number MM5387AAN
See Package 24

FIGURE 2(a). MM5387AA

gating of the desired data to the code converter inputs

and ultimately (via output drivers) to the display digits.

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or
in combination to obtain the control functions listed in
Table Il. Again, internal depletion pull-down devices
are provided; application of Vgg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hold-time control function is obtained
by selecting seconds display and actuating the slow set’
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actu-
ating both slow and fast set inputs.

Output Common Source Connection: All display out-
put drivers are open-drain devices with all sources
common (Figure 4a). The common source pin should
be connected to Vgs.

12 or 24 Hour Select Input: By leaving this pin uncon-
nected, the outputs for the most-significant display
digit (10's of hours) are programmed to provide a
12-hour display format. An internal depletion pull-
down device is again provided. Connecting this pin to
Vgs programs the 24-hour display format. Segment
connections for 10’s of Hours in 24-hour mode are
shown in Figure 6. '

Power Fail Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, all ""ON" segments will
flash at'1 Hz rate. A fast or slow set input resets an
internal power failure latch and returns the display to
normal,

Duat-In-Line Package

PM OUTPUT —; Y 2 s outeur
COLON (1 Hz) —— —10HRS -b&c
12/24 HR SELECT 2 s — o
N — : = HRS ~ g
50/60 Hz SELECT =~ o HRS-1
50/60 Hz INPUT == L— HRS - b
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ALARM DISPLAY INPUT —— — 10 MINS - f
SLEEP DISPLAY INPUT — o 1OMINS -9
Voo = 1OMINS -3 8
Vs 71 s 10 MINS ~ b
SLEEP QUTPUT =1 —— 1OMINS -
ALARM “OFF” INPUT ~—1 F— 10 MINS - ¢
ALARM OUTPUT =t 25 mins -1
SNOOZE INPUT ~— b MINS - g
OUTPUT COMMON SOURCE — L2 Mins - a
MINS — ¢ L2 pins - b
MINS — d = o MINS - ¢

TOP VIEW

Order Number MM53108N
See Package 24

FIGURE 2(b). MM53108 (Mirror Image Pin-Out)
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functional description (Continued)

Alarm Operation and Output: The alarm comparator
(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real time).
The comparator output is used to set a latch in the
alarm and sleep circuits. The latch output enables the
alarm output driver (Figure 4b) which is used to

control the external alarm sound generator. The alarm’

latch remains set for 59 minutes, during which the alarm
will therefore sound if the latch output is not tempor-
arily inhibited by another latch set by the snooze alarm
input or reset by the alarm “OFF‘ input.

Snooze Alarm Input: Momentarily connecting snooze
to Vggs inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-down to Vpp by an -internal deple-
tion device. The snooze alarm feature may be repeatedly
used during the 59 minutes in which the alarm latch
remains set.

Alarm ““OFF’’ Input: Momentarily connecting alarm
“OFF" to Vgg resets the alarm latch and thereby

silences the alarm. This input is also returned to Vpp by
an internal depletion device. The momentary alarm
“OFF” input also readies the alarm latch for the next
comparator output, and the alarm will automatically
sound again in 24 hours (or at a new alarm setting).
If it is desired to silence the alarm for a day or more,
the alarm “OFF" input should remain at Vgs.

Sleep Timer and Output: The sleep output can be used
to turn ““OFF" a radio after a desired time interval of up
to 59 minutes. The time interval is chosen by selecting
the sleep display mode, (Table 1) and setting the desired
time interval (Table I1). This automatically results in a
current-source output which can be used to turn “ON’" a
radio (or other appliance). When the sleep counter,
which counts downwards, reaches 00 minutes, a latch
is reset and the sleep output current drive is removed,
thereby turning “OFF" the radio. This turn “OFF"
may also be manually controlled (at any time in the
countdown) by a momentary Vgg connection to the
Snooze input. The output circuitry is the same as the
other outputs (Figure 4b).

§0/60 Hz > ) I
INPUT

Vss

HIGH VT *

FIGURE 3. 50/60 Hz Input Shaping Circuit

COMMON SOURCE BUS

Vss
0UTPUT
(OPEN DRAIN) -

FIGURE 4(a). Segment Outputs

50/60 Hz
ouTPUT
¥ Effectively
Vss
FROM
ALARM OR SLEEP
COMPARATOR
: oUTPUT
Voo

FIGURE 4(b). Alarm and Sleep Outputs
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MM5387AA, MM53108

functional description (Continued)

TABLE |. MM5387AA, MM53108 Display Modes

*SELECTED : '
. . DIGIT NO. DIGIT NO. 4
DISPLAY MODE DIGIT NO. 1 DIGITNO. 2 IGIT NO. 3 1
Time Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
‘Alarm Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked 10's of Minutes Minutes

* f more than one display mode input is applied, the display priorities are in the order of Sleep (cverrudes
all others), Alarm, Seconds, Time (no other mode selected),

QUTPUT CURRENT (nA)

TABLE Il. MM5387AA, MM53108 Setting Control Functions

SELECTED CONTROL
- ONTROL FUNCTION
DISPLAY MODE INPUT ¢ L
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (Midnight) (12-Hour Format)
Both Alarm Resets to 00:00 (24-Hour Format)
Seconds Slow Input to Entire Time Counter is Inhibited (Hold)
Fast Seconds and 10's of Seconds Reset to Zero Without
a Carry to Minutes -
Both Time Resets to 12:00:00 AM (Midnight) (12-Hour Format)
Both Time Resets to 00:00:00 (24-Hour Format)
Sléep Slow Subtracts Count at 2 Hz
Fast Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep
counter reaches 00 minutes (sleep counter will not recycle).

10 .
o | Vss=2av
Vpp=0

8 //

7 Wi

6 ,/

5 //

4

3

2

L

0

o 1 2 3 a4 5

QUTPUT (DRAIN) VOLTAGE BELOW Vgg

FIGURE 5. Typical Output Current

Characteristics of MM5387AA, MM53108 *
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Switch A must be ganged with Sleep display as shown.

FIGURE 6. 24-Hour Operation:
10’s of Hours Digit Connections
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typical applications .

Figure 7 is a schematic diagram of a general purpose alarm clock circuit (12-hour mode) using the MM5387AA or
MM53108 and a 3 1/2-digit LED display.
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v®5402, MM5405

- Clocks

MM5402, MM5405 digital alarm clocks

general description

The MM5402, MM5405 digital alarm clocks are mono-
lithic MOS integrated circuits utilizing N-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers
with up to four display modes (time, seconds, alarm
and sleep) to maximize circuit utility, but are specifi-
cally intended for clock-radio applications. Both devices

. will directly-drive 7-segment LED displays in either a
12-hour format {3 1/2 digits) with lead-zero blanking,

AM/PM indication and flashing colon, or 24-hour
format (4 digits) through hard-wire pin selection; the
timekeeping function operates from either a 50 or
60 Hz input, also through pin selection. Outputs consist
of display drivers, sleep {e.g., timed radio turn-off), and
alarm enable. A power-fail indication mode is provided
to inform the user of incorrect time display by flashing
all ““ON" digits at a 1 Hz rate, and is cancelled by
simply resetting time. The device operates over a supply
range of 7V—11V which does not require regulation.

The MMB5B4Q5 is electrically identical to the MM5402,
but with mirror-image pin-out to facilitate PC board
layout ‘when designing a ‘“module” where the LED
display and MOS chip are mounted on the same side;
the MM5402 is more suited for “’L" shaped module
designs (vertical LED display, horizontal component
board). Both devices are supplied in a 40-lead dual-in-
line package.

features

50 or 60 Hz operation

Single power supply

12 or 24 hour display format
AM/PM outputs
L.eading-zero blanking
24-hour alarm setting
All counters are resettable

Fast and slow set controls

Power failure indication

Elimination of illegal time display at turn “ON"’
Direct interface to LED displays

9-minute snooze alarm

Presettable 59-minute sleep timer

Available in- standard (MM5402) or mirror-image
(MM5405) pin-out

} 12 hour format

applications

u  Alarm clocks ® Portable clocks

® Desk clocks ® Photography timers
®m Clock radios B |Industrial timers

® Automobile clocks ® Appliance timers

L] Stobwatches ® Sequential controllers
® |ndustrial clocks

block diagram
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1015 : T0 105
OF MINS
231 DIGIT
COUNTER COUNTER
11 16-22
SLEEPDIS O ELLiL) § T0 MINS
31410} . DIGIT
ALARMDIS O {19-25)

32(9)

SECONDS DIS O~

37
NC O
i 33(8)
SLOW SET O———»
um
FAST SET O=——em—tpp- . . R .
28 (13) Note. MM5405 pin connections shown in parenthesis.
Vg Ot
23(12]
vop o212y

FIGURE 1
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absolute maximum ratings (Note 1)

Voltage at Any Pin
Operating Temperature
Storage Temperature

Vgs to Vgs +12V
-25°C to +70°C
~65°C to +150°C

Lead Temperature (Soldering, 10 seconds)
Segment Output Current

300°C
Note 1

electrical characteristics Ta within operating range, Vpp = 7V to 11V, Vg = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Output Driving Display 9 1 \
Functional Clock 7 " v
Power Supply Current No Output Loads
Vpp =7V 4 mA
Vpp=11V 5 mA
50/60 Hz Input
Frequency Vpp=7Vto 11V dc 50 or 60 10k Hz
Logical Low Level Vss Vss Vgs+0.5 \
Logical High Level Vpp—3 VpD VbD \
Input Leakage 100 uA
All Other Input Voltages
Logical Low Level Vss Vss " Vgst0.5 A
Logical High Level Internal Depletion Load to Vpp Vpp-3 VDD Vbb \
Power Failure Detect Voltage {VDD Voltage), (Note 2} 1 5 \%
Count Operating Voltage 7 1 \
Hold Count Voltage {Note 2) 11 \Y
Alarm and Sleep Outputs Vpp = 11V
Logical High, Source VOH = Vss +2 ' 1 HA
Logical Low, Sink VoL=Vss+2 5 mA
Output Current Levels Vpp=9Vto 11V
Output Common = Vgg
Common Anode . (Figure 5a)
10’s of Hours (b & c), 10’s of Minutes
(a &d)
Logical High Level, Leakage VOH = VDD 10 HA
. Logical Low Level, Sink VoL = Vgg +2V 24 mA
1 Hz Display
Logical High Level, Leakage VOH = VDD 10 uA
Logical Low Level, Sink VoL =Vss+2V 36 mA
All Other Segment Displays
Logical High Level, Leakage VOH = VDD 10 nA
Logical Low Level, Sink VoL = Vss +2V 12 mA
Output Current Levels VpD=9Vto 11V (Note 1)
Output Common = Vgg + 4 :
Common Cathqde (Figure 5b)
10’s of Hours (b & ¢}, 10’s of Minutes
{a&d) *
Logical High Level, Source VOH = Vss + 1.6V 20 mA
Logical Low Level, Leakage VoL =Vss 10 uA
1 Hz Display
Logical High Level, Source VOH =Vss + 1.5V 30 mA
Logical Low Level, Leakage VoL = Vss 10 A
All Other Segment Displays
Logical High Level, Source VQOH = Vsg + 1.5V 10 mA
Logical Low Level, Leakage VoL = Vss 10 HA

Note 1: Segment output current must be limited to 15 mA maximum by user; power dissipation must be limited to 900 mW at 70°C and 1.2W

at 25°C

Note 2 The power-fail detect voltage is 0.25V or more above the hold count voltage The power-fail latch trips into power-fail mode at least
0.25V above the voltage at which data stored in the time fatch is lost.
Note 3: Power supply voltage should not exceed a maximum voltage of 12V under any circumstances, such as during plug in, power up, display
“ON"/"OFF", or power supply ripple. Domg so runs the risk of permanently damaging the device.
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MM5402, MM5405

functional description

A block diagram of the MM5402, MM5405 digital
clock radio circuit is shown in Figure 1. The various
display setting modes are listed in Table |, and Table |1
shows the setting control function§. The following
description is based on Figure 1 and refers to both
devices as they are electrically identical.

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro-
vided to square the 50 or 60 Hz input. This’ circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 0.8V
hysteresis. A simple RC filter such as shown in Figure 7,
should be used to remove possible line-voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either
50 or 60 to obtain a 1 Hz time base. This counter is
programmed to divide by 60 simply by leaving 50/
60 Hz select unconnected; pull-up to Vpp is pro-
vided by an internal depletion load. Operation at 50 Hz
is programmed by connecting 50/60 Hz select to Vgs.

Display Mode Select Inputs: In the absence of.any of
these three inputs, the display drivers present time-of-
day information to the appropriate display digits.
Internal depletion pull-up devices allow use of simple
SPST switches to select the display mode. If more than
one mode is selected, the priorities are as noted in
Table I. Alternate display modes are selected by apply-
ing Vsg to the appropriate pin. As shown in Figure 1
the code converters receive time, seconds, alarm and
sleep information from appropriate points in the clock
circuitry. The display mode select inputs control the
gating of the desired data to the code converter inputs
and ultimately (via output drivers) to the display digits.

connection diagrams (Top Views)

Dual-In-Line Package

AM QUTPUT - U =N PM OUTPUT
10HRS -b&¢c —§ = COLON (1 H2)
HRS—! Yy |=— 12/24 HR SELECT
HRS g -—5- p==== 10 HR b {24-HR)
HRS -a hry === 50/60 Hz SELECT
HRS -b —7 = 50/60 Hz INPUT
HRS — §f e [~ FAST SET INPUT
HRS ~ ¢ wmeed = SLOW SET INPUT
HRS — g e [=— SECOND DISPLAY INPUT
10 MINS — f == —31—ALARM DISPLAY INPUT
10 MINS ~ g = SLEEP DISPLAY INPUT
10 MINS — 2 & d == l\Im)
10MINS-I1-—‘-Z- p— Vg5
10 MINS ~ @ =i 2 SLEEP OUTPUT
10 MINS - ¢ ~— = ALARM “OFF” INPUT
MINS - f ﬂ 25 ALARM OUTPUT
MINS ~¢g 1 l SNOOZE INPUT
MINS - a ;B p— QUTPUT COMMON
MINS-hi . L MINS ¢
MINS ~ ¢ ==t f— MINS - d

Order Number MMS5402N
See Package 24

FIGURE 2(a). MM5402

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or
in combination to obtain the control functions listed in
Table 1l. Again, internal depletion pull-up devices
are provided; application of Vgg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hold-time control function is obtained
by selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actu-
ating both slow and fast set inputs, ’

Output Common: All display output drivers are open
drain devices with all the sources connected to output
common pin. This pin can be used as a common source
or a common drain. When used as a common source,
this pin is connected to Vgs and when used as a com-
mon drain, this pin is connected to Vpp. This allows
the use of either common anode or common cathode
LED’s for displays. Figure § shows these connections.

12 or 24 Hour Select Input: By leaving this pin uncon-
nected, the outputs for the most-significant display

- digit (10's of hours) are programmed to provide a

12-hour display format. An internal depletion pull-
up device is again provided. Connecting this pin to’
Vgs programs the 24-hour display format. Segment
connections for 10's of hours in 24-hour mode are
shown in Figure 6.

Power Fail Indication: If the power to the integrated

* circuit drops, indicating a momentary ac power failure

and possible loss of clock, all “ON” segments will
flash at 1 Hz rate. A fast or slow set input resets an
internal power failure latch and returns the display to
normal,

Dual-In-Line Package

1 ‘ ' 40
PM OUTPUT —— |— AM QUTPUT
COLON (1 Hz) —— p—rouRs-bac
12/24 HR SELECT =meed b HRS — {
10 HR b (24-HR) —— —— HRS — g
50/60 Hz SELECT == ER
6 35
50/50 Hz INPUT = b HRS — b
FAST SET INPUT = b HRS — d
) SLOW SET INPUT —— . 3 wms - c
SECOND DISPLAY INPUT =i S p=—HRS -e
ALARM DISPLAY INPUT ===t 2L omins— ¢
SLEEP DISPLAY INPUT —r b~ 10 MINS — g
VDD—i; b 10 MINS -2 & d
VS§—‘; ?I—HJMINS-II
SLEEP OUTPUT ==t -zﬁ—wmms—e
ALARM “OFF" INPUT =i s 10MINS - ¢
ALARM OUTPUT b— MINS - f
SNOOZE INPUT =— LR MINS - g
OUTPUT COMMON w—erd b= MINS -2
MINS ~ ¢ ==—1 22 pvins - o
MINS ~ d === MINS —e

Order Number MM5405N
See Package 24

FIGURE 2(b). MM5405 (Mirror-Image Pin-Out)




functional description (continued)

Alarm Operation and Output: The alarm comparator
(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real time).
The comparator output is used to set a latch in the
alarm and sleep circuits. The latch output enables the
alarm output driver (Figure 4b) which is used to
control the external alarm sound generator. The alarm
latch remains set for 59 minutes, during which the alarm
will therefore sound if the latch output is not tempor-
arily inhibited by another latch set by the snooze alarm
input or reset by the alarm “OFF" input.

Snooze Alarm Input: Momentarily connecting snooze
to Vgg inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-up to Vpp by an internal deple-
tion device. The snooze alarm feature may be repeatedly
used during the 59 minutes in which the alarm latch
remains set.

Alarm ““OFF’’ Input: Momentarily connecting alarm
“OFF"” to Vgg resets the alarm latch and thereby

Voo

!

silences the alarm. This input is also-returned to Vpp by
an internal depletion device. The momentary alarm
“OFF" input also readies the alarm latch for the next
comparator output, and the alarm will automatically
sound again in 24 hours {or at a new alarm setting).

If it is desired to silence the alarm for a day or more,

the alarm “OFF"" input should remain at Vgs.

Sleep Timer and Output: The sleep output can be used
to turn “OFF" a radio after a desired time interval of up
to 59 minutes. The time interval is chosen by selecting
the sleep display mode, (Table 1) and setting the desired
time interval (Table Il). This automatically results in a
current sink output which can be used to turn “ON” a
radio (or other appliance). When the sleep counter,
which counts downwards, reaches 00 minutes, a latch
is reset and the sleep output current drive is removed,
thereby turning “OFF" the radio. This turn ‘OFF"”
may also be manually controlled (at any time in the
countdown) by a momentary Vg§ connection to the
Snooze input. The output circuitry is the same as the
other outputs (Figure 4b).

50/60 Hz > I
INPUT

Vss
Vop

Vss

LOW VTR*

HIGH VTy*

50/60 Hz
ouTPUT

FIGURE 3. 50/60 Hz Input Shaping Circuit

OUTPUT COMMON BUS

QUTPUT
(OPEN DRAIN}

FIGURE 4/(a). Segment Outputs

Vss
FROM
ALARM OR SLEEP
COMPARATOR
ouTPUT
Voo

‘FIGURE 4(b). Alarm and Sleep Outputs
\
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MM5402, MM5405

functional description (continued)

TABLE I. MM5402, MM5405 Display Modes

*SELECTED
DISPLAY MODE DIGIT NO.1 DIGIT NO. 2 DIGITNO. 3 DIGITNO. 4
Time Display 10's of Hours & AM/PM Hours : 10's of Minutes Minutes
Seconds Disp!ay' 'Blanked . Minutes - 10’s of Seconds Seconds
Alarm Disp!av 10’s of Hours & AM/PM . Hours 10's of Minutes Minutes
Sleep Display Blanked Blanked 10's of Minutes Minutes

* If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides ’
all others), Alarm, Seconds, Time (no other mode selected).

TABLE |l. MM5402, MM5405 Setting Control Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate )
’ : Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (Midnight) {12-Hour Format)
Both Alarm Resets to 00:00 {24-Hour Format)
Seconds Slow Input to Entire Time Counter is Inhibited (Hold)
' Fast Seconds and 10’s of Seconds Reset to Zero Without
a Carry to Minutes
Both Time Resets to 12:00:00 AM (Midnight) (12-Hour Format)
Both Time Resets to 00:00:00 {24-Hour Format}
Sleep Slow Subtracts Count at 2 Hz
Fast Subtracts Count at 60 Hz
Both " Subtracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter
reaches 00 minutes {(sleep counter will not recycle}.

OUTPUT Vgg+4
coMMON
PIN

10 HR b {24 HR)

AM .—._{ B
M
LED
COMMON CATHODE h‘f

Voo

COMMON ANODE I

LED

SEGMENT
PIN

SEGMENT

QUTPUT
COMMON

PIN
Vss ]
= 1
: 1Hz 10HR
- b&ec
FIGURE 5(a). Common FIGURE 5(b). Common FIGURE 6. 24-Hour Operation:
Anode Application Cathode Application 10’s of Hours Digit Connections




typical applications

Figure 7 is a schematic diagram of a general purpose alarm clock circuit (12-hour mode) using the MM5402 or MM5405

and a 3 1/2-digit LED display.

I
A A A A AR (R M N
S060H:  V2/24HR  SLOW  FAST  ALARM SECONDS SLEEP  ALARM  SNOOZE
SELECT  SELECT  SET SET  DISPLAY DISPLAY DISPLAY  OF
BLANKING
Vss
L p——] output common
y 1
50/60 Hz ALARM
INPUT MM5402 OR MM5405 out
+
001 4F
SLEEP
3 out
Sun = Vop 10SOF HOURS UNIT HOURS 105 OF MINUTES UNIT MINUTES
> [ -~ ~ -~ N
1 THZPM AM  bge d e | a b g c ¢ { a&db § o d e 1 b g o
1« | r7T17r17T7ri7Vr7vTiTn1r1rrorr117711 I
MW
-
P
20,F 9 s ) : :
b 1 b f b 1 b
9 9 9
{—) { — (I
1w ﬂ H ﬁ H /7 /7 L
M coton —l/
d d d >
T LED DiSPLAY
o, O O O
. COMMON ANODE
R T
o | I I
.
! BRIGHTNESS l N1 2
OPTIO.
oo | " contror |
Viep
SUPPLY | |
| o =
1 L_—
FIGURE 7
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<
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o
Voo
1
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Clocks

USING NATIONAL CLOCK INTEGRATED CIRCUITS IN TIMER APPLICATIONS

INTRODUCTION

The following is a description of a technique which

allows the use of the National MM5309, MM5311,
MM5312 and MM5315 clock integrated circuits as
timers in industrial and consumer applications. What
will be presented is the basic technique along with some
simple circuitry and applications.

BASIC TECHNIQUE

When first approaching the problem of using clock chips
for timers, the most obvious technique is to attempt to
compare the display data with preset BCD numbers.
Because of the multiplexing and number of data bits
this technique, while possible, is unwieldy and requires a
large number of components.

0 1 2 3 4
UNIT SECOND

An easier method is to use one or more demulitiplexed
BCD lines as control waveforms whose edges determine
timer data. In Figure 7 we examine the 1-bit of the BCD
data of the units second time.

From this waveform we observe a one second wide pulse
every two seconds. If we look at the 4-bit of the 10
minutes digit we find a pulse which is 20 minutes wide
and occurs once each hour.

Figure 3 is a chart showing the various pulses and their
widths for all digits and the useful BCD lines.

DIGIT TIME
8CD 1
1SEC
zszc~|
FIGURE 1. 1 Second Pulse Every 2 Seconds
\

8 1 2 3 4 5 i 2 31 4 5
10 MINITE DIGIT
TIME
8CD 1

40 MIN —————=20 MIN-

FIGURE 2. 20 Minute Pulse Every Hour
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BCD PULSE RATE PULSE WIDTH BCD PULSE RATE PULSE WIDTH
1 Sec Digit 10 Sec Digit
1 1 every 2 sec 1 sec” 1 1 every 20 sec 10 sec™
2 2 1 every min 20 sec
4 1 every 10 sec 4 sec 4 1 every min 20 sec
8 1 every 10 sec 2 sec 8 '
1 Min Digit 10 Min Digit
1 1 every 2 min 1 min* 1 1 every 20 min 10 min*™
2 2 1 every hr 20 min
4 1 every 10 min 4 min 4 1 every hr 20 min
8 1 every 10 min 2 min 8
Units Hrs Digit (12 Hr Mode) Units Hrs Digit (24 Hr Mode)
1 1 every 2 hrs 1hr* 1 1 every 2 hrs 1hr*
2 2
4 1 every 12 hrs 4 hrs 4
"8 1 every 12 hrs 4 hrs 8 )
10 Hrs Digit (12 Hr Mode) 10 Hrs Digit (24 Hr Mode)
1 1 1 every 24 hrs 10 hrs
2 1 every 12 hrs 9 hrs 2 1 every 24 hrs 4 hrs
4 1 every 12 hrs 9 hrs
8 1 every 12 hrs 9 hrs
*Square waves
FIGURE 3

SIMPLE DEMULTIPLEXING

~In the simple case where, for example, a four hour wide
pulse each day is desired, perhaps to turn on lights in the
evening, a simple demultiplexing scheme using one diode
is shown in Figure 4. When power is applied, the internal
multiplex circuitry will strobe each digit until the digit
with the diode connected is accessed. This digit will
sink the multiplex charging current and stop the multi-
plex scanning. Thus, the BCD outputs now present the
data from the selected digit. The waveforms as previously

v MORE COMPLEX APPLICATIONS

discussed are presented at the BCD lines. Note that these

pulses are negative true for all BCD outputs.

An advantage of this type of timer over mechanical
types is the elimination of line power drop outs. The
- circuit shown in Figure 5 will maintain timing to within
a few percent during periods of power line failure, but
automatically return to the 60 Hz line for timing as soon
as power is restored. -

Where it is desired to maintain the display, or in more
complex timing of the “10 seconds every two hours’
variety, external demultiplexing shown in Figure 6 can
be used. In this figure the BCD lines are demultiplexed
with MM74C74 flip-flops. Examining the waveforms of
these circuits we see two edges which allow the 10

-second each two hours timing. These are differentiated

by the NAND and INVERTERS and the first edge sets
and the second resets the S-R flip-flop. The output of the
flip-flop is ten seconds wide every two hours. By exam-
ining the edges of the Figure 3 entries any combination
of timings can be obtained with the circuit of Figure 6.

LOW FREQUENCY WAVEFORM GENERATION
The asterisked BCD lines in Figure 3 are those wave-

forms which are symmetric. By the use of the simple
diode demultiplexing scheme previously discussed we
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o0
p—

Mux

TIMING .

INPUT [2__ | scoLines

) FORSELECTED |
<> IB—_ piGIT
100k DIGIT L.
< LINE
(o]
Voo
‘ FIGURE 4
I—N '
I+
10004Fd #Voc
,
S o 1N914
r < .
M Vae . .
200.Fd — v |
e NICAD 0.01
- - - = ouTPUT
Vs ENABLE
MM74C02
50 Hz ,
INPUT BCD 2 A/
. MM5309
MUX H10
TIMING Voo DIGIT 16
™ 100k 100k ‘ I

WITH LINE
UNCONNECTED

SETTO
60 Hz

FAST
T RESET \SET
1NG14 =l

FIGURE 5. Fail-Safe Automatic !.ights Timer. Four Hours Each 24 Hours

easily obtain square waves with periods of two seconds,
two minutes, twenty minutes and two hours. In other
cases, where the waveforms are asymmetric, a simple
flip-flop can square, while dividing by two, these wave-
forms producing other low frequency square waves as
long as one per two days. :

SUMMARY

We have shown some simple low cost timer and waveform
generating examples using National clock integrated

circuits. Because of the vast number of timing applica-
tions possible, this can in no way be looked at as the
limit of clock-timer circuits. -Use of the Reset on the
MM5309 and MM5315 or the use of clocks in conjunction
with programmable counters such as the MM74C161
allows other possibilities to meet specific applications.
Also the clock chips themselves can run on frequencies
other than 50 or 60 Hz (actually from dc to 10 kHz)
which can allow scaling of the waveforms presented in
Figure 3 to different timing rates.
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I .
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MM5307

Counters/Timers

MM5307 baud rate generator/programmable divider

general description

The National Semiconductor MM5307 baud rate ® External frequency input pin

generator/programmable divider is a MOS/LSI P-channel .
enhancement mode device. A master clock for the device B Internal ROM allows generation of other frequencies
is generated either externally or by an on-chip crystal on order ) :

oscillator (Note 4). An internal ROM controls a divider
circuit which produces the output frequency. Logic
levels on the four control pins select between sixteen o X g
output frequencies. The frequencies are chosen from = 0.01% accuracy (typ) exclu§1ve of crystal :
the following possible. divisors: 2N, for 3 < N < 2048;
2N + 1 and 2N + 0.5 for 4 <N < 2048. Also one of the
sixteen frequencies may be gated from the external
frequency input. The MM5307AA is supplied with the

. m Bipolar compatibility

®m 1 MHz master clock frequency

divisors shown in Table 1. : ] applicatidns
features ‘ , = DAR/T clocks
a2 On-chip crystal oscillator : : m System clocks
m Choice of 16 output frequencies from 1 crystal n E|ectri}ca|ly programmable counters

schematic and connection diagrams

ROM L
Dual-In-Line Package

1 U 14
1 . l EXTERNAL FREQ, === p=—S0UT

. ne—= LS, Reser
RESET PROGRAMMABLE [—3 > outrut _3] 12
DIVIDER MULTIPLEXER ' ouTPUT Vo
Vg —Hd 11,
4o at . EXT. EXTERNAL 5] 10
FREQ. - tLock
5 9
CRYSTAL == EpS

D——p souT CRYSTAL =1 B Y
EXTERNAL CLOCK '
CLOCK >""—’ GENERATOR TOP VIEW
: . Order Number MM5307N
. . See Package 18

J\l OSCILLATOR
Vge Vpp Vss -
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absolute maximum ratings

LOESININ

Voltage at Any Pin With Respect to Vgg +0.3V to Vgg — 20V
Power Dissipation 700 mwW
Storage Temperature Range ~-65°C to +150°C
Operating Temperature 0°C to +70°C
Lead Temperature {Soldering, 10 seconds) 300°C

dc electrical characteristics
Tp within operating range, Vsg = 5V +5%, VGG = —12V 15%, unless otherwise specified.

PARAMETER ’ CONDITIONS MIN TYP MAX UNITS

All Inputs (Except Crystal Pins)

VIH Logical High Level ' Vgs—1.5 Vgs+0.3 \Y
ViL Logical Low Level Vgs—18 Vgs—4.2 v
Leakage VIN = =10V, Ta = 25°C, 0.5 uA
) All Other Pins GND
Capacitance Vin =0V, f=1MHz, 7.0 pF
All Other Pins GND, (Note 1) )
External Clock Duty Cycle 40% 60%
Capacitance Measured Across f=1MHz, (Note 3) 5.0 pF
Crystal Pins
Output Levels :
VOH Logical High Level ISOURCE = —0.5 mA Vgg—2.6 Vss \
VoL Logical Low Level IsiNK = 1.6 mA Vgs—4.6 \
IGG Power Supply Current f=1MHz 35 mA

ac electrical characteristics
T within operating range Vgg =5V 5%, VGG = —12V 5%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Master Frequency ’ 0.01 ' ) 1.0 MHz
ta Access Time . CL = 50 pF, (Note 2) . 16 us
tRD Reset Delay Time f = Master Clock Frequency 500 + 4/f ns
Rpw Reset Pulse Width ) 500 +4/f ns
toD Output Delay From Reset 500 + 4/f ns

Output Duty Cycle = 0.5T £ 1/f | T = Output Period 0.5T—1/f 05T+

f = Master Frequency

Note 1: Capacitance is guaranteed by periodic measurement. .

Note 2: Access time is defined as the time from a change in control inputs (A, B, C, D) to a stable output frequency. Access time is a function of
frequency. The following formula may be used to calculate maximum access time for any master frequency: Ta =2.8us+ 1/f x 13, f is in MHz,
Note 3: The MM5307 is designed to operate with a 1 MHz parallel resonant crystal. When ordering the crystal a value of load capacitance (C )
must be specified. This is the capacitance ‘‘seen’’ by the crystal when it is operating in the circuit. The value of C_should match the capacitance
measured at the crystal frequency across the crystal input pins on the MM5307. Any mismatch will be reflected as a very small error in the
operating frequency. To achieve maximum accuracy, it may be necessary to add a small trimmer capacitor acrofs the terminals.

Note 4: If the crystal oscillator is used Pin 5 (external clock) is connected to Vgg. If an external clock is used Pin 7 is connected to Vgs.

23



MM5307

control table

Input Freq: 921.6 kHz Master Clock

1% sour

13 Vs (TO OPERATE)
Vgg (TO RESET)

12

[—Veo

A

I

=
]

o

I=1°

CONTRCL PINS NOMINAL BAUD RATES
, (OUTPUT FREQUENCY/16) DIVISOR
A B c D | AA AB FAG |FORAA
0 .0 0 1 50 50 50 1162
0 0 1 0 76 200 75 768
1] 0 1 1 110 110 110 524
» 0 1 -0 0 134.5 134.5 134.5 428.5
0 1 0 1 150 150 150 384 -
0 1 1 0 300 300 300 192
0 1 1 1 600 600 600 96
1 0 o] 0 900 900 1050 64
1 0 0 1 1200 1200 1200 48
1 0 A 0 1800 1800 45.5 32
1 0 1 1 2400 2400‘ 2400 24
1 1 0 0 3600 3600 56.9 16
1 1 0 1 4800 4800 4800 12
1 1 1 0 7200 75 66.7 8
1 N 1 1 9600 9600 9600 6
0 0 0 0 EXTERNAL FREQ
Positive Logic: 1 =Vy
0=V
typical applications
Internal Oscillator 'External Clock
EXT FREu——»——‘- LN sout EXT FREu—>—1
_2| 13 Vgs (TO OPERATE) _2
ne > Vgg (TO RESET) Ne
OUTPUT e LT, DUTPUT ———g—]
N -
AL EXT CLOCK IN—P— 5
LI 5
s :

2:4




timing diagram

a (TR e T e e T e e e e e e T e e e

—
+90%
A,B,CarD +10%
——y
™ 90%
ouTPUT )D( K X X Wit
OUTPUT MAINTAINS
OF comnEcT 0 | GURING THIS TINE
Ta { LENGTH DURING
90%. ’_'—
RESET \ 10% 10%

application hints

APPLICATION NOTES

The external clock is brought in on pin 5 and pin 7 is
tied to Vss to enable the external clock input. Pin 6
can be left open.

1) To use the MM5307 with an external clock, hook
it up as follows:

Vss

TIEPIN 7 TO Vg TO ENABLE
NOR GATE

7

5 y

EXTERNAL CLOCK
2) To use a crystal directly: N

TOROTEL =X-01793

30pF 921.6 kHz 180 pF
Vgs -I H»——|I]I—A/W——<>—| I—— Ves

XTAL
150

[

7
6 CLOCK 70 INTERNAL
CIRCUITRY

TO Vgg TO ENABLE XTAL
OSCILLATION

e o] |—tgp ]

3} Reset (pin 13) must be at Vgg to operate. It may be
necessary to take this to GND or Vg to reset the
ROM select circuit. An option is to tie ¢ out (pin 14)
to external Freq In (pin 1), if not otherwise used.

4) An interesting application might use two MM5307's
in series to generate additional frequencies, i.e., with
one programmed from the 921.6 kHz to 800 Hz out,
a second could divide that by 16 to give a 50 Hz
crystal controlled signal. -

5) MM307AA divisors are on the data sheet. AB divisors

are the same as the AA except: 1) Code 0010 is ™

divided by 288 — 32 kHz out, 200 baud; 2) Qode
1110 is divided by 768 = 1.2 kHz, 75 baud. )

The MM5307 does not always generate an output when
the power is up, even though the oscillator seems to be
operating properly. In order to eliminate this problem,
it is necessary to reset the chip at power “ON". This can
be done manually, with a reset signal by a host system,
or automatically by using R/C timing elements. The
reset is done internally, when program inputs change.
When using an R/C combination for auto resetting,
the time constant must be several times larger than
that of the power supply. For example, most lab power
supplies take at least 0.5 sec for the voltage to reach
90% of full level. A 10 k2 resistor and 300 uF capacitor
combination should be adequate for most applications.

25
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MM5307

application hihts (Continued)

EXTERNAL
CLOCK
]

é 10k
7

13

RESET 6 »

Vss

[ — MANUAL
300 uF |"' RESET

POWER SUPPLY TIMING

AT POWER UP

VOLTAGE

=
/ Alc TIING
~2V RESET

THRESHOLD

~ 0.5 SEC

TIME

FIGURE 1
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Counters/Timers

MM5369 17-stage programmable oscillator/divider

general description

The MM5369 is a CMOS integrated circuit with 17
binary divider stages that can be used to generate a
precise 60 Hz reference from commonly available high
frequency quartz crystals. An internal pulse is generated
by mask programming the combinations of stages 1
through 4, 16 and 17 to set or reset the individual stages.
The programmable number the circuit will divide by can
vary from 10000 to 98000. The MM5369 is advanced
one count on the positive transition of each clock pulse.
Two buffered outputs are available: the crystal fre-
quency for tuning purposes and the 17th stage 60 Hz
output. Mask options are available for use with com-
monly available, low cost, high frequency crystals.
Therefore, this design can be ‘‘customized’ by special
order to design specific programmable divider limits
whereby the maximum divide-by can be 98,000 and
the minimum divide-by can be 10,000. The MM5369 is
available in an 8-lead dual-in-line epoxy package.

features

Crystal Oscillator

Two buffered outputs
Output 1 cyrstal frequency
Qutput 2 full division

High speed (4 MHz at V55 = 10)

Wide supply range 3—15V

Low Power

Fully static operation

8 lead dual-in-line package

Low current

Standard MM5369N Only

3.58 MHz (color. TV oscillator) input frequency
60 Hz output frequency

connection diagram

Dual-In-Line Package

TURNER
Voo  OUTPUT OSCOUT OSCIN

8 7 [ 5

0sCIN

TUNER

|1 2 3 [4
DIVIDER  vgg Ne Ne
(60 Hz)

outPuT TOP VIEW

FIGURE 1.

Order Number MM5369N -
See Package 17

osc

block diagram

oscout

ouTPUT |

BUFFER

17 STAGE DIVIDER

b }

RESET PULSE GENERATOR

DIVIDER
BUFFER }_’ ouTPUT

FIGURE 2,

2-7

69ESININ




MM5369

absolute maximum ratings

Voltage at Any Pin

Operating Temperature -
Storage Temperature -65°C to +150°C
Package Dissipation 500 mW
Maximum V¢ Voltage 18V
Operating Ve Range 3V to 15V
Lead Temperature (Soldering, 10 seconds) 300°C

—0.3V to Ve +0.3V
0°C to +70°C

electrical characteristics

T o within operating temperature range, Vgg = GND, 3V < VDDkg 15V unless otherwise specified.

PARAMETER CONDITIONS ' MIN TYP MAX UNITS
Quiescent Current Drain Vpp= 15V 10 ' LA
Operating Current Drain Vpp= 10V, fin = 4.19 MHz 1.2 25 mA
Frequency of Oscillation Vpp= 10V DC 4.5 MHz

Vop= 6V : DC ‘ 2 MHz
Qutput Current Levels VDD= 10V
Vour =58V : :
Logical 1" Source 500 MA
Logical *'0"" Sink } 500 : HA
Output Voltage Levels Vpp= 10V
1o =10 uA
Logical 1" ) 9.0 \Y
Logical 0" . 1.0 \

. functional description

A connection diagram for the MMS5369 is shown in
Figure 1 and a block diagram is shown in Figure 2.

DIVIDER

A pulse is generated when divider stages 1 through 4, 16
and 17 are in the correct state. By mask options, this
pulse is used to set or reset individual stages of the
counter, thus varying the modulus of the counter from
10000 to 98000. Figure 4 shows the relationship
between the duty cycle and the programmed modulus.

TIME BASE

A precision time base is provided by the interconnection
of a 3,579,645 Hz quartz crystal and the RC network
shown in Figure 3 together with the CMQOS inverter/
amplifier provided between the OSC IN and the OSC
OUT terminals. Resistor R1 is necessary to bias the
inverter for class A amplifier operation. Capacitors C1

OUTPUTS

and C2 in series provide the parallel load capacitance
required for precise tuning of the quartz crystal.

The network shown provides > 100 ppm tuning range
when used with standard crystals trimmed for C_ =
12 pF. Tuning to better than +2 ppm is easily ob-
tainable.

The Tuner Output is a buffered output at the crystal
oscillator frequency.-This output is provided so that the
crystal frequency can be obtained without disturbing the
crystal oscillator. The™ Divide Output is the input fre-
quency divided by the mask programmed number. Both
outputs are push-pull outputs. A typical application of
the MM5369 is shown in Figure 5.

2-8




functional description (cont.)

10
100
‘DC a /
05CIN=—= f— = — =Y — — — - —osCOuT 4
=~ 80
AAA- g 70 |-"STANDARD" MM5369N g
R1 50
M ; *x ik : 50 y //
0| 3 2 =
4 L = 4 = L~
/— 4] Jsmsasmnx 2 S 3 [
7t 36 p Cy = 12pF Jn,r 2
Vop OR Vss 10
0
0 10 20 30 40 50 60 70
b DUTY CYCLE (%)
FIGURE 3. Crystal Oscillator Network FIGURE 4. Plot of Divide-By Vs Duty Cycle
3 oL L] =
ook R ks
) < . ALARM
: T BRIGHTNESS DRIVE
. ls CONTROL 47, .
Voo FAST SLOW ALARM SLEEP ALARM ALARM Pd
15 Vac 3 50 Hz (SET  SET  OFF, DISPLAY DISPLAY out p<il
60 Hz Sk MM5369 MM5385 V¥
Vss SLEEP 411  SLEEP
_L— ou vV ¥ DRIVE
—— L1 [0 | [0 (0]
aw
< — —
asamm J J
[ll-j mo | == | | ieoh o f— _\:T Vo
”"'I j—"’"‘ [ — — —
ARA )| 1 1 I
VWA +* *

FIGURE 5. Clock Radio Circuit with Battery Back-Up

25
'I
20 /'
4
o 15
i |~ Vpo = 10V /’ ) I
[}
a 10 . L
i 25,875 32,784
=" ® l: " cois T COUNTS
05 B 59,659 COUNTS —————————————mr]
" -~ -
/,/-—\/ “[ Vop=5V
o L= |
o1z 3 4 s
MHz

FIGURE 6. Typical Current Drain Vs Oscillator Frequency

*To be selected based on xtal used

FIGURE 7. Output Waveform for Standard MM5369
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MM5865

MM5865 universal timer
general description

The MM5865 Universal Timer is a monolithic MOS
integrated circuit utilizing P-channel low-threshold,
enhancement mode and ion-implanted depletion mode
devices. The chip contains all the logic required to
control the two 4-digit counters, blank leading zeros,
compare the two counters and to cascade with another
MM5865. Input pins start, stop, reset and set the
counters, determine which of the 7 functions is per-
formed, the resolution of the display (0.01 sec, 0.1 sec,
1 sec, or external clock) and what modulo the counters

divide by. Outputs include the comparator output,”

multiplexed BCD outputs and digit enables. The BCD
outputs interface directly with MM14511, a BCD to

. 7-segment decoder, which interfaces with a LED display.

The digit enable outputs of 2 cascaded MM5865's
interface directly with a DM8863 LED 8-digit driver.
A DS8877 or DS75492 Hex Digit Driver may be used
with a single MM5865. The digit enable outputs inter-
face directly with a DM8863, a LED digit driver. The
7 functions include start-stop with total elapsed time,
start-stop with accumulative event time, split, sequential
with total elapsed time, rally with total elapsed time,
program up count and program down count. The circuit
uses a 32.8 kHz crystal or an external clock and is
packaged in a 40-lead dual-in-line package.

‘applications

® Stop watch

Kitchen timer

Oven timer

Event timer/counter
Rally timer
Navigational timer
Industrial timer/counter

Counters/Timers

For additional application information, see
AN-168 and AN-169 at the end of this section.

features
® Function 1:Standard Start-Stop with total elapsed
time memory

® Function 2:Standard Start-Stop with total accumu-
lative event time

B Function 3:Sequential with total elapsed time
memory

Function 4: Standard split

= Function 5: Rally with total elapsed time memory

m Function 6: Programmable up count. Repeatable
upon command

®m Function 7: Programmable down count

m Comparator output

8 Crystal controlled oscillator (32.8 kHz)

8 External clock input {option)

® Provides external clock

® Select resolution

m Select count up or down

= Select modulo 6 or 10 for digits 2, 3 and 4

Blanking between digits

a | eading-zero blanking

& Multiplex rate output

®  External multiplex rate input {option)

8 Can be cascaded

® Waiting state indicator

®m Simple interface to LED display

| Elimination of illegal time display at turn-on

= Wide power supply range 7V—20V

block and connection diagrams

Dual-In-Line Package

PROGRAM:> CONTROL
o l—»|  counrer
DIGITS 1-4 ER c1ouT DIVIDE SCALER 1 —; U LU
39
=y 39 procRAM DIGIT ¥/
sgmg::> DIVIDE SCALER 2 = EATen cont Ao
OIVIDE SCALER 3 = ;- PROGRAM DIGIT2
FUNCTIONS COMPARATOR ENABLE =] L=Z procram pigiT 3
17 COMPARATOR, - BCD FUNCTION 1 = |36 procRAM oiGIT 4/
DISPLAY SELECT, UTPUTS % 3o WAITING STATE
CONTROL CONTROL LATCHES, MULTI. FUNCTION 2 |25 conTroLc1 v
C1iN Logic PLEXER AND LEADING DIGIT FuNCTIon 3 =] 34 oNTROLCE OUT
CONTROL ___,| ZERD BLANKING OUTPUTS )
C2iN FUNCTION 4 =] =Bt
RESET——> FUNCTION 5 —] b—8CD 2
1
START/STOP ——| FUNCTION 6 === :—; BCD4
FINAL EVENT ————b] CONTROL FUNCTION 7 — 508
COMPARATOR cour FINAL EVENT STOP/ 12} ER
ENABLE COMPARATOR OUT 73 PR
RESET— - 2 owair2
. STARTISTOP o 2 pigira
MULTIPLEX ose cLoCK WouT = Z oicima
ot MULTIPLEXER ¢—{ 1BSTAGE DIVIDER ] it { asoour RESOLUTION SELECT 1 =] L2 conTRoL c2 0ut
MULTIPLEX IN > . RESOLUTION SELECT 2= %-mmm c2in
Vs —— BLANKING —1 e MULTIPLEX 1N
Vo | osc N — - MuLTIPLEX OUT
—_— 0sc ouT —f — Voo

1
RESOLUTION
SELECT 2 .

FIGURE 1.

Order Number MM5865N
See Package 24

FIGURE 2.

oot J R BLANKING BLANKING
T TOP VIEW




absolute maximum ratings

G98SININ

Voltage at Any Pin ’ Vgg + 0.3V to Vgg — 25V
Operating Temperature -25°C to +70°C
Storage Temperature -65°C to +160°C
Lead Temperature {Soldering, 10 seconds) 300°C

electrical characteristics
T A within operating range, 7V < Vgg < 20V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
lpp Power Supply Current 7 15 mA
Input Frequency at OSC IN dc 32.8 80 kHz
Multiplex Frequency Vgs 2> 10V dc 0.4 80 kHz
Blanking Frequency . dc. 0.8 10 kHz
Clock Frequency Vgg =7V dc 0.1 10 kHz
Vg = 10V dc 100 kHz
Input Levels
Input Logic Low Internal Resistor Voo Vpp+1 \4
Input Logic High ~100k to Vpp Vgs— 1 Vss \%
OUTPUT CURRENTS ) '
Digit and BCD Outputs Vgs =7V
Source Current Vout = Vss =2V 1 mA
Sink Current VouT = Vgs — 6.3V 1 MA
Blanking Output Vgs =7V
Source Current . Vout = Vss — 2V 1 mA
Sink Current VouT = Vgs — 6.3V 1 HA
Multiplex Output Vgs =7V
Source Current VouTt = Vgs — 2.5V 500 MA
Sink Current VouT = Vgs — 6.3V 8 : MA
Clock Output Vgs =7V )
Source Current Vour =Vss —4V 10 CMA
Sink Current Vout = Vgs — 6.3V 5 MA
Control C1, C2 Qutputs Vgs =7V
Source Current Vout = Vgs — 2.5V 500 ’ HA
Control C1, C2 Inputs Vgs =7V ‘
Sink Current VN = Vgs —6.3V 8 N MA
Comparator Output Vgs =7V
Source Current Vout = Vss =2V 1 mA
Sink Current VouT = Vgg — 6.3V 1 HA
Waiting State Indicator Vgg =7V
Source Current Vout = Vss — 2V 1 mA
Sink Current VouTt =Vgs —6.3V 1 uA




MM5865

FORCES T0 me—ip |
THIS STATE

functional description

A ‘block diagram of the MM5865 Universal Timer is
shown in Figure 1. A connection diagram is shown in
“Figure 2. Unless otherwise indicated, the following
discussions are based on Figure 1. '

Function 1

In Function 1, counters 1 and 2 count up beginning
with a transition on the Start-Stop pin from Vpp to
Vgs. Counter 2 is shown counting. A second transition
from Vpp to Vgs on the Start-Stop pin inhibits the
clock pulses to counter 2, stores and displays the con-
tents of counter 2. Counter 1 continues to count. The
third transition from Vpp to Vgg on the Start-Stop
pin resets counter 2, enables clock pulses to counter 2
and ‘displays counter 2 counting. Subsequent Start-
Stop transitions repeat this sequence, all this time
counter 1 continues to count. At the conclusion of
the last event to be timed, a Final Event Stop transition
from Vpp to Vgg inhibits the clock to both counters
and displays counter 2. A Start-Stop transition from

POWER-ON

RESET POWER ON RESET

DISPLAY BLANK

FORCES T0 —p|
THIS STATE

COUNTER 1 COUNTING
COUNTER 2 RESET + COUNTING
DISPLAY COUNTER 2

COUNTER 1 COUNTING
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT|

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1IRHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 1

Vpp to Vgg switches the display from counter 2 to
counter 1. Repetitive Start-Stop transitions switch the
display between counter 2 and counter 1.

Function 2

In Function 2, counter 1 and 2 count up beginning with
a transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
inhibits the clock pulses to both counter 1 and counter
2, stores and displays the contents of counter 2, The
third transition on the Start-Stop pin resets counter 2,
enables the clock to both counters and displays counter
2 counting.” Subsequent Start-Stop transitions repeat
this sequence. At the conclusion of the last event to be
timed, a Final Event Stop transition inhibits the clock
to both counters and displays counter 2.- A Start-Stop
transition switches the display from counter 2 to
counter 1. Repetitive Start-Stop transitions switch the
display between counter 2 and counter 1. -

POWERON

—

POWER DN RESET N
DISPLAY BLANK

RESET

COUNTER 1 COUNTING
COUNTER 2 RESET + COUNTING
DISPLAY COUNTER 2

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT)

COUNTER 1INHIBITED
COUNTER2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 2




THIS STATE

functional description (con’t)

Function 3

In Function 3, counter 1 and 2 count up beginning withA

a transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
stores and displays the contents of counter 2, resets
counter 2, and initiates a new up-count in counter 2;
however, the new up-count is not displayed. Counter 1
continues to count. A transition on the Latch Control
pin will display counter 2 counting until another transi-
tion on the Start-Stop pin. A Final Event Stop transition
inhibits the clock pulses to both counters 1 and 2 and
displays the contents of counter 2. A Start-Stop transi-
tion after the Final Event transition switches the display
from counter 2 to counter 1. Repetitive Start-Stop
transitions switch the display between counter 2 and
counter 1. :

' POWER ON

POWER ON RESET

RESET
FORCES TO e DISPLAY BLANK

COUNTER 1 COUNTING
COUNTER 2 COUNTING
DISPLAY COUNTER 2

COUNTER 1 COUNTING
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT

COUNTER 1 COUNTING
COUNTER 2 COUNTING
DISPLAY COUNTER 2'S LAST COUNT

—

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

NO /sTART
sTor

YES

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

START "\ YES
STOP

Flow Chart for Function 3

Function 4

In Function 4, counter 2 counts up beginning with a
transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
stores and displays the contents of counter 2. Subse-
quent Start-Stop transitions update the display. of
counter 2. A transition on the Latch Control pin will
display counter 2 counting until a transition on the
Start-Stop pin. A Final Event Stop transition inhibits the
clock pulses to counter 2 and displays the contents of
counter 2,

POWER ON

RESET
FORCESTO
THIS STATE

v 4
COUNTER 2 INHIBITEQ
DISPLAY COUNTER 2

1 1

COUNTER 2 COUNTING
DISPLAY COUNTER 2 UPDATE

COUNTER 2 COUNTING
DISPLAY COUNTER 2'S
LAST COUNT

Flow Chart for Function 4
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MM5865

functional description {con’t)
Function 5

In Function 5, counter 1 and 2 count up beginning with
a transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
inhibits the clock pulses to counter 2, and the contents
of counter 2 are displayed. Counter 1 continues count-
ing. The third Start-Stop transition enables the clock
pulses to counter 2 and counter 2 is displayed counting.
Subsequent Start-Stop transitions repeat this sequence,
all the time counter 1 continues counting. At the conclu-
sion of the last event to be timed, a Final Event Stop
inhibits the clock puises to both counters 1 and 2, and
displays counter 2. A Start-Stop transition switches
the display from counter 2 to counter 1. Repetitive
Start-Stop transitions switch the display between counter
2 and counter 1.

POWER-ON

RESET

FORCES T0 ewm—ep
THIS STATE

POWER ON RESET
DISPLAY BLANK

COUNTER 1 COUNTING
COUNTER 2 COUNTING
DISPLAY COUNTER 2

COUNTER 1 COUNTING
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT,

COUNTER 1INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 5

Function 6

In Function 6, counter 1 is displayed at power-on or
reset. Counter 1 is set to a specific count by Program
Digit 1—4 pins. Then the comparator is enabled. Counter
2 is displayed counting up beginning with a transition
on the Start-Stop pin. When counter 2 is coincident with
counter 1, the clock pulses to counter 2 are inhibited,
the contents of counter 2 are displayed and the Com-
parator Qutput is enabled. Upon the transition of Reset,
counter 1 is again displayed with the time that was set,
and the Comparator Output is disabled. Counter 1 can
be reprogrammed by the Program Digit 1—4 pins if
desired. A Start-Stop transition repeats the sequence.

If the Comparator Qutput pin is connected to the
Reset pin, Automatic Reset will occur; however, this
connection must be broken during digit programming.

POWER ON

I

POWER ON RESET

DISPLAY COUNTER 1,
SET COUNT IN COUNTER 1
ENABLE COMPARATOR

COUNTER 1 INHIBITED
COUNTER 2 COUNTING UP
DISPLAY COUNTER 2

COUNTER 1 INHIBITED

COUNTER 2 INHIBITED

» DISPLAY COUNTER 2
COMPARATOR OUTPUT ENASLED

— ' iy

RESET COUNTER 2
DISPLAY COUNTER 1

YES

Flow Chart for Function 6




functional description (con’t)
Function 7

In Function 7, counter 1 is displayed all the time.
Counter 1 is set to a specific count by Program Digit
1-4 pins. Then the comparator and Control C1 In
are enabled. Pin 4 and pin 35 must be floating or con-
nected to Vpp during digit programming. Counter 1
counts down from the set count beginning with a
transition on the Start-Stop pin. When counter 1 counts
down to zero, the clock pulses to counter 1 are inhib-
ited and the comparator Qutput is enabled. This is not
repeatable without setting a new count into counter 1.
The comparator and Control C1 In must be inhibited
and a reset pulse must occur before the new count
may be entered.

POWER ON

3

POWER ON RESET
DISPLAY COUNTER 1,
SET COUNT IN COUNTER 1
ENABLE COMPARATOR

COUNTER 1 COUNTING DOWN
DISPLAY COUNTER 1

QuTPUT

COUNTER 1INHIBITED
DISPLAY COUNTER 1
COMPARATOR OUTPUT ENABLED

YES

NO

Flow Chart for Function 7

Reset

This input will reset all logic and counters in Functions
1-5 and Function 7. In Function 6, Reset will reset
logic but not counter 1. Reset is internally pulled to
Vpp. or a logic zero. For a reset to occur, the Reset pin
must be held to Vgg, a logic one.

Start-Stop

This input is used to control the counters. How it affects
the counters is explained in each function. For Start-

Stop to affect the counters, it must be held to Vgg,
a logic one. Logic zero results when the pin is tied to
Vpp or left floating (internal pull-up to Vpp ).

Final Event Stop/Comparator Output

This pin is used to indicate to the circuit that no more
events will be timed or counted. Final Event Stop affects
the circuit when it is held to Vgg. There is an interpal
pull-up to Vpp. This pin is also an output pin, Vgg
indicates comparison between the two counters,

Divide Scale Ihputs

These three ‘inputs are used to determine whether the
counters will count in Modulo 6 or Modulo 10. Table |
shows the code for which digit will count in Modulo 6
or Modulo 10. A logic one is when the pin is held to

Vgs. When the pin is tied to Vpp or left floating (inter-’

nal pull-up to Vpp), a logic zero results.

TABLE 1. Divide Scaler Code

SDCl/\Alll.IfDEE{ COUNTER 1 COUNTER 2
1 2 3 D4 D3 D2 D1 D4 D3I D2 DI
0 0 0 10 10 10 10 10 10 10 10
1 0 0 6 10 10 10 6 10 10 10
0 1 0 10 6 0 10 10 6 10 10
1 1 0 0 10 6 10" 10 10 6 10
4] 0 1 10 10 10 10 10 10 10 10
1 0 1 10 10 10 10 6 10 10 10
0 1 1 10 10 100 10 10 6 10 10
1 1 1 10 10 10 10 10 10 6 10

Comparator Enable

This input enables the comparator. To enable the com-
parator, the pin is held to Vgg or logic one. To disable
the comparator, the pin is tied to Vg or left floating
(internal pull-up to Vpp ).

Resolution Select Inputs

These two inputs are used to select the frequency of the
clock pulses to the counters, Table Il shows the code for
each frequency. A logic one is when the pin is held to
Vss. A logic zero results when the pin is tied to Vpp or
left floating (internal pull-up to Vpp).

TABLE Il. Resolution Select Code

ESOLU N
R | oresass | o
1 2 COUNTERS RESOLUTION
0 0 100 Hz 0.01 sec
0 1 10 Hz 0.1 sec
1 0 1Hz 1 sec
1 1 External

2-15
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MM5865

functional description (con‘t)

]
Clock In/Out

This pin is either an input or output depending on the
code at the Resolution Select inputs. If the pin is used as
an output pin, it will output the clock frequency the
Resolution Select inputs have selected. When used as an
input, an external clock is used to clock the counters,

Blanking Output

This output is used to blank the display at the beginning
and end of each digit time to allow for internal delay
between two cascaded chips, see Figure 3. The display
is blanked when the Blanking Qutput is at Vpp.

f 10 —f i 125ms
0IGIT Vss

CHIPT vm,_r—L 1

ooy
CHIP2 -
DIGIT 2

CHIP 1

DIGIT2 '

CHIP2

DIGIT3 . ™

CHIP1

DIGIT3

CHIP2

DIGIT 4 |
CHIP1

DIGIT4
CHIP2

1
-
I

BLANKING Vss
_OUTPUT Voo

— dlosm
I

1.25ms

0.03ms —~

— L—IUZZ ms.

FIGURE 3. Blanking Output
Oscillator In and Out

A quartz crystal, resonant at 32.8 kHz, two capacitors
and one resistor, together with the internal MOS circuits
form a crystal controlled oscillator as shown in Figure 4.
Varying one.of the capacitors allows precise frequency
settings. For test purposes, OSC IN is the input and OSC
.OUT is the output of an inverting amplifier.

Vss
l MOS CIRCUIT
| 19 I
6.25 pF » TODIVIDER
’ CIRCUITS

T 25pF
FIGURE 4. Crystal Oscillator

Multiplex Input and Output

The Multiplex Input pin allows an external multiplex

plex Output pin is four times the internal multiplex
rate, To use the Multiplex OQutput pin, the Multiplex
Input pin must be tied to Vpp. The Multiplex Input
must be used if the oscillator pins are not used. If the
Multiplex Input pin is used, OSC IN, OSC QUT and the
blanking output are not used.

Control C1, C2 In and Control C1, C2 Out

rate to be used in the chip. The multiplex rate inside the '

chip is one fourth the Multiplex Input and Multiplex

Output rate. When using the Multiplex Input.pin, the

Multiplex Output pin must be tied to Vgg. The Multi-

These four input pins are used to cascade two chips
together. When the Control C1 In pin is floating (inter-
nal pull-up to Vpp) or tied to Vpp, the clock pulses to
counter 1 are inhibited. When Control C1 In is at Vgg,
counter 1 is enabled. Control C1 Qut is at Vgg when
counter 1 is at its maximum count, and it is floating
at all other times. The Control C1 In pin must be
floating (or connected to Vpp) while digit program-
ming in Function 7. Control C2 pins operate on counter
2 in a similar manner.

Program Digits 1-4

These four input pins are used to program or set any
count desired in counter 1 in Functions 6 and 7. When
Program Digit 1 is at Vgg, the least significant digit of
counter 1 advances at a 2.5 Hz rate. There is no carry-
over from digit to digit. Program Digit 1.has no effect if
tied to Vpp or left floating (internal pull-up to Vpp ).
Only one Program Digit input may be held to Vgg at
atime. '

Program Digit 1/Latch Control

This input has two functions; besides setting a count in
digit 1 of counter 1 in Functions 6 or 7, it also affects
Functions 3 and 4. In Functions 3 and 4, this input
allows the display to show counter 2 counting as des-
cribed in Functions 3 and 4.

Program Digit 4/Waiting State Indicator

This input besides setting a count in digit 4 of counter 1
in Functions 6 and 7, also indicates that the chip has
been reset and is in the stand-by mode at power-on. In
Functions 1-5, the Waiting State Indicator is at Vgg
until a Start-Stop transition has occured..Once a Start-
Stop transition has occured, the output remains at Vpp.

Leading Zero Blanking

In Functions 1-5, leading zeros are blanked for both
counters 1 and 2. In Functions 6 and 7, counter 2 has
leading zero blanking. At power-on, the display is blank
in Functions 1--5, and all zeros are displayed in Func-
tions 6 and 7.

Output Circuits

For BCD and Digit Outputs, Vgg is a logic one. Figure 5§
illustrates the circuit used for all outputs except for
Control C1, C2:Out. The Control C1, C2 Out circuit is
illustrated in Figure 6. Figure 7 illustrates the simple
interface needed for an 8-digit stop-watch. Figure 8
illustrates the MM5865 being used to count how many
events occur in a specified time. Figure 9 shows the
MMB5865 as a simple industrial counter when the input
clock is a constant frequency above 400 Hz.
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functional description (con‘t)

TIME

EVENT

® o6 o
—
1

—) .

I

| Sm—]

® o oo eo -
—
lU___]

150
ms

MM14511

_Ilﬂ | [ [

DM8363

PROGRAM

DIGIT
i

GND O

b [LLT [Tl LT

2 ]40[ L1l 30

Hwo MMS855

MM5865

20 DWTTTTTETTT T

TTTeo

comp
" ENABLE

—l? RESET

—L— starsstor
p——=0 O

EVENT

(CLOCK IN)

Display 15 events have occured in 1 minute

jul
T

Maximum events 99,999,999
Maximum Time 99m §95

6-25 pF T 25 pF._.l:

FIGURE 8. Application of MM5865 to Count Eventsin a Specifi;ad Time




functional description (con’t)

G98SININ

N
Il
I

(13333
il 9 e L L
MMI14511 DMB863

>~—

GND O
+10V O— T
Lnllllll a0 IIIIZ1

MM5865

T T T T T W T[] TT &
l

/C RESET
Display reads a count of 1234

/CSTART/STUP Maximum count 9999

FIGURE 9. Industrial Counter

CLOCK O




MM53107

MMb53107 17-stage oscillator/divider

general description

The MM53107 is a low threshold voltage CMOS
integrated circuit with 17 binary divider stages that can
be used to generate a precise 60 Hz reference from a
2.097152 MHz quartz crystal. An internal pulse is
generated by the combinations of stages 1—4, 16 and
17 to set or reset the individual stages. The number
the circuit will divide by is 34,952, The MM53107 is

advanced one count on the positive transition of each -

clock pulse. One buffered output is available: the 17th
stage 60 Hz output. The MM53107 is available in an
8-lead dual-in-line epoxy package.

Counters/ T_im ers

features

Divides by 34,952

Input frequency—2.097152 MHz
Output frequency—60 Hz

Crystal oscillator

High speed (2 MHz at Vpp = 2.5V)
Wide supply range 2—6V

Low power (0.5 mW @ 2 MHz/2.5V)
Fully static operation

8-lead dual-in-line package

block and connection diagrams

Dual-In-Line Package

Vpp NC  0SCOUT OSCIN
Ia 7 6 5
osCiN— o0sC >
17 STAGE DIVIDER 9-»|surren—p DVDER
0SC OUT
MM53107
VL \A A v
RESET PULSE GENERATOR T T
Vss Voo
FIGURE 1
I
DIVIDER  Vgg NC NC
(60 Ha)
ouTPUT
TOP VIEW
FIGURE 2

' typical performance characteristics

.

Order Number MMS3107N
See Package 17

Typical Current Drain vs
Oscillator Frequency

600 —
550 |*CRYSTAL L1/
FREQUENCY | /
500 . 4MHz*//
., 250 7/
£ Y /YA
2 VIV
3 7AVO Yl
2 250 A
= 200 [ 3.5 MHz¥, /<
150 | | //// 153 MHz*]
100 |20 MHz* 74(0,9MH1*<1_
.50 | R~ <
0 1 2 3 a 5 6 7
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absolute maximum ratings

LOLESININ

Voltage at Any Pin —0.3V to Vgc + 0.3V .

Operating Temperature 0°C to +70°C

Storage Temperature —65°C to +150°C

Package Dissipation : 500 mwW

Maximum Vg Voltage 6V

Operating V¢c Range ' 2,5V to 6V

Lead Temperature {Soldering, 10 seconds) } ©300°C |

electrical characteristics
T A within operating temperature range, V§s = Gnd, 2.5V < Vpp < 6V unless otherwise specified.

PARAMETER CONDITIONS MIN ‘TYP MAX UNITS
Quiescent Current Drain Vpp= 6V 10 HA
Operating Current Drain Vpp= 2.5V, fiN = 2.1 MHz 200 MA
Frequency of Oscillation VpD= 2.4V dc 2.1 . MHz

Vpp= 6V ) dec 4.0 MHz
Output Current Levels )
Logical ““1 " Source VpDp =4V, . 100 MA
Logical *‘0,** Sink VouT = 2V 100 uA
Output Voltage Levels ‘
Logical 1" VpDp= 6V 5.0 \Y
Logical “0" I0=10uA ‘ 1.0 v

functional description

The network shown provides > 100 ppm tuning range
when used with standard crystals trimmed for C| =
12 pF. Tuning to better than +2 ppm is easily obtainable.

DIVIDER

A pulse is generated when divider stages 1—4, 16 and 17
are in the correct state. This pulse is used to set or reset
individual stages of the counter, the modulus of the
counter is 34,952,

A connection diagram for the MM53107 is shown in
Figure 2 and a block diagram is shown in Figure 1.

TIME BASE

A precision time base is provided by the interconnection
of a 2,097,162 Hz quartz crystal and the RC network
shown in Figure 3 together with the CMOS inverter/
amplifier provided between the Osc In and the Osc Out

terminals. Resistor R1 is necessary to bias the inverter
for class A amplifier operation. Capacitors C1 and C2
in series provide the parallel load capacitance required
for precise tuning of the quartz crystal.

OUTPUT

The Divide Output is the input frequency divided by
34,952, The output is a push-pull output. A typical
application of the MM53107 is shown in Figure 5.

0SCINem— e — e e e ——— —~4- —o0scouT
AN : e
ZFI‘I}VI > - | 2,168 I 32,784 g
10
_L c1 2,0]97,152 Hz c2
5-36 pF Cp=12pF

Vpp OR Vg5 —@

*To be selec.ted based on the crystal used
FIGURE 3. Crystal Oscillator Network

—I—JOpF

FIGURE 4. Duty Cycle




MM53107

functional description (Continued)

12v
Voo Vop
-8 K 1
5 LULLSSSSSEN P 5 :_-g‘
6-36 pF _Lz.ns i | Vpo o 2
— > 20M D4
b3 MMs3107 1 3 558
T 6 HOLD @ —pf10 ¢ 2
= 1 .
A [}
w —J_—” PF s SETHRS e —p]18 n :nx :
Y
= 2l
= Jvss L 72
1 SETMINSG @ o] 17 22 |45
v
| -
MANUALTV “ON". — 14
.
MANUAL TV “OFF" @ ——415
1 MMS3100
DISPLAY SELECT L— —16
ENABLE @  mmd 7
i
v sTanpeY b—" —-5
a TV DN
50/60 He
* : SELECT ), ouTPUT
.
PERIOD AUTO “ON"
NORMALLY SELECT X ouTPUT
HARD WIRED n .
FOR EACH
APPLICATION A
- PERIOD VIEWPERIOD
SELECTY | PULSE OUTPUT
’ 13
9V A IVSS
9v

Note. Vgg of MM53107 and
MM53100 are common.

TO TV VIDEO

=T

0SC INH.

oM74C00°S

2k

DISPLAY OFF
] >

CHANNEL
UNITS

CHANNEL

CLOCK

TENS

| 35—

25

26

2

_Mmssag

OUTPUT CIRCUIT
INTENSITY
ADJ.

oUTPUT =
JlL,,
& l
HORIZ. r—W—e <y
FROM TV
HORIZONTAL
< RETRACE
6.8k & ” ” -
< v
VERT.
VERTICAL
RETRACE
HORIZONTAL
0.001 POSITION
| ApJ.
50k
"'_'V[HTK:AL
01 POSITION
| Y ADJ.
I N/
100k
12v

DIGIT SELECT 12V FOR 8-DIGIT S I
GNOD FOR 5-DIGIT

MODE CONTROL 12V FOR CHANNEL AND TIME

. GND FOR CHANNEL ONLY <

FIGURE 5. Typical Application TV Channel and Time Display

- 222




MM5865 Universal Timer Applications

introduction

A single chip universal counter and timer is now available
from National Semiconductor Corporation through
distributors of their products.

The MMS5865 universal timer contains, in one 40-pin
package, two 4-digit counters, oscillator, 18-stage divider,
multiplexer, and all the logic required to control the
counters, blank leading zeros, compare the two counters,
program one of the counters, and cascade two MM5865
integrated circuits.

The MM5865 provides input pins for seven modes of
timing and/or counting operations. When the chip is
used as a timer, two input pins may be programmed to
provide a display resolution of 0.01 second, 0.1 second,
1 second, or external clock. In addition, the modulo by
which the counters divide may be programmed using
three divide scaler input pins.

The outputs include the comparator output, multiplexed
BCD segment outputs, and digit enable. The BCD seg-
ment outputs interface directly with the MM14511
(CD4511), a BCD to 7-segment latch/decoder/driver
which interfaces with an LED display. The digit enable
outputs of cascaded MM5865s interface directly with a
DS8863 (DM8863), an MOS to LED 8-digit driver. A
single MM5865 interfaces directly with a DS8877 or
DS75492 6-digit driver.

When a suitable crystal is used with the MM5865 oscil-
lator, the counters of a single chip (or those of two chips
cascaded) may -be used as timers with the following
functions: ’

1. Counter 2: Start-Stop timing
Counter 1: Total elapsed time

2. Counter 2: Start-Stop timing
Counter 1: Total accumulated time

3. Counter 2: Sequential event timing
Counter 1: Total elapsed time

4. Counter 2: Split-timing with total elapsed time
Counter 1: Not actively used

5. Counter 2: Total accumulated time
Counter 1: Total elapsed time

6. Counter 2: Up counter
Counter 1: Programmable counter *

7. Counter 2: Programmable down counter
Counter 1: Not actively used

Counters/Timers

Therefore, one or two MM5865s along with two other
integrated circuits and a 4- or 8-digit display may be
used in the following applications:

1. Photographic enlarger timer, with each digit indi-
vidually programmable

. Stopwatch

. General purpose timer
. Event timer/counter

. Rally timer

. Navigational timer

N OO WN

. Industrial timer/counter

The MM5865 may also be used as a frequency counter,
or it may be used as the time reference of a larger
frequency counter. The maximum oscillator frequency
of the MM5865 is 80kHz; the maximum clock input
frequency is 100kHz.

how the MM5865 operates

As can be assumed from the brief description above, the
MM5865 is a very powerful integrated circuit, capable
of many applications. Therefore, in order to fully stim-
ulate the imagination of readers, its repertoire will be
presented in detail. .

A block diagram of the MM5865 universal timer is shown
in Figure 1, and the connection diagram is shown in
Figure 2. As nearly as possible, all technical terms in the
following discussion conform to definitions presented
in the Radio Shack Dictionary of Electronics, edited by
Rudolf F. Graf.

Multiplexer

Because of the internal multiplexer, only one BCD to
7-segment latch/decoder/driver need be used to inter-
face one or two MMb865s to a suitable display. The
multiplexer may be controlled in three ways.

An externally generated multiplex frequency may be
applied to the Multiplex Input pin of the MM5865. An
external clock is then applied to the Clock Input pin.
(For example, an LM555C may be used as a square-wave
oscillator to provide the necessary input to pin 23.)
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Figure 2. MM5865 connection diagram.

Figure 1. Internal block diagram of the MM5865 Universal Timer.

When an external multiplex rate is applied to the Multi-
plex Input pin, the Multiplex Output pin must be con-
nected to Vgg, and the Oscillator In, Oscillator Out, and
Blanking pins should be floating. The multiplex rate
inside the chip is one fourth the frequency applied to
the Multiplex Input pin. In this mode of operation two
MM5865s may not be cascaded. In fact, to make use of
the Multiplex Output pin, the Multiplex Input pin must
be connected to Vpp. The frequency at the Multiplex
Output pin is the same as that applied to the Multiplex
Input pin.

The multiplexer may also be controlled by using internal
MOS circuits to form a crystal controlled oscillator. To
form the oscillator a crystal, two capacitors, and one
resistor must be added externally. One of the capacitors

“should be variable to allow precise frequency settings.

When these external components are connected to the
Oscillator input and Oscillator Output pins, the Multi-
plex input pin must be connected to Vpp.

When the input clock is at a constant frequency above
400Hz the Multiplex Input pin may be connected to the
Clock Input pin. In this mode of operation the input
clock which is being counted is also used as the exter-
nally generated multiplex frequency. The multiplex
rate inside the chip will be one fourth the clock input
frequency as described above.
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Oscillator

Figure 3 shows how external components may be
connected to the Oscillator Input and Output pins. A
frequency counter used to adjust the frequency of the
oscillator may be connected to the Oscillator Qutput pin
through a 50pF capacitor.

vss
1
—
]9
c1 1
1 T0
DIVIDER
£ : CIRCUITS
= xral = R 1
N I
1
: )
20
o 3 é
T
EXTERNAL 1 INTERNAL
I
Figure 3. Crystal oscillator connections.
Divider

The divider stages produce the blanking output by
dividing the oscitlator input frequency by 41. This
output is used to blank the display at the beginning and
end of each digit time to allow for internal delay between
two cascaded chips. The display is blanked when the
Blanking Output is at Vpp.

The divider stages then divide the blanking output by 2
to generate the Multiplex Output. The frequency which
appears at the Multiplex Output pin is further reduced in
frequency by the divider stages so that the Resolution
Sclect pins may be used to program the resolution of the
display. Table | shows how these two inputs are used to
select the frequency of the internal clock pulses to be
applied to the two counters. The frequencies and display
resolutions for an oscillator frequency of 32.8kHz are
given.

Table |. Resolution Select Code. A zero indicates that the pin is
left floating {or connected to Vpp!; a one indicates that the pin
is connected to Vgg. Note that when an external clock is applied
to pin 15, pins 16 and 17 must be connected to Vgg.

Resolution Select | Fq
quency-of . .
Pin 16 | Pin 17 |Clock to Counters Display Resolution
0 0 100Hz 0.01sec
0 1 10Hz 0.1 sec
1 0 1Hz 1" sec
1 1 External —

The Clock Input/Output pin is either an input or an out-
put depending on the code at the Resolution Select input
pins. If the pin is used as an output it will output the
clock frequency selected by the program applied to pins
16 and 17. When it is used as an input an external clock
must be used to clock the counters.

Control Logic

The block labeled ““Control Logic’’ contains the logic
required to select one of the seven functions, reset all
logic and counters, start and stop the counters, indicate
that a final event has occurred, and display counter 2 in
Functions 3 and 4. ’

The selection of a function is accomplished by connect-
ing one of the seven function pins to Vgg; the other six
function pins are left floating.

The Reset Input will reset all logic and counters in
Functions 1-5 and Function 7. In Function 6, Reset
will reset logic and counter 2, but not counter 1. For
reset to occur the Reset pin must be momentarily
connected to Vgs. Internal control logic provides power-
on reset, however, to insure proper power-on res_etting
of all logic and the counters a 10uF, 35V Solid Tantalum
Capacitor (Allied #852-5680) should be used across the
Vss-Vpp powér busses.

In Function 6, the Reset Input pin may be connected
to the Comparator Output pin in order to automatically
reset logic and counter 2. When this connection is made,
a Start/Stop transition is all that is needed to repeat the
up count of counter 2.

The Start/Stop Input is used to control the counters by
momentarily connecting pin 14 to Vgg. The manner in

“which this input affects the counters during the execu-

tion of each function will be explained as the descrip-
tions of the functions are given.

The Final Event Stop/Comparator Qutput pin is used to
indicate to the circuit that no more events will be timed
or counted. Final Event Stop affects the circuit when it
is momentarily connected to Vgs. When this pin is used
as the comparator output, a Vgg level at the pin indicates
comparison between the two counters.

Additional Control Logic

The three Divide Scaler inputs permit the counters to
be programmed to count in Modulo 6 or Modulo 10.
Table 11 shows the possible codes which may be applied
to the Divide Scaler pins. A zero indicates that the pin
is left floating {(or connected to Vpp); a one indicates
that the pin is connected to Vgs.

Table Il. Divide Scaler Code

Divide Modulo
Scalers Counter 1 Counter 2
Pin Digit Digit
1 2 3 4 3 21 4 3 2 1
0 0 O 10 10 10 10 100 10 10 10
1 0 0 6 10 10 10 - 6 10 10 10
o 1 0 10 6 10 10 10 6 10 10
1 1 0 10 10 6 10 1010 -6 10
0o 0 1 10 10 10 10 10 10 10 10
1 0 1 10 10 10 10 6 10 10 10
o 1 1 10 10 10 10 10 6 10 10
111 10 10 10 10 10 10 6 10

A zero indicates that the pin is left floating {(or connected to
Vpp); a one indicates that the pin is connected to Vgs.

2-25
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For example, if the Resolution Select pins are program- function switch is switched to function 7), the compara-

med to give a.1 second display resolution {code “10") in tor must be disabled by 1) disconnecting the Comparator
a stopwatch application, and if the Divide Scaler code is Enable pin from ,Vss, and 2) momentarily connecting
110, then the maximum possible count for both the Reset pin to Vgg; this must be done before the digits
counters 1 and 2 would be 9959 (99 min, 59 sec). This are programmed. This is necessary, of course, because
means that the unit minutes display will advance by one connecting the Reset pin to Vsg after digit programming
digit every 60 seconds. M will simply reset counter 1 to “0000.” In function 6, a
Connecting pin 4 to Vgg' enables the comparator. In Reset transiti’?n afte,z,r digit programming does not reset
functions 1-5 the Comparator Enable pin must be left counter 1 to “0000.

floating {or connected to Vpp). In function 6 the
Comparator Enable pin must be connected to Vgg after
digit programming; if the Comparator Enable pin is con-
nected to Vgg (comparator enabled) at power on, the
Reset pin must be momentarily connected to Vgg before
a Start/Stop transition will begin the counter 2 count-up.

In addition, the Control C1 In pin (pin 35) must be
floating {or connected to Vpp) during digit programming
in function 7. After digit programming, the Control C1
In pin must be connected to Vgg before the count-down
begins. A DPDT, Center “OFF" switch connected as
shown in Figure 4, may be used to control both the

In function 7, if the Comparator Enable pin is floating Comparator Enable pin and the Control C1 In pin. In
{or connected to Vpp) when power is applied to the one position the DPDT switch connects the Control C1
chip, or when the function switch is switched to func- In pin to Vgg for functions 1 - 5. Digit programming may
tion 7, the Comparator Enable pin must be connected to be accomplished in function 7 by placing the switch in
Vgg after digit programming as in function 6; however, the Center “OFF'’ position. In the third position both
in function 7, if the Comparator Enable pin is connected the Comparator Enable and the Control C1 In pins are
to Vgs (comparator enabled) at power on (or when the connected to Vgg for functions 6 and 7.

16 15 )

12 NSA398 13

R3-RY

142
<

15 1a]13]16]12
CD14511

q 2] 6] ¢ 2[ [ of 8] 8
Voo 517 | 2N4400 ‘

so-59 | Fokbob -
i
7978
i ENABLE 1840 393837 36 2433323130 292827 2623

2

|
4 MM5865 20 ? |-—1
1
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256 78 9101 1213141713 m:; [ xTAL

DISPLAY
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, comp [ 3y
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o—o
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o 3] runcTiON
e || LR | e
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Figure 4. Stopwatch/Timer application showing the connections for a single MM5865. Two cascaded MM5865s may also be used, as
described in the text.
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Pins 36-39, the Program Digit 1-4 pins, are used to
program a desired count into counter 1 when using
functions 6 and 7. When any of the four Program Digit
pins are connected toVgg, the display digit of counter 1
associated with that pin advances at a 2.5Hz rate (assum-
ing the oscillator frequency is 32.8kHz). The Program
Digit 1 pin advances the least significant digit of counter
1; the Program Digit 4 pin advances the most significant
digit. There is no carry over from digit to digit, and only
one Program Digit Input may be connected to Vgg at
a time.

The Program Digit 1 pin also functions as a counter 2
latch control in functions 3 and 4. In functions 3 and 4,
momentarily connecting the Program Digit 1/Latch
Control pin to Vgg permits the display to show counter
2 counting.

The Program Digit 4 pin also serves two purposes; in
functions 1-5 this pin indicates that the chip has been
reset and is in the standby mode at power-on. Visual
indication of “this condition may be accomplished by
connecting a transistor between the Program Digit 4/
Waiting State Indicator pin and the Segment DP Anode
of a multiplexed display. With the transistor connected
as shown in Figure 4, the Waiting State Indicator pin will
be at Vgg at power-on until a Start/Stop transition
occurs. After a Start/Stop transition occurs, the Waiting
State Indicator pin will remain at Vpp until power is
removed from the chip.

Leading Zero Blanking

In functions . 1-5, leading zeros are blanked for both
counters. In functions 6 and 7, counter 2 has leading
zero blanking but counter 1 does not. At power-on the
display is blank (or all decimal points if the Waiting
State Indicator pin is used) in functions 1-5; all zeros
are displayed in functions 6 and 7.

Control C1, C2 In and Control C1, C2 Out

These four pins are used to cascade two chips together.
In this mode of operation the primary MM5865, which
is directly controlled by the crystal oscillator, connects
to another MM5865 in the following manner: the
Control C1 In pin of the primary chip is connected
to Vgg except during digit programming in function 7;
the Control C1 Qut pin connects to the Control C1 In
pin of the other MM5865; the Control C2 In pin of the
primary chip is connected to Vgg: the Control C2 Out
pin connects to the Control C2 In pin of the other
MMGE865; the Control C1 Out and the Control C2 Out
pins of the second chip are left floating.

When the Control C1 In pin is floating {or connected
to Vpp), the clock pulses to counter 1 are inhibited.
When the Control C1 In pin is connected to Vgg, counter
1 is enabled. Control C1 Out'is at Vgg when counter 1 is
at its maximum count, and it is floating at all other
times. The Control C2 pins affect counter 2 in a similar
manner.

Other possible connections between the two chips are:
1) all function pins connected together, 2) pins 12, 13,
14, and 15 connected together, 3) all BCD pins con-
nected .together, and 4) pins 39 connected together in
functions 1-5 only.

When two MM5865s are cascaded as described -above,
eight momentary switches or individual electrical signals

must be provided if every digit of the display is to be
programmable. In addition, another switch would have
to be provided to break the pin 39 connection between
the two chips in functions 6 and 7. Of course, all of the
switching action could be provided by one ganged
rotary switch if desired; even the function 6 Reset to
Comparator Out connection could be accomplished if
the proper switch were used.

Electrical Characteristics ’ .

The maximum supply voltage which may be connected
between Vgg and Vpp (Vpp = 0V) is 20V. National
specifies that the minimum voltage at which the chip
will operate is 7V; however, some chips will operate well
down to Vgg = 5V. With a 9V transistor battery used as
the power supply, and display inhibited, the power
supply current will be approximately 7mA to 15mA for
a one-chip stopwatch.

The maximum input frequency at the oscillator is 80kHz;
however, the oscillator and dividers are designed for stop-
watch applications using a 32.8kHz crystal. (A
32.768kHz crystal, available from Quest Electronics,
P.O. Box 4430E, Santa Clara, CA 95054, may be used
without much loss in accuracy.)

Drivers must be provided for the Digit and BCD Outputs.

Two MM5865s interface directly with the MM14511°

Segment Driver and the
or DS75492 Hex Digit
MM5865.

S8863 Digit Driver. A DS8877
river may be used with a single

The Seven Functions

The one-chip circuit shown in Figure 4 indicates all
connections necessary to employ the MM5865 as a 4-
digit stopwatch/timer. The seven available functions will
be described using this figure, in which the desired
function is selected by switching S5. When necessary,
refer also to Figures 1 through 3.

Function 1

In function 1, at power-on (S1 closed) four decimal
points are visible on the display, indicating that the
counters have been reset, but not necessarily all logic.
if the Comparator Enable pin is connected to Vgg (S3
in Function 6-7 position) at power-on, a Start/Stop
transition (obtained by momentarily closing S12) will
cause the decimal points to disappear from the display;
however, the chip will not begin counting. First it is
necessary to place S3 in the Functions 1-5 position,
then to reset the logic (by momentarily closing S11).

Once all logic is reset (either by applying power with S3
in the Functions 1-5 position or by the method dis-
cussed above), a Start/Stop transition will cause both
counters to begin counting up. The up-count of counter
2 is displayed, the least significant digit advancing at a
1Hz rate. A second Start/Stop transition inhibits the
clock pulses to counter 2 and stores and displays the
contents of counter 2; however, counter 1 continues to
count. A third Start/Stop transition resets counter 2,
enables clock pulses to counter 2 and, again, displays
counter 2 counting up. Subsequent Start/Stop tran-
sitions repeat this sequence. Counter 1 continues to
count, from the time of the first Start/Stop transition,
until the occurrence of a Final Event Stop transition
(obtained by momentarily closing S10). A Final Event
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_Stop transition inhibits the clock pulses to both counters

and displays counter 2. After this Final Event Stop
transition has occurred, a Start/Stop transition switches
the display from counter 2 to counter 1. Each subse-
quent Start/Stop. transition alternately displays one of
the counters.

To summarize, in function 1 both counters start counting
up with an initial Start/Stop transition. Counter 1
continues to count (recording total elapsed time) until
a Final Event Stop transition. Counter 2 (alternately)
starts, then stops counting with each Start/Stop transi-
tion (timing as many intervals as desired), until a Final
Event Stop transition. Any time'a Reset transition
occurs both counters are reset to “0000” and the display
blanks. ' -

Function 2

The only difference between functions 1 and 2 is that in
function 2, whenever a Start/Stop transition inhibits the
clock pulses to counter 2, the clock pulses to counter 1
are also inhibited. Start/Stop transitions which reset
counter 2 and enable clock pulses to counter 2 also
enable clock pulses to counter 1; counter 1 does not
reset, however. The up-count in counter 1 resumes at the
stored count; therefore, counter 1 records total accumu-
lated time.

Function 3

In function 3 the power-on conditions are the same as
those in functions 1 and 2. Once all logic.is reset a Start/
Stop transition causes both counters to begin counting
up Counter 2 is displayed counting. A second Start/Stop
transition stores and displays the contents of counter 2,
resets counter 2, and initiates a new up-count. However,
the new up-count is not displayed. Counter 1 continues
to count. The initial count remains displayed until a
third Start/Stop transition. This third Start/Stop transi-
tion and subsequent Start/Stop transitions repeat the
sequence described above, indicating the length of time
between successive Start/Stop transitions.

The occurrence of a Latch Control transition (obtained
by momentarily closing Sb) any time after the second
Start/Stop transition will cause counter 2 to be displayed
while counting. The count will continue to be displayed
until a Start/Stop transition. This Start/Stop transition
also stores and displays the contents of counter 2 and
then resets counter 2, As before, counter- 1 continues to
count, but counter 2 begins a new count.

A Final Event Stop transition inhibits the clock pulses
to both counters and displays the contents of counter 2,
A Start/Stop transition occurring after the Final Event
Stop transition switches the display from counter 2 to
counter 1. Repetitive Start/Stop transitions switch ‘the
display - between counter 2 and counter 1. Any time a
Reset transition occurs, both counters are reset to
”000_0” and the display blanks.

Function 4

In function 4 the power-on conditions are the same as
those in functions 1-3. Once all logic is reset a Start/
Stop transition causes counter 2 to begin up-counting.
Counter 2 is displayed counting. A second Start/Stop

transition stores and displays the contents of counter 2.
Subsequent Start/Stop transitions update the display of
counter 2. A Latch Control transition will display
counting until the occurrence of a Start/Stop transition.
This Start/Stop transition, following the Latch Control
transition, does not reset counter 2 as it does in function
3. Rather, counter 2 continues to count up. A Final
Event Stop transition inhibits’ the clock pulses to
counter 2 and displays the contents of counter 2. A
Reset transition at any time resets counter 2 to “'0000."”"

Function 5

Again, in function 5 the power-on conditions are the
same as those in functions 1-4. Once all logic is reset a
Start/Stop transition causes both counters to begin
counting up. Counter 2 is displayed counting. A second
transition on the Start/Stop pin inhibits the clock pulses
to' counter 2, and the contents of counter 2 are dis-
played.” Counter 1 continues to count. A third Start/
Stop transition enables the clock pulses to counter 2;
counter 2 resumes counting where it left off, and counter
2 is displayed counting.

Subsequent Start/Stop transitions repeat this sequence

with counter 1 counting continuously. A Final Event

. Stop transition inhibits the clock pulses to both counters

and displays counter 2. A Start/Stop transition switches
the display from counter 2 to counter 1. Repetitive
Start/Stop transitions switch the display between
counter 2 and counter 1. A Reset transition at any time
resets both counters to “0000."”

Function 6

At power-on in function 6, counter 1 is displayed with
"’0000.”" If the comparator is enabled (S3 in the
Function 6 -7 position} at power on, a Reset transition
{obtained by momentarily closing S11) is necessary
before a Start/Stop transition can begin the counter 2
count-up.’ B

Counter 1 is prog'rarnmed to the desired count by
holding each of the four Digit Programming Switches

Closed' in turn. The comparator must then be enabled by~

placing S3 in the Function 6-7 position {unless it was
already enabled at power-on). Counter 2 is displayed
counting up beginning with a Start/Stop transition.
When counter 2 is coincident with counter 1, the clock
pulses to counter 2 are inhibited, the contents of
counter 2 are displayed, and the Comparator Output is
enabled. A Reset transition after the counter 2/counter 1
coincidence disables the Comparator Output and
displays counter 1 with the programmed time. The Reset
transition can be obtained either
closing S11 or by connecting the reset Input pin to the
Comparator Output pin after Digit Programming so that
logic-and counter 2 are reset automatically whenever
counter 2 is coincident with counter 1.

After each Reset transition, subsequent Start/Stop
transitions repeat the sequence. Counter 1 -may be re-
programmed after any Reset transition, if desired. If a
Reset transition occurs while counter 2 is counting up,
the clock pulses to counter 2 are inhibited, counter 2
is reset, and counter 1 is displayed with the programmed
time.

by momentarily”




If a Start/Stop transition occurs while counter 2 is
counting up, the clock pulses to counter 2 are inhibited
and counter 1 is displayed with the programmed time.
With the next Start/Stop transition, counter 2 resumes
counting where it was stopped.

If the Reset Input pin is not connected to the
Comparator Output pin and if a Final Event Stop tran-
sition occurs while counter 2 is counting up, the clock
pulses to counter 2 are inhibited and the contents of
counter 2 are displayed. The next Start/Stop transition
displays counter 1 with the programmed time. Repeti-
tive Start/Stop transitions switch the display between
counter 2 and counter 1, A Reset transition followed by
a Start/Stop transition starts the counter 2 up-count
sequence again. .

In function 6, and also in function 7, the digit which is
preprogrammed to count in Modulo 6 cannot, of course,
be programmed to a digit greater than 5.

Function 7

In function 7 counter 1 is displayed with “0000" at
power-on. [f S3 is in the Function 6-7 position at
power-on, it must be placed in the “OFF’’ position;
then S11 must be momentarily closed. Counter 1 is
set to a specific count by holding each of the four Digit
Programming Switches closed in turn; then the
Comparator must be enabled by placing S3 in the
Function 6 - 7 position.

Counter 1 counts down from the set count beginning
with a Start/Stop transition. When counter 1 counts
down to zero the clock pulses to counter 1 are inhibited
and the Comparator Output is enabled. This is not
repeatable without a new count \being' entered into
counter 1. A Final Event transition halts the counter 1
down-count, and subsequent Start/Stop transitions have
no effect on counter 1 or counter 2. A Reset transition
resets counter 1 to ““0000.”

Peripheral

The other components shown in Figure 4 consist of
input/output interfaces between the user and the
MM5865.: The crystal used in this stopwatch/timer
circuit is a-watch crystal cut to oscillate at 32.768kHz.
(A 32.8kHz crystal would be best.) This means that the
blanking frequency is 799.2Hz, the multiplex frequency
is 399.6Hz, and the clock frequency to the counters is
0.99902Hz.

The oscillator frequency may be adjusted by connecting
a counter to pin 20 of the MM5865 through a 50pF
capacitor and then varying the capacitance of C3. Any
attempt to alter the values of R1, C2, or C3 will probably
fail; that is, the oscillator will probably not oscillate.

Most of the switches which control the MM5865 are
momentary push-buttons which are available from many
sources. The function switch, however, is a very small
8-position switch in a TO-5 package; it is available from
James Electronics, P.O. Box 822, Belmont, CA 94002.

The 2N4400 (a 2N3904 can also be used) drives the
decimal point anode of the display and is itself driven
by the Waiting State output of the MM5865.

The MM14511 provides ihe functions of a 4-bit storage
latch, an 8421 BCD-to-seven segment decoder, and an

output drive capability of 26mA. The DS8863 is an
8-digit driver; each driver is capable of sinking up to
75mA. The MM14511 may be operated at supply
voltages up to 15V; however, the DS8863 cannot be
operated with supply voltage greater than 10V. For
operation with supplies up to 18V, the DS8963 is a
direct replacement for the DS8863.

The NSA398 is a 9-digit common cathode LED numeric
display with a 1/8-inch character height. Eight inputs
are provided for selection of the appropriate segments
and decimals (anodes) and nine inputs for digit
(cathodes) selection. The anodes are internally inter-
connected for multiplexing. The NSA398 has a red
faceplate which provides excellent visual contrast and
ease of visibility over a wide angle. Figure 5 shows the
physical dimensions and pin connections of the NSA398.

practical applications of the
stopwatch/timer

Now - that the basic operation of the MM5865 has been
presented, it is possible to examine practical applications
of the seven function universal timer shown in Figure 4.
This timer, as shown, has a maximum timing capability
of 99 minutes, 59 seconds. If another MM5865 is added
to the circuit, this timing capability may be extended to
99 hours, 59 minutes, 99.99 seconds. For very accurate
timing, the crystal should be cut to oscillate at 32.8kHz,
and the oscillator frequency should be precisely tuned
to 32.8kHz.

When the stopwatch/timer is being used to time any
event, the display should be disabled with S2 as much
as possible so that battery power will be conserved.

Function 1 may be used to time two events occurring
simultaneously in the following manner. A driver often
travels from his home to a city some hours away. On the
way- he passes a small town about halfway between his
home and the city. He wishes to know how.long it takes
him to trave! from his home to the small town, how long
it takes to travel from the town to the city, and finally,
how long it takes him to travel from his home to the
city. .

At the beginning of the trip the driver presses the Start/
Stop switch. The display begins to record the time
accumulating in counter 2. As he passes through the
small town he presses the Start/Stop switch again and
records the traveling time from his home to the town.
Then he presses the Start/Stop switch again. As he
arrives at the city he presses the Final Event Stop switch
and records the time shown in the display as being the
traveling time from the town to the city. He then
presses the Start/Stop switch and sees in the display the

.traveling time from his home to the city.

Function 2 may be used to record the total accumulated
time of several events while each event is being timed
individually. For example, a television repairman spends
his day ordering parts, talking to customers, and repair-
ing televisions on the bench. He wants to record the time
he spends repairing each set so that customers may be

‘properly billed, and he wishes to record his total bench

time for the day. .
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Figure 5. Physical dimensions and pin connections of the NSA398.

At the beginning and end of every bench job he presses
the Start/Stop switch to record the time for each job. At
the end of his day he presses the Final Event Stop switch,
then the Start/Stop switch to record his total bench
time.

As an example of a function 3 application, consider an
assembly line position at which a worker must fasten
three parts to a piece of equipment. A supervisor wishes
to record the time it takes the worker to fasten each part
and the amount of time the equipment spends at this
position.

As the worker receives the piece of equipment, the
supervisor presses the Start/Stop switch. The display
begins counting up. As the worker finishes with the
first part, the supervisor presses the Start/Stop switch.
This time will remain in the display until the next Start/
Stop transition; the supervisor therefore has a chance to
record the first event time.

As the worker finishes with the second part, the super-
visor presses the Start/Stop switch again and records the
time of the second event. After the worker finishes with
the third part the supervisor presses the Final Event
Stop switch. The display will show the third event time.
The supervisor can then press the Start/Stop switch to
record the total time this worker handled the equipment.

With function 4, the total time of an event may be
accumulated, and the display may be updated while
counter 2 is accumulating the total time. For example,
a long distance runner desires to pace himself over a 5-
mile run. As he starts out he presses the Start/Stop
switch. Then, as he passes known checkpoints, he presses
the Start/Stop switch to update the display and note the
time of arrival at each check point. At the end of the b-
mile run he presses the Final Event Stop switch to
record the total time for the run. :

Function 5 may be used to record both total accumu-
lated time and total elapsed time. As an example of an
application of function 5, consider a pilot who wants to
record total flying time as well as total trip time.

As the pilot starts out he presses the Start/Stop switch.
He then presses the Start/Stop switch each time he lands
and each time he resumes flying. At the end of his trip
he presses the Final Event Stop switch and records total
flying time. He then presses the Start/Stop switch to
record total trip time.

With pl:oper interfacing, function 6 can be used as an
enlarger timer. A photograp'her programs the desired
printing time into the display with the Digit Programming
switches, closes the Comparator Enable switch; and
closes the Automatic Reset switch. For each print he
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Figure 6. The MM5865 used in a simple counting circuit.

simply presses the Start/Stop switch to turn on the
enlarger for the desired length of time.

It is not necessary to enable the display while operating
the timer. The display must be enabled only to program
counter 1. The Reset switch may be pressed at any time
to turn off the enlarger. The enlarger may be turned on
for adjusting negatives by pressing the Start/Stop switch
without enabling the comparator.

With proper interfacing, function 7 may be used as a
down-count timer for many applications, including
cooking and washing. The desired time is simply pro-
grammed into counter 2, the comparator is enabled,
and then the Start/Stop switch is pressed. Counter 2 will
count down to zero and turn off the appliance.

A few applications (some for which two MM5865s are
required) have been presented to illustrate the utility
of the MM5865. The Stopwatch/Timer discussed above
is but one general application for which the MM5865
may be used.

Figure 6 shows a simple manual counting circuit in
which the MM5865 is used to count the closures of a
manual switch. Of course, the manual clock could be
replaced by electrical pulses.

The 74C00 in this circuit debounces the switch used as a
clock, S3. An LM555 is used to provide a multiplexer
input frequency of 233 Hz.

The MMb865 is operating in function 5, and displays the
up-count of counter 2. After an initial Start/Stop transi-
tion, each closure of the manual switch advances the
displayed digits by one count. A Reset transition resets
counter 2 to "“0000.”

conclusion -

The emphasis of this presentaticn has been on the
general timing and programmable capabilities of the
MM5865 rather than on specific applications. Because
so many functions are available in one package, it is
possible to use the MM5865 as a general purpose chip,
adding another MM5865 when it is .necessary. In most
applications only one or several of the seven functions
need be used; however, because of its general purpose
nature, the MM5865 lends itself well to the concept of
quantity purchasing.
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A final note: Unless the start pulse is externally synchro-
nized to the clock {available at pin 15 of the MM5865, if
the internal oscillator is used), the amount of time which
will elapse between the arrival of the start pulse at pin 14
of the MM5865 and the appearance of the first digit in
the display will not be equal to the programmed display
resolution. It is possible to develop a start pulse that is

synchronized to the clock using an MM74C221 Dual
Monostable Multivibrator as shown in Figure 20. The
time constant of R1-C1 should be equal to the display
resolution, the time constant of R2-C2 should be less
than the programmed display resolution, and the time
constant of R3 - C3 should be less than the time constant
of R2-C2.

Vss
START SWITCH -l
i 2 16
. 11
T0 3
PIN 16 3, 5 R2
MMSB%Z g T c2
€3 .=
= T
FroM w & 8 R1
PIN 15 15 T—'\/W—
oF . L.,
MM5866 R3 1 T
1 8
) l l Vpp

Figure 21. Start-Pulse Synchronizer. Time constant of R1-C1 =
display resolution. Time constant of. R2 - C2 < display resolution. y
Time constant of R3-C3 < time constant of R2 - C2.

2-32




A 4-Digit, 7-Function Stopwatch/Timer

introduction

This construction article is the second of a series which
is to concentrate on applications of the MM5865 uni-
versal timer. The first article, “MM5865 Universal
Timer Applications,”” presented in detail the program-
mable and functional characteristics of the MM5865.

This second article illustrates the construction and use
of a 4-digit, 7-function stopwatch/timer in which the
display resolution and counter modulo may be pro-
grammed with printed circuit board jumper wires.

Other than switches, all compoAnents of the stopwatch/
timer are mounted on a glass-epoxy or glass-polyester
board which is laminated with 1-ounce copper foil on
one side. The board is mounted in the attractive instru-
ment/clock case available from James Electronics.

This instrument/clock case has provisions for the display,
precut holes for four calculator-type switches, and a
precut line cord hole. In addition, the case is sold with
a red display bezel, four rubber feet, and a flip-top to
conceal the four switches which may be assembled in
the precut holes.

A display resolution of 1 second, 0.1 second, or 0.01
second may be programmed by on-board jumpers or a
suitable ‘switch. Furthermore, the counters may be
programmed to count in modulo 6 or modulo 10.

When used as a photographic enlarger timer or as an
appliance timer, each digit is individually programmable
with one of four pushbhutton switches. The comparator
output of the timer may be coupled to an enlarger/
appliance control circuit that can be permanently
mounted to the enlarger or appliance.

Applications for the stopwatch/timer include, but are
not limited to, the following:

e Laboratory reaction and interval timer A

e Photographic enlarger and chemical processing timer
e Stopwatch

e Event timer

e Appliance timer

A simple listing of possible applications for the timer
does not adequately describe the enormous power of
the instrument. A tabulation of the seven functions
which includes a break-out of the functions performed
simultaneously by counters 1 and 2 of the MM5865 is
much more revealing, and is presented below:

Start-stop timing
Total elapsed time

1. Counter 2:
Counter 1:

2. Counter 2:
Counter 1:

.3. Counter 2:
Counter 1:

Start-stop timing

Total accumulated time
Sequential event timing
Total elapsed time

Counters/Timers

4. Counter 2: Split-timing with total elapsed time
Counter 1: Not actively used

5. Counter 2: Total accumulated time
Counter 1: Total elapsed time

G. Counter 2: Up counter
Counterv1: Programmable counter

7. Counter 2: Programmable down counter
Counter 1: Not actively used

operation

1
The switches which control the operation of the stop-
watch/timer are visible on top of the case shown in the
photographs of Figures 1a and 71b. Each switch is
indicated in the schematic drawing of Figure 2.

In Figure 1a, the switch in the rear right hand corner of

the case is a 7-position rotary Function Switch (F). At

-the front of the case the switches are, from left to right,

" Digit 4 Programming Switch (D4), Digit 3 Programming

Switch (D3), Comparator Switch (C), Digit 2 Program-
ming Switch (D2), and Digit 1 Programming (D1)/
Latch Control (LC) Switch. Digit 1 is the least significant
digit (LSD); Digit 4 is the most significant digit (MSD).

There are four switches under a center flip-cover. These
are shown in Figure 1b. From left to right they are
Final Event Switch (FE), Reset Switch (R), Start/Stop
Switch (SS), and Automatic Reset Enable Switch (ARE).

The ARE switch is used only in function 6; it must be
OFF for all other functions. The C switch has three
positions: Comparator/Count Enable (CCE), used for
functions 6 and 7; Program Enable (PE), used for

‘function 7; and Count Enable (CE), used for functions

1 through 5. The D1/LC switch is a dual purpose switch;

for functions 3 and 4 it serves as the latch control switch, -

and for functions 6 and 7 it serves as the Digit 1 program-
ming switch. There is no ON-OFF switch. Power is
applied to the stopwatch/timer by plugging the line cord
into a 120VAC/60Hz outlet.

Table | is a tabulation of the abbreviations used for the
switches and the functions to which they apply. If the F
switch is set to any of the stop watch functions (1
through 5) when power is initially applied to the
stopwatch/timer, the display will remain blank. See
“MM5865 Universal Timer Applications’ for information
on using pin 39 as a power on indicator.

To operate the stopwatch/timer in any of the stopwatch
functions, rotate the. F switch to one of the stopwatch
function positions, place the ARE switch in the OFF
position, place the C switch in the CE position, and press
the R switch.
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Figure 1. External Phétographs of Stopwatch/Timer. a) View of Function Switch, Comparator Switch, and Digit Programming Switches.
b} With flip-cover raised, four additional switches are seen. The flip-cover is designed so that a press of the closed caver closes the Start/
Stop Switch. ¢) A miniature jack is mounted at the rear of the case so that a cable may be run to the appliance control box.
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Figure 2. Schematic Diagram of the 4-Digit, 7-Function Stopwatch/Timer. As drawn, the display resolution is 1 second. A SPST switch
may be included between pin 16 of IC2 and Vgg to provide a display resolution of 0.01 second or 1 second. Another option, shown in
the figure,.is the Display Control Switch, which may be used to inhibit the display.

Table |. Switch Abbreviations

Abbreviation [ Switch Functions
ARE ; Automatic Reset Enable 6
C * Comparator 1-7
D1 \ LSD Programming 6,7
D2 | Digit 2 Programming 6, 7
D3 i Digit 3 Programming |67
D4 ‘ MSD Programming 6,7 ,
F ! Function 1-7
FE | Final Event 1-5
LC ! Latch Control 3,4
R Reset 1-7 '
SS | Start/Stop 1-7
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Table |l. Resolution Select Code. A zero indicates that the pin
is left floating (or connected to Vpp): a one indicates that the
pin is connected to Vgg. Note that when an external clock is
applied to pin 15, pins 16 and 17 must be connected to Vgg.

Resolution Select Frequency of . L
Pin 16 | Pin 17 |Clock to Counters Display Resolution
0 0 100Hz 0.01sec
0 1 10Hz 0.1 sec
1 0 1Hz 1 sec
1 1 External : -
Table Itl. Divide Scaler Code
Divide Modulo
Scalers Counter 1 Counter 2
Pin Digit - Digit
1 2 3 4 3 2 1 4 3 2 1
0 0 O 10 10 10 10 10 10 10 10
1 0 O 6 10 10 10 6 10 10 10
0 1 O 10 6 10 10 10 6 10 10
1 1 0 10 10 6 10 10 10 - 6 10
0 0 1 10 10 10 10 10 1010 10
1 0 1 10 10 10 10 6 10 10 10
0o 1 1 10 10 10 10 10 6 10 10
11 1 10 10 10 10 10 10 6 10

A zero indicates that the pin is left floating (or connected to
Vpp); a one indicates that the pin is connected to Vgs.

Press the SS switch to initiate a sequence of timing
series. Press the SS switch again to end a serial (functions
1, 2, 3, 5) and simultaneously initiate a new serial while
freezing the display (function 3), or to freeze the display
during a continuous count sequence (function 4).

Press the SS switch a third time to initiate a new timing
serial (functions 1, 2, 3, 5) or to update the display
during a continuous count sequence (function 4).
Subsequent presses of the SS switch will repeat the
action described above.

Press the LC switch to display a continuing, undisplayed
count {functions 3 and 4). Press the FE switch toend a
sequence. A final press of the SS switch at the end of a
sequence is required to display total elapsed time
(functions 1, 3, 5) or total accumulated time (function 2).
Subsequent presses of the SS switch after the end of a
sequence simply repeat the display of the final serial
time, then the total elapsed or total accumulated time.

_ The operations which may be performed in each function
are shown in the flow charts of Figures 3 through 8.
The first line of type in each PROCESS rectangle indi-
cates a switch or the display upon which an action may
be performed. The second line of type indicates the
pesition in which the switch must be placed or the
action to be performed. The parallelograms in the flow

_charts indicate points at which a DECISION must be

made. The operation of each function is detailed in the
first article of this series.

To operate the timer in function 6, rotate the F switch
to function 6, place the C switch in the CCE position,
and press the R switch. The display will show four zeros
when the R switch is pressed.

The count-up time is programmed into the timer by
pressing D1 through D4, one switch at a time, until the
desired count-up time appears in the display.

After digit programming, place the ARE switch in the
ON position if automatic resetting is desired. The initial
press of the SS switch will cause the display to blank,
then to indicate the count-up to the programmed time.
During the up-count the CA3059 will be enabled,
altowing the appliance to be turned on. When the count-
up reaches the programmed time, the comparator output
will go from 0 volts to 8.4 volts. At this time the CA3059
will be inhibited, and the appliance will turn off.
Pressing the R switch any time after the digits have been
programmed causes the comparator and counter 2 to
reset. Switching the C switch to OFF causes the com-
parator output pin to go to Vpp as long as it is OFF.
If the C switch is again placed in the CCE position
(before the R switch is pressed), the comparator output
pin will go back to Vgs. Of course, any time the FE
switch is pressed the comparator output will go to Vss.

If the ARE switch is ON, the count-up sequence may be
repeated by pressing the SS switch again. Nothing need
be changed untjl it is necessary to reprogram the digits.
When reprogramming is necessary, simply change the
time shown in the display to the new time, with the
ARE switch in the OFF position, using the digit program-
ming switches. Then press the SS switch to start the up-
count. If the ARE switch is OFF, it is necessary to press
the reset before starting a new count-up.

To operate the timer in function 7, rotate the F switch
to function 7, place the ARE switch in the OFF position,
place the C switch in the PE position, and press the R
switch. The count-down time is programmed into the
timer by pressing D1 through D4, one switch at a time,
until the desired count-down time appears in the display.
The C switch must then be placed in the CCE position.

Pressing the SS switch will cause counter 1 to begin its
down-count from the programmed time to 0000 and
will cause the CA3059 to bhe enabled, turning on the
appliance as in function 6. When counter 1 reaches
0000 the CA3059 will be inhibited, turning the
appliance off. The down-count is displayed, and may be
halted at any time by pressing the FE switch; the down-
count may not be resumed. Pressing the R switch any
time after digit programming will reset counter 1.

When using function 7, the comparator must be disabled
and the R switch must be pressed before digit program-
ming. Then the comparator must be enabled. This is
unlike function 6, in which digit programming is allowed
at any time, regardless of the state of the comparator.
In addition, the ARE switch must not be used in
function 7. :
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Figure 3. Functions 1 and 2. Pressing START/STOP after FINAL EVENT has been pressed gives Total Elapsed Time in Function 1,

Tota! Accumulated Time in Function 2.
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Figure 4. Function 3. Pressing START/STOP after FINAL EVENT has been pressed givés Total Accumulated Time.
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Figure 6. Function 5.
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Figure 8. Function 7.

interfacing the stopwatch/timer
with an appliance circuit

There are many ways to interface the comparator output
with an appliance control circuit. One method of inter-
facing the MM5865 with an appliance control circuit is
shown enclosed in dotted lines in Figure 2. Figure 2 is
the schematic diagram of the stopwatch/timer.

The 74C02 has been included as the interfacing element
between the comparator output pin and the trigger
circuit of a triac. Figure 9 is a detailed schematic of the
74C02 connections which form a NOR latch.

L—’OUTPUT

R s
COMP OUTPUT START/STOP
PIN 12 OF MM5865 PIN 14 OF MM5865

Figure 9. Detail of the 74C02 NOR Latch. The latch interfaces

* the MM5865 to the CA3059.

The appliance control circuit does not cause RFI because
the triac is triggered by a zero-voltage switch. Triac
firing can be inhibited by the application of a positive
{up to 10V) voltage to pin 1 of the CA3059.

When power is initially applied to the stopwatch/timer
the S and R inputs of the latch are both 0. When the
R switch is pressed, the output of the latch will go to
Vgs, inhibiting the CA3059 pulses to the triac.

When the SS switch is pressed (after digit programming)
the output of the latch will go to Vpp and the CA3059
will be enabled, turning on the appliance. As the pro-
grammed time is reached by counter 2 of the MM5865
(function 6), or ascounter 1 reaches ‘0000 (function 7),
the comparator output will go to Vgg, the output of the
latch will go to Vgg, and the CA3059 will be inhibited,
turning off the appliance.

The inhibit level provided by the latch may be removed
from the CA3059 by opening the Appliance Enable
Switch. This allows the appliance to be turned on fér
adjustments. For example, when the timer is used with -
an enlarger, the Appliance Enable Switch permits
enabling of the enlarger lamp for focusing and mag-
nification adjustments. '

The output of the latch is connected to the appliance
control circuit via a tape recorder cable which plugs into
a jack mounted at the rear of the stopwatch/timer case
and a jack mounted on the appliance control circuit
housing. The housing for the appliance control circuit
should also have a socket into which the appliance may
be plugged, unless a direct connection is desired.




A¢ shown in Figure 2, the appliance control circuit
consists of a triac and its trigger circuit. When the
CA3059 zero voltage switch is enabled, the trigger
circuit applies a brief gate signal to the triac for every
alternation of the AC line voltage. After the triac is
turned on by the gate signal, it remains on for the
complete half cycle until the zero-crossing point is
reached at the end of the alternation. The appliance
receives the full AC line voltage under these conditions.

If the NOR latch inhibits the trigger circuit while the
triac is conducting, the triac cuts off when the line
voltage approaches zero. |t remains off until another
gate signal is applied. Therefore, the NOR latch controls
the AC input to the appliance.

With the heat sink specified the triac can safely handle
appliances rated up to 100 watts (0.83 Amp). For
greater appliance loads a larger heat sink should be used.
The specified triac is able to handle appliance loads up
to 10 Amps. Of course, the fuse must be large enough to
handle the current drawn by the appliance. Use a fast
blow fuse if possible.

construction

The printed circuit board was designed specifically for
the James Electronics’ instrument/clock case only after
assurance that the company has a permanent source for
the cases; however, the board may be mounted in any.
case of sufficient size.

Because the tayout of the PC board requires that some
traces be proximate, the board must be inspected while
it is being etched. During these inspections proper
resolution of the traces is maintained, if necessary, by
rinsing the board in water and carefully scraping the
photoresist from any copper which forms a short circuit
between adjacent traces. The scraping is done best with
an X-Acto blade. Etching should be continued with
frequent inspections.

If the exposure time, the amount of light, and the
development time are exactly correct, trace resolution is
usually not a problem. However, itis difficult to compute
and control these variables without performing many
experiments. The inspection method described above
can save many boards which otherwise would be lost
because of trace resolution defects.

In addition to the care which must be given to the PC
board during the etching process, excessive solder should
be avoided when soldering to the pads. In case of diffi-
culty with timer operation during thecheckout procedure,
suspect the board immediately.

Furthermore, no thought should be given to the idea of
not using sockets for the integrated circuits. James
Electronics has four socket styles. All are adequate
except the wire wrap sockets. (The diameter of the wire
wrap leads is too large.) However, it is easier to insert
and remove 1Cs from the standard tin and gold sockets.

The drilling guides shown in Figure 10 indicate all drill
sizes for the parts shown in the parts list. Every effort
has been made to allow the board to accommodate a
variety of components. For this reason, there are extra
pads and punch guides on the drilling guides. Refer also
to the component layouts shown in Figure 11. The
boards may be prepared using the X1 posmves shown in
Figure 12,

The bottom half of the James case should be prepared
for the board by removing the 6 plastic pegs at the front
of the case if they are present. The pegs may be removed
by grasping them in the jaws of a long-nose pliers and
shaking them from side to side while pulling on the
pliers.

The earphone socket should be drilled out from the
outside of the bottom half of the case with a 31/64-inch
drill bit. This will allow a 7-function rotary switch to be
mounted in the right hand (facing the display) corner of
the rear section of the top half of the case. When doing
this, first press the bit to the 3/8-inch hole in the bottom
half of the case, then turn on the drill. The bit should
slice the earphone socket off with 4 or 5 turns of the
chuck.

FIG. 10A
O @ O o .
o ° \ / AN 60 .
° ° 0 i -
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: . . o : :
i ° 550 o . \ O ne o/ b
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N B °
el ° AN w© : °
16 HOLES o [ -
. ° AN 60 / 5 # 116 DRILL -
: B "6 re 6 HOLES ]
o N % 5 .
° 60 1116
. .8 ~N AN 1186 6 A Ve 64 . \ .
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Figure 10. Drilling Guides for the Printed Circuit Boards. a) Drill sizes and hole locations for the Stopwatch/Timer PC board. b} Drill
sizes and hole locations for the appliance control circuit. Dimensions’are in inches. ]
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Fiéure 11. Printed Circuit Board Component Layouts. a) Layout for the Stopwatch/Timer PC board. b) Layout for the Appliance

Control PC board. (Approximately 4/5 size shown).
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Figure 12. Positives for the Printed Circt;it Boards. a) Positive for the Stopwatch/Timer. b} Positive for the Appliance Control circuit.

(Approximately 4/5 size shown). .
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The center portion of the top half of the case has been
designed for a switch assembly composed of three push-
button switches and one slide switch. The assembly is
made of calculator-type switches and a flex-circuit;
however, James Electronics provides neither the switches
nor the flex-circuit.

I 11.6”

Figure 13a shows the layout of the flex-circuit; Figure
13b is a view of the flex-circuit after it has been folded
over the thin plastic insulator which is shown in Figure
73c. The insulator must be oriented so that the circular
cutouts are between the two sets of four copper hexa-
gons. The copper trace through each hexagon forms one
contact of a SPST switch.

CIIIL L o

b= o 2 2 ol. 2 a9 g

(a)

o1 o

L

4

(d)

Figure 13. Flex-Circuit Assembly. a} Layout of the flex-circuit.-b) Layout of the flex-circuit after it has been folded to form the
contacts of three SPST momentary pushbutton switches and one SPST slide switch. ¢} Thin plastic insulator which must be inserted

between the folded portions of the flex-circuit. d) Plastic cover which
the case.

f the automatic reset feature for function 6 is to be
included, cut the slide switch hexagon connection to
Vgg as shown in Figure 14 and cut a little square piece
from the thin insulator. This small square should be just
large enough to allow a solder connection to be made
between the trace going to the slide switch hexagon and
the trace going to the FE switch hexagon. To solder
the traces together, pretin both traces slightly, fold the
flex-circuit as shown in Figure 13b, and apply a small
soldering iron tip to the trace going to the slide switch
hexagon at a point above the insulator cutout.

fits over the flex-circuit assembly to hold it in place in the top of

The switches should then be placed in the top of the box
in the spaces provided. The flex-circuit is then placed
over the switches. Finally, the plastic cover fits over the
entire assembly as shown in Figure 15. Holding the
plastic cover firmly in place, touch a clean soldering iron
tip to each of the plastic pegs protruding through the
holes in the plastic switch assembly cover until the
assembly cover is sealed to the top of the case. Cut the
single tall plastic peg to the rear of the switch assembly
cutout if there is one.

) ) o o 5 S 1 o o o o ° o
o
| b ®
o o
[+ o 0 [] | o o o ()
o . I .
o o o o o o I o o o o o o

Figure 14, Full-Size Partial Drawing of the Flex-Circuit Layout Showing the Trace which Must be Cut if the Auto Reset Option is

Desired.
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Figure 15. Photograph Showing the Internal Construction of the Stopwatch/Timer. Note how flex-circuit runs from the top of the case

to the trace-side of the printed circuit board.

Drill the holes for the rotary function switch, the
comparator switch, and the four programming switches
as shown in the drilling guide of Figure 16. The drilling
guide must be modified as shown in Figure 17 if the
Centralab PS-101 switch is used. The holes for the
rotary switch must be marked and drilled precisely.
In addition, if the Centralab PS-101 switch is used the
filter capacitor, C1, must lie on its side to make room
for the function switch. Mounting the top of the case to
the bottom is easier if the Centralab PS-101 switch is
used. |f desired, a jack may be mounted in the bottom
half of the case in the right hand rear corner, behind C1,
to provide a quick connection to an enlarger or appliance
control circuit. The fit will be tight, but a miniature jack
can be mounted without much difficulty. This completes
the case preparations. ’

'

Before parts are mounted to the PC board, the fit of the
board to the case should be checked. It may be necessary
to adjust the mounting holes slightly with a small round
file. Try not to completely break the traces surrounding
the mounting holes. There are six mounting holes in the
PC board. These holes match six plastic pegs in the
bottom of the case. Two of the pegs are to be inserted
through the transformer mounting flanges if a trans-
former of the correct size is used. If the Radio Shack,
or some other transformer which does not fit precisely,
is used, it may not be possible to fit the pegs through the
transformer mounting flanges. ’

After the IC sockets are mounted, the transformer and
C1 should be mounted. If the Centralab PS-101 switch is
used, the filter capacitor should be attached to the board




11/64 DRILL -
4 HOLES

1/4 DRILL -
2 HOLES

5/64 lJmLLg

Figure 16., Drilling Guide for the Case Top if the MRC-1-10 Rotary Function Switch is Used. {Dimensions in inches.)

11/65 DRILL -
2 HOLES ;

- 2ZHOL

1/4 DRILL -
LES 7

~N

—

Z 5/32 DRILL

Figure 17. Drilling Guide for the Case Top if the PS-101 Rotary Function Switch is Used. (Dimensions in‘inches.)

with leads that are long enough to permit the capacitor
to lie on its side. The diameter of C1 must not be greater
than 0.7 inch and its length must not be greater than
1.2 inch. .

The display mounting pins should be soldered to the
display before the display is mounted to the board. Be
careful not to lift the display pin pads when soldering.

Wires must be soldered to the'board and connected to
the switches mounted to the top of the case. Refer to
the wiring diagram shown in Figure 18.

Wire jumpers may be used to program the display
resolution and the modulo of the counters using the
charts shown in Tables/ and //. The connections shown
in Figure 2 cause the display to read in tens of minutes,
minutes, tens of seconds, and seconds; maximum time is
99 min 59 sec. A pad which allows a connection to an

" external clock is available at pin 15 of the MM5865.

After all components have been mounted and all wire

connections have been made, proceed to the preliminary
checkout and adjustments section before applying
power to the board
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" Figure 18. Wmng Diagram for the Swnches Mounted in the Case

Top.
preliminary checkout and adjustments

The following tests and adjustmeénts should be carefully
completed before power is applied to the stopwatch/
timer or the appliance control! circuit.

Rotate the F switch to function 7, place the ARE switch
in the OFF position, place the C switch in the CCE
position, and disconnect the tape recorder plug from the
jack at the rear of the stopwatch/timer case. Adjust R1
for minimurn resistance. Do not connect any appliance
to the appliance control circuit, but do place a fuse in
the fuse holder.

Measure the following points for the indicated amount
of resistance:

1. Across the stopwatch/timer line cord plug > 50 ohms

2. Across C1, with VOM on X1K scale and common
probe to Vpp, > 5k ohms, after C1 charges

3. Across R1< 15 ohms
4. Across C2 > 100 ohms

5. Across the appliance control circuit line plug > 10k
chms

If these values of resistance cannot be found at the
points indicated, check the PC boards for opens or shorts
as necessary. Then, with a VOM connected across C2,
apply power to the stopwatch/timer; the VOM should
read stightly more than 1 volt. Increase the resistance of
R1 until the VOM reads 8.4 volts. Slightly under 8.4 volts
is better than slightly over. Pressing the reset switch
should cause “0000" to appear on the display, unless the
display already reads “0000."” ,

If the display is blank or indicates only one or two
zeroes, the oscillator is probably not oscillating. Rotate
C3, 360 degrees if necessary, while observing the display:
If the display still fails to respond properly, check the
voltage at pin 20 of the MM5865; it is very close to 6
volts when the oscillator is functlonmq

After oscillation has been confirmed the display should
be -examined for segment and digit defects. |f any
sedment or digit does not appear in the display (The g
segment does not appear when the display reads all
zeroes.), the board and the display mounting pin connec-

“tions must be checked.

When handling the stopwatch/timer before it is mounted
in its case, extreme care must be used to not break the
connections between the flex-circuit and the printed
circuit board. However, these connections need not be
made until the oscillator and display have been checked
out.

Apfter the oscillator and display checkout, the frequency
of the oscillator should be adjusted to the crystal fre-
quency using C3. Then the board may be placed in the
bottom of the case. The balahce of the preliminary
checkout consists of stepping through the operational
flow diagrams in Figures 3-8; a VOM should be con-
nected to the output jack during the functions 6 and 7
checkout. If any of the switches under the flip cover
fail to respond, check to see if the flex-circuit is broken
at the point where it connects to the board.

“final assembly and checkout

The board may be fastened to the bottom of the case by
forcing =6 tinnerman nuts over the plastic pegs which
appear through the holes indicated in Figure 11. This
may be done easily with a 5/16-inch nutdriver. Then
force the line cord in the cutout provided.

The top of the case may then be carefully fitted to the
bottom, with the red plastic filter partially in place.

A slot in each half of the case retains the filter when the
case halves are fastened. If the MRC-1-10 switch is used,
the fit will be tight because of its proximity to C1. The
cutout for the line cord in the top half of the case must
be forced over the line cord.

Once the two halves are fitted properly, fasten them -
together using the four screws provided with the case.
Install the rubber feet and proceed with the final check-
out. :

The final checkout is a repetition of the operational
checks using the flow diagrams. Each option at each
decision point in every flow diagram should be exercised.

resolution and accuracy

If a crystal is used for the time base of the stopwatch/
timer, the accuracy of the displayed count will, of
course, depend upon the particular crystal Used. In
addition, because the MM5865 begins to count on the
leading edge of the start/stop pulse, the width of this
pulse becomes important when the event time is very
short.

For example when coupling the timer to an apphance
if the width of the start/stop pulse is longer than the
event time, the appliance will not turn off at the end of
the programmed time.

This is why C5 and R4 have been included. Together
they insure that the start/stop pulse will not be longer
than 0.01 second. This pulse width.should be adequate
for most users. C5 and R4 may be omitted if the length
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of time the start/stop switch is to be held closed will
always be less than any timed event. When C5 and R4
are omitted, the SS switch simply connects to Vgs.

As to crystal accuracy, the stopwatch/timer will lose
0.001 sec/sec if a 32.768kHz crystal is used instead of a
32.8kHz crystal. This should be insignificant for most
users.

Also, the display resolutions which may be programmed
by on board jumper wires will be adequate for most

- users. Figure 2 illustrates the connections to the MM5865
which will cause the display to read in tens of minutes,
minutes, tens of seconds, and seponds.

When it becomes desirable to achieve adisplay resolution
which allows the timing of events that are hours in
length, it is necessary to provide the MM5865 with an
external time base. This may be done by cascading two

MMBE865s or by using a simple timing circuit built around

an LM555 timer or a digital clock. Figure 19 shows how
an MM5315 digital clock may be used as a time base for
the MM5865. The MM5315 itself uses the line frequency
as a time base. The MM5315 is shown as it would be
connected for a 60Hz line frequency.

When an external time base is provided for the MM5865
in this manner, an external multiplexer must also be
provided. The oscillator formed with the 74C14 supplies
the desired multiplex frequency as shown in Figure 19.

A final note: Unless the start pulse is externally synchro-
nized to the clock (available at pin 15 of the MM5865, if
the internal oscillator is used), the amount of time which

will elapse between the arrival of the start pulse at pin 14
of the MM5865 and the appearance of the first digit in

the display will not be equal to the programmed display |

resolution. It is possible to develop a start pulse that is
synchronized to the clock using. an MM74C221 Dual
Monostable Multivibrator as shown in Figure 20. The
time constant of R1-C1 should be equal to the display
resolution, the time constant of R2-C2 should be less
than the programmed display resolution,.and the time
constant of R3 - C3 should be less than the time constant
of R2-C2.

Vss
START SWITCH _I
. . N
PIN 14 : ¢ = 3 R2
0 S 7 Tw_q
MM5865 ‘ca_—_- 5 g ' .
FROM § 5 .__:r R
PIN 15 10 15 .
OF +[ VVV
MM5865 c1
R | 814__3‘
l l Vop

Figure 20. Start-Pulse Synchronizer. Time constant of R1-C1 =
display resolution. Time constant of R2 - C2 < display resolution.
Time constant of R3 -C3 < time constant of R2 -C2.

AC
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- . J: Voo
R2Q RI 02 =— -
< 2 'ra ca
1 14 e p—iq19 20 _ _
c1 p—18
'3 1
g 15
M 2 o
] 22
8 14
13 A1 20K, %W, 5% RESISTOR
1 D1 R2 220k, %W, 5% RESISTOR
TOPIN 23 OF A3 100k, %W, 5% RESISTOR
ic2 TO PIN 15 OF IC2 ——13 €1 0.1uF CAPACITOR
' o €2-C4 0.014F CAPACITOR
ToPIN 4 0F IC6 =] 16 01 1N4002 DIODE
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Figure 19. Using an MM5315 Digital Clock and an External Multiplexer to Provide an External Time Base for the MM5865 to Generate

a Display Resolution of 1 Minute.

69L-NV




AN-169

R1

R2
R3
R4
RS
R6
R7
R8
C1

c2
Cc3

C4
C5
C6
Cc7
D1,
T1
IC1
1C2

1C4
IC5
1C6
IC7

Figure 21. Dim

Dy

~1c3

ANODE AM/PM INDICATOR ==PIN 8

PIN CONNECTIONS

ANOQDE G ==PIN §
ANODE F ==PIN 2
ANODE E=PIN 3
ANODE D —PIN 4
ANODE A =PIN §
ANODE C=PIN§
" _ANODE B==PIN 7

PIN 16~ ANODE COLON TOP
PIN t5== CATHODES .
PIN 14=— CATHODE 4

PIN 13=~ CATHODE 2 AND 3

PIN 11== LIGHT SENSOR
PIN 10== LIGHY SENSOR

and Pin C

holes for a photocell are included on the display board.

PIN 12== CATHODE 1 AND AM/PM

PIN 9=~ ANODE COLON BOTTOM

PARTS LIST
5’kS'Z trimpot Triac HEPR1723
24092, %W, 5% resistor F1 1A fast or normal blow fuse .
20MQ2, %W, 5% resistor XTAL 32.8kHz crystal (32.768kHz can be substi-
1M, %W, 5% resistor tuted. Timer will lose about 35 sec in 11 hr
100kS2, %W, 5% resistor 20 min of use.) .
5.1k, %W; 8% resistor S1,S3, 55 S‘PStT'f'?IO' micrnmgtnt\a;}; %us?sl)elgg?n switches;
4.7k, W, 5% resistor part of Tlex-cireult switch a v
o nei S2 SPST slide switch; part of flex-circuit switch
10k$2, 1W, 5% resistor assembly.
470-1000mF, 25V capacitor . s4 DPDT, center OFF toggle switch
10mF, 25W\_/DC solid tfantalum capacitor S6-S9 SPST, NO, momentary pushbutton switches
2-%3;5; vanagle cagacntor. Sprague QT1-18 S10 7-12 position rotary switch — Centralab
- SUpF. may be used. ) - PS-101 or Alcoswitch MRC-1-10.
25 - 27pF, disc ceramic capacitor S11 SPST toggle switch '
0.01mF disc ceramic ca;?acutor $12 SPDT toggle switch {aptional)
100mF, 25WV pc capacitor Display National Semiconductor NSBS411 4-digit
0.05mF, 200WV p¢ capacitor multiplexed display.
IN4003 ‘Heat Sink  TO-220 heat sink. Two needed.
10-16.5Vac @300mA gransformer Misc. 16 display mounting pins (strip of 16 pins);
LM317T voltage regulator 1 case; Clock/Instrument (available from
MM5865 universal timer James l?lec:ronics)z; 1T.flex—circuit,' 1 f:;g-
: 451 : circuit insulator; innerman nuts, ;
82;8?71 dech;jse;/gdznsfar'/latc'h fuseholder; appliance control box, #LMB
or DS7 igit driver C.R.-234; 115V o¢ chassis mounting socket;
RAQ7 - 150 resistor array miniature jacks; phone cable {shielded); IC
74C02 quad 2-input NOR gate sockets. -
CA3059 zero voltage switch
NSB5A11 . 4 FULL DIGITS
114 200" }{ ,  PEDFACEPLATE
® R —-— — i !
0.760"
0 Py )
h 4 h ‘
L X J
y 1908808898 2
123455731112114515
FRONT VIEW vaiz — P

SIDE VIEW

SEGMENT
DESIGNATION

tions for the National Semiconductor Corp. NSB5411 4-Digit, Multip|evxed Display. Mounting
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MM5554

MM5554 frequency divider

" general description

The MM5554 frequency divider provides six stages
of binary division to produce six octave-related
outputs of an electronic musical instrument tone

~generator. Each divider stage consists of an asyn-
. chronous, DC-coupled flip-flop. The six stages are

internally connected in cascades of one, two, and
three flip-flops. Each flip-flop drives a push-pull
output buffer, which provides low output impe-
dance in both logic states. Two of the internal
cascades also provide trigger outputs for use in
cascading the divider stages. The timing diagram
shown results from connecting the same input

" trigger to all three inputs.

The MM5554 complements the MM5555/MM5556

Electronic Organ Circuits

chromatic frequency generator; output charac-
teristics and power supply requirements are com-
patible.” The MM5554 is packaged in a 14-lead
dual-in-line package.

features -

® 0 to 500 kHz toggle frequency

m 1-, 2-, 3-stage partitioning
applications

~m Electronic organs

8 Electronic music symhgsizers

® Musical instrument tuners

logic and connection diagrams

Typical Organ Tone Generator

2 x
TRIGGER INPUT

-2V
-18Y
=tV 3
i . °
.
Lt I
765 4321 765 4321
Al CHROMATIC
— MMS556 MMS555 FREQUENCY
= . GENERATOR
8 9 1w 1112 13 9 10 1% 12 13 14
TTTTTTT TTTTT
[ NN
L e
TOSADD'L
. MMS55LS
Ay
| [1, [y L]
5 4 3 2 s 432 < ety e
MMsEs Mmssse o T s
N DIVIDERS
3 10 1112 13 1 8 910 1112 13 1 ¢ 3 10 1121398
= | =il
c4 T 43 =2 - . . 8 = 6§ 5 4 102 s = R 42 1]
85 GUTPUT FREQUENCIES TO N
KEYSWITCHING CIRCUITRY v
Dual-In-Line Package
Voo 14 outeut 28
TRIGGER 2 1 oureut2a
eyt 2= P2 outeutt )
i m:)r.“t.Tﬂ: L] . M outeut e Order Number MM5554N
s 0 See Package 18
INPUT 1 7 OuTPUT 38 : -

npuT 3

[]
Vas — b— GrD

TOP VIEW

® outuT3a
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absolute maximum ratings

Logic Supply Voltage (Vgg) Vgg +0.3V to Vgg — 33V
Buffer Supply Voltage (Vgg} Vgs + 0.3V to Vgg — 18V
Trigger Input Voltage (V1) Vgs +0.3V to Vgg — 18V
Power Dissipation {Pp} 250 mW
Storage Temperature (Tg) —55°C to +100°C

Operating Temperature (T, ) 0°C to +70°C

electrical characteristics

T A within operating range (Vgg = -27 #2V, Vgg = -10 £.5V), unless otherwise noted.

PARAMETER SYMBOL MIN TYP MAX UNITS
Trigger Inputs: :
Frequency T (3] 500 kHz
Rise and Fall Times (10% to 90%) ., ty 25 ns
Pulse Width {(at 90%) pw 1 us
Logical High Level ViTH -2.5 Vss v
Logical Low Level ViTL —-18.0 -7.0 \"
Leakage Current hro 1.0 HA
Trigger Outputs: (loaded 10M ohm .
to ground, T4 = 25°C) .
Logical High Level Voth . -15 0
Logical Low Level VoTL -10
Buffer Outp.u(s: (loaded 20K ohm
to ground and 20K ohm to Vgg,
Ta=25°C) R :
Logical High Level Vou -1.0 0
Logical Low Level ' Vou Vgsg -8.0
. Supply Currents: {no output
loads, T, = 25°C)
Logic Supply lea 4 mA
Buffer Supply ) les 20 LA

timing diagram

STAGE 1 ouTRUT | I l | | I | I | I I I | I ‘ l PNS 91213
TRIGGER OUTPUT 1 _—lm PIN 4

STAGE 2 0UTPUT L i l [ J ] J —l r PINS 10,14
TRIGGER OUTPUT 2 1 I I I I J 1 ‘ r e

STAGE-3 OUTPUT | | I . I PIN T

3-3
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MM5555, MM5556

Electronic Organ Circuits

MMb5555, MM5556 'chromatic frequency generétors

general description

The National Semiconductor MM5555, MMb5556
chromatic frequency generators are MOS/LSI
frequency synthesizers designed to generate musi-
cal frequencies. The circuits provide thirteen semi-
tone outputs, fully spanning the equal tempered
octave. The divisors have been carefully selected
to offer excellent tuning accuracy and to eliminate
any "locked” (just-intoned) fifths. Output charac-
teristics are fully compatible with the MM5554
Frequency Divider. The MM5555 or MM5556 is
packaged in a 14-lead dual-in-line package.

. features
® Single-phase square\)vave input
8 7 kHz to 2.2 MHz input frequency
= Accuracy of 0.5129 cent

applications
= Electronic organs
m  Electronic music synthesizers

® Musical instrument tuners

connection and logic diagrams
Dual-In-Line Package

Dual-In-Line Package

oM U L ol U e
TRIGGER PUT = b2 o TRIGGER INPUT ] LN
ne = L e = L2 i
' “neser 4 L “ReseT = | L e
*Used only for testing. Pin
S 10 $ 10
Voo =] = 4 is normally grounded. e o
§ 9 1] L]
Voo =t LEPYN Voo = I~ o8
Vol ==c8 VoL LIy
Tor view Top viEw
. Order Number MM5555N Order Number MM5556N

See Package 18

See Package_18

Typical Organ Tone Generator

2126 MHz
TRIGGER INPUT

2V
-18v
-1V
PR Y
Il AR
76 5 43 1 76 4.3 2
CHRDMATIC
— MM5SSE MMSE555 FREQUENCY
= GENERATOR
8 9 10 11 12 13 14 4 910 111213
JTTTTTT TTTTTL]
11 e L
RN RERR!
T09 ADO'L
MM5558'S
[—| .
| 11 [,
s 43 21 6 5 & 3 2 - 5 4 31 2
N 12(TOTAL)
MM5554 MMSS58 FREGuERCY umsS5e
DIVIDERS
1 10 11 12 13 14 8 9 10 1112 13 14 . 1) 10 11 12 13 4
LT ]
o T “3ca o = ‘3 = [
N
85 OUTPUT FREQUENCIES TO
KEYSWITCHING CIRCUITRY
output details (2.12608-MHz input)
MM5555 MM5556
OouTPUT E.TS. CENT OUTPUT E.TS. CENT
NOTE DIVISOR FREQUENCY FREQUENCY ERROR NOTE DIVISOR FREQUENCY FREQUENCY ERROR
c8 508 4185.20 4186.01 -0.326
- . F =8 359 5922.23 5919.91 +0.658
c9 254 8370.39 8372.02 -0.326
F8 380.5 6587.60 5587 65 -0017
B8 269 7903.64 7902.13 +0.321
E8 403 527563 5274.04 10.507
A =8 285 7459.93 7458.62 +0.295 }
D=8 427 43791 4978.03 +0.364
A8 302 7040.00 7040.00 o
D8 4525 4698.52 4698.64 -0.042
G =8 320 6644.00 6644 .88 -0.221
Cc=8 4795 4433.95 4434.92 ~0.368
G8 . 339 627162 6271.93 -0.082 |

34




s
absolute maximum ratings §1
A
Clock Generator Voltage (Vgg) 0.3V to =33V g
Logic Supply Voltage (Vpp) 0.3V to =25V o
Buffer Supply Voltage (Vgg) 0.3V to -18V
Trigger Input Voltage (V1) 0.3V to-18V <
Power Dissipation (Pg ) 800 mW =2
Storage Temperature (Tg) -55°C to +100°C g
Operating Temperature (T 5} 0°C to +70°C o
(<)}

electrical characteristics

;FA within operating range (Vgg =—27V *2V, Vpp = —14V 1V, Vgg = —10V.£0.5V), unless otherwise noted.

PARAMETER SYMBOL MIN TYP MAX UNITS

Trigger Input

Frequency fir 7.0 2126.08 2200 - kHz

Capacitance . Cir . 7.0 . pF/pkg

Rise and Fall Times t, t¢ 30 ns

{10% to 90% at 2.2 MHz)

, . 1
Pulse Width (at ~5.0V) ‘ pw 0.4T 0.6T {T=1-
.. . T

Logical High Level ViTh -2.0 0 : 0.3

Logical Low Level VitL -16 -10 -8.0 \Y

Leakage Current Lo . 1.0 : MA
Buffer Outputs: (loaded 20 k2 to

ground and, 20 kS2 to Vg,

Ta=25°C) : :
Logical High Level Von -1.0 0 . \%
Logical Low Level VoL - Ves -8.0 \Y
C8 Duty Cycle 50 %

C #8 thru C9 Duty Cycle 30 %
Supply Currents: {no output loads,
Ta=25°C)
Clock Generator Supply - lgs L1507 - 35 mA
. MM5555 Iop 16 34 ' mA
Logic Suppl : :
¢ pely MM5556 lop 22 40 . mA
Buffer Supply lss : ' 25 HA

typical performance characteristics

Ipp vs Ambient Temperature Tp . Ipp vs Vpp
fiy = 2.2 MHz S fir =22 MHz.
Vir = =12V ’ [ Vi =-12v
a2 | ~25<Veg <30 a2 | 725 Ves <30
Vpp = ~15V : . Ta=25°C &
5 B . 8 aes
o, Tt~ | MM5556 Z 4 P .
a I E = 6%
o . A
= a0 —~— 8w ~] \,“/A
)\ MME555 1
2% - ’ 26
L1
22 22 1
18 18
10 0 10 20 30 40 50 60 70 -2 -1 -i -15 16

T, — TEMPERATURE (°C) )
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MMb559

Electronic Organ Circuits

MM5559 serial-to-parallel converter

= 33 Parallel outputs
® Serial output
B DC-t0-250 kHz operation

general description . applications
) The MM5559 serial-to-paréllel converter provides 33 bits ® Matrix displays and printers
of conversion in a single package. A serial output facili- ® Musical instrument keyboard/tone generator interface
tates cascading these devices to provide targer conversions. controllers
features

logic and connection diagrams

Dual-ln-vLine Package

cLock 2-PHASE ,
INPUT CLOCK GENERATOR . . 1 )
Yo6 =] ' (s 20
l&“ “"2 CLK == o Vs
.SERIAL . SERIAL DATA IN == — DATA OUT
33-BIT SHIFT I R T
aTA— BIT SHIFT REGISTE Folia BIT 1 — — TRANSFER ENABLE
f¢1,........33l . 8Tz — — 8IT33
. BIT3 = e BIT 32
mé‘,’}'zﬁ:—b 33 QUTPUT LATCHES BIT4 — i-n— BIT31
. BITS b— BIT 30
s — LA 85 — — T2
- OUTPUT BUFFERS o7 e
{Rpg(on) = 1K) BITS -m = BIT27
1o o e easosell : are =2 I
TYPICAL i Vo EXTERNAL BIT 10 = |—8iT25
OUTPUT LOAD : !
‘ BIT 11— — BiT 28
Voo § BT 12 — b 81T 23
(vgg-10v) — > X \ BT 13 — — BIT22
‘ BIT 18 == BIT21
Voe —p x —_———- ' . ] 25 )
Vee—20V] . - —_—— — -—
{Vgs—20V) OUTPUT LOAD BIT15 BIT20
' REFERENCE "BIT 16 == f— BIT 19
VOLTAGE 20 21
(Vgs T0 Vg 30) BIT17 BIT18
33-Bit Serial-to-Parallel Converter . TOP VIEW
N R . Order Number MM5559N
timing diagram See Package 24

s fw=— tdh

‘ DATAIN . x

— 'pds

DATA OUT
(SERIAL)
W .
1,

’ L teg
TRANSFER
ENABLE
R ) pdp
OATA OUT .
(PARALLEL) .




absolute' maximum ratings

6GSSININ

Voltage At Any Pin Vsg + 0.3 to Vgg — 25V Storage Temperature -55°C to +100°C
Voltage At Any Output Pin Vss +0.3 to Vgg — 33V Lead Temperature (Soldering, 10 seconds) 300°C
Operating Temperature 0°Cto +70°C

dc electrical characteristics
TA within operating range, Vsg = 0V, Vpp = =10V, £10%, VGG = —20V *10%, output load reference voltage =
OV to —30V (via external foad resistor) .

PARAMETER CONDITIONS MIN TYP MAX UNITS

Data Input Voltages ’

Logic High Level Vgs—2.2 Vss \

Logic Low Level Vgs—11 Vgs—-7 \
Clock and Transfer Enable Input Voltages

Logic High Level . Vgs—1.0 . Vss \

Logic Low Level Vgs—11 .| vss—-86 \Y
Input Capacitance 7 pF
Input Leakage Current ' Ta=25°C, VIN = Vgs—11 . 10 HA
Clock Input Frequency Duty Cycle = 50% ) 250 kHz

Rise and Fall Times . Vsg—2.2 through Vgg—8.6 0.2 us
Transfer Enable Input .

Pulse Width Time at Vgg—8.6 1.6 us

Rise and Fall Times 0.2 ’ us : 3
Parallel Outputs ’

Output Voltage . l0=2mA Vgs—2 v

Leakage Current Ta=25°C, Vo = Vgg—30 10 HA
Serial Output Voltages ) ) ! A

Logical High Level Loaded 56 k§2 to Vpp Vgs—2 Vss \%

Logical Low Level Loaded 560 k2 to Vgg VDD Vgs—8 \
Power Supply Currents ' ’ .

Drain Supply, IDD B 10 mA

Gate Supply, 1GG (Note 1) 7.5 20 mA

Note 1: The magnitude of |GG is modulated by the parallel output data; the current is inversely proportional to the number of outputs
that are hig\h (sourcing current}. The typical value of 7.5 mA is representative of an alternating 1’s and O's output pattern.’
t .

ac electrical characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
tds Data Setup Time Referenced from Vgg — 7 on Data In 0.4 us
to Vgg — 8.6 on Clock In
tgh Data Hold Time 0.2 us
ttd  Transfer Delay Referenced from Vss — 8.6 0.6 Ms
tw  Transfer Strobe Width | - | 1.6 us
Propagation Delay
' tpds  Serial High-to-Low (Vsg to Vpp) 3.0 us
Low-to-High 1.2 us
tpdp Parallel Low-to-High with 10 k§2 Load 1.2 s

3.7



‘MM5823, MM5824

Electronic Organ Circuits

MM5823, MM5824 frequency dividers

general description

These frequency dividers ‘provide six stages of binary
division to produce six octave-related outputs of an
electronic musical instrument tone generator. Each
divider stage consists of an asynchronous, dc-coupled
flip-flop.

_ The six stages of the MM5823 are internally .connected

in cascades of two, one, one, and two flip-flops. Each
flip-flop drives-a push-pull output buffer which provides
very low output impedance in both logic states.

The six stages of the MM5824 are internally connected

in cascades of one, two and three flip-flops. Each flip--

flop drives a push-pull output buffer which provides very
low output impedance in both logic states. Two of the
internal cascades also provide trigger outputs for use in
cascading the divider stages.

The timing diagram shown results from connecting the
same input trigger to all three inputs.

The MM5823 and MM5824 complement the MM5832,
MM5833 and MM5B555, MM5556 chromatic frequency
generators; output characteristics and power supply
requirements are compatible. The MM5823 and MM5824
are packaged in a 14-lead dual-in-line package.

features

m 0 to 100 kHz toggle frequency
m 1,2, ,30r2, 1,1, 2stage partitioning -

applications

= Electronic organs
. ® Electronic music synthesizers
= Musical instrument tuners

connection diagrams

Dual-In-Line Package

1 = 14
Voo ==t — 0UTPUT 1B
z 2 1 UTPUT 1A
INPUT 1 12f 0
3 oy ] 12
INPUT 2 '_2_I 0UTPUT 2
4 oot | 1
INPUT 3 {:2 oUTPUTI
5
NG~ e oUTPYTAB
5 []
INPUT 4 1:2} OUTPUT 4A
Voo L
00 = MM5823 ss

TOP VIEW

Order Number MM5823N
See Package 18"

Dual-In-Line Package

Voo —t 1 outeur 28
2 . 13
T — L~ ouTPUT 28
INPUT 2 12 gureurs
TRIGGER _4 11
ouT 1 7 OUTPUTIC .
1
INPUT 1 = 7 % outeut 38
]
eyt 3 —4 — OUTPUT 3A
7 8
Voo = MMS5824 [ Vs
TOP VIEW
Order Number MM5824N

See Package 18
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absolute maximum ratings

Logic Supply Voltage (Vgg)
Buffer Supply Voltage (Vpp)
Trigger Input Voltage (V)
Power Dissipation (Pp)
Storage Temperature (Tg)
Operating Temperature (T )

electrical characteristics

0.3V to —30V
0.3V to 18V
0.3V to -25V
250 mW

-55°C 10 +150°C
0°C to +70°C

Ta within operating range‘ (Vgg =27 £1V, Vpp =—11.510.5V, Vgg = OV), unless otherwise noted.

PARAMETER MIN TYP MAX UNITS
Inputs:
Frequency (f7) DC 100 kHz
Rise and Fall Times (10% to 90%) (t,, t;) 25 us
Pulse Width (at 90%) (pw) 2 s
Logical High Leve (V) -2.0 Vgs 0.3 v
Logical Low Level (V1) -18 =10 -8.0 Vv
Leakage Current @ V7 = =18V (I} 1.0 HA
Triggerl Outputs: (loaded 10M ohm
to ground, T = 25°C}
Logical High Level (Vory) Vgs—1.5 Vss \
Logical Low Level (Vg1 ) -18 -10 \V
Outputs: (loaded 10k ohm to ground
and 10k ohm to Vpp, Ta = 25°C)
Logical High Level (Vo) -0.5 -0.3 \
Logical Low Level (Vg ) Vpp+0.3 Vopt0.5 \
Supply Currents: (No output loads, Ta = 25°C) "
Logic Supply (Igg) 2.0 8.0 mA
Buffer Supply (1pp) 20 MA

3-9
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MM5E823, MM5824

typical application

2.00024 MHz
TRIGGER INPUT >
27V >
-1y >
-10V D~
765 4 321 765 4 3 21
. CHROMATIC
- MM5833 , MMS5832 FREQUENCY
= . GENERATOR
8 8 10 1 12 13 14 8 9 10 1112 13 14
' N v L
[ I A | [ I I |
N _
TO9 ADD'L
MM5824
765 43 2 3 4 2 1 - 21
. ! ! 8 3 12 (TOTAL) TES 43
MM5824
MM5824 MM5824 FREQUENCY MM5824
DIVIDERS :
8 9 10 11 12 13 14 8 9 10 11192 13 14 8 910 111213 14
c#8 = 76 4 3 .c=2 D8 = 76 64 3Mm 6 = 5 43 9
~ . D
85 OUTPUT FREQUENCIES TO
KEYSWITCHING CIRCUITRY
4 Typical Organ Tone Generator

timing diagram

TRIGGER I | | l | | l I I | l l l | | | I |
INPUT

ouTPUT | I ]
ouTPUT ] | | | _

ouTPUT l l l




Electronic Organ Circuits

CEBSIN 'CESSININ

MM5832, MM5833 chromatic frequency generator

general description

The National Semiconductor MM5832, MM5833 chro- m 7 kHz to 2.1 MHz input frequency
matic frequency generator is an MOS/LSI frequency
synthesizer designed to generate musical frequencies. = Maximum error of 1.16 cent

The circuits provide thirteen semi-tone outputs, fully -

spanning the equal tempered octave. The divisors have .

been carefully selected to offer excellent tuning accu- applications
racy. Output characteristics are fully compatible with
the MM5554, MM5823 and MM5824 Frequency Dividers.
The MM5832 or MM5833 is packaged in a 14-lead dual-
in-line package.

Celeste tone generator
m Electronic music synthesizers
features "

Organ tone generators

® Single-phase squarewave input ® Chorus tone generators

connection diagrams

Dual-In-Line Package Dual-In-Line Package

d U e : | U s
GND =t N ] , GND —— [ e
2 13 2 13
TRIGGER INPUT }— 9 TRIGGER nwur—{ b—F =8
Nc—i L] BB NC —]| l F8
. ing. Pin 4 11
*RESET — MMS832 S f,f‘.’.‘l;."y'ygfﬂlii‘&"’ s *RESET ‘—41 Mmess3 — 8
5 10
Vog = LU Voo ] F— D #8
9
VDD—B _g_ G =8 Voo -—ﬁ| b= 08
7 8 7 3
Vgg . p=—oc8 Vgg =i b1 =8
TOP VIEW TOP VIEW
Order Number MM5832N Order Number MM5833N
©  See Package 18 ' See Package 18




MM5832 MM5833

absolute maximum ratings

 Clock Generator Voltage (VéG)
_Logic Supply Voltage (Vpp)

Buffer Supply Voltage (Vgg)
Trigger Input Voltage (V1)
Power Dissipation (Pp)
Storage Temperature (Tg)
Operating Temperature (T )

electrical characteristics

Ta within operating range (Vgg =—27V %2V,

Vgs +0.3V to Vgg — 33V

Vgg + 0.3V to Vgg — 25V

Vgs +0.3V to Vgg — 18V
Vgg + 0.3V to Vgg — 18V
800 mW

—-55°C to +100°C

0°C to +70°C

Vpp =—14V #1V, Vgg =

10V £0.5V, VVSS = OV), unless otherwise noted."

PARAMETER MIN TYP MAX UNITS
Trigger Input . .
Frequency (fi1) 7.0 2000.24 2100 kHz
Capacitance {C1) 7.0 pF/pkg
Rise and Fall Times (t,, t¢) 30 ns
(10% to 90% at 2.1 MHz) )
Pulse Width (at =5.0V) (pw) 0.4T 0.6T (T=1/f1)
Logical High Level (V,14) +0.3 0 . 20 \
Logical Low Level (V1) -16 -8.0 \
Leakage Current (ly1) 1.0 MA
Buffer Outputs:* {loaded 20 k2 to
ground and 20 k§2 to Vgg, Ta = 25°C) .
Logical High Level (Vo) -2.0 0 \
Logical Low Level (Vg ) Vgg -8.0 \
C8 Duty Cycle 50 ' %
C =8 thru C9 Duty Cycle - 30 i "%
Suhply Currents: (no output.loads,
Ta =25°C)
Clock Generator Supply (igg) 1.5 3.5 mA
Logic Supply {lpp) 16 - 34 mA
Buffer Supply {lgg) 25 uA
typical performance characteristics ,
Ipp vs Ambient
Temperature T lIpp vs VDD
50— 50—
fir = 2.1 MHz . fir = 2.1 MHz
4 vy =-t2v a6 vy Z_qav
42 | —25<Vag<-30 42 |~ -25<Vas<-30
Vop = —15V Ta=25°C
., _ 3
g i
£ u £ 2
=} =)
< 3 MM5832/MM5833 Tk Y —— L~ ~
M~ | MMS832/MMS833__4—"]
2 2
2 2 ~
18 18
-10 0 10 20 30 40 50 60 70 -2 -13 -1 -15 -1
Ta - TEMPERATURE ('C) Vop (V)




typical application

2.00024 MHz
TRIGGER INPUT
2
-1av
-10v >

-f—q

€E8SININ "'CEBSININ

CHROMATIC
MM5833 MM5832 FREQUENCY
GENERATOR

___9

=

TO9 ADD'L .
MM5824 ’

i

4 76 4 1 . 765 4 3 21
765 121 5 12 12 TOTAL
MM5824

MM3824 MM5824 FREQUENCY MMS5824

DIVIDERS

8 9 10 11 1213 14 8 9 10 111213 14 8 9 10 11 12 13 14

cs8 = 16 4AJ C=2 08 - J 6 5 4 3 D2 8’ - . 5 41 c9

—

85 OUTPUT FREQUENCIES 0
KEYSWITCHING CIRCUITRY

Typical Organ Tone Generator

output details (2.00024 MHz input)

MM5832
. OUTPUT E.T.S. CENT.
NOTE | DIVISOR | coequency | FREQUENCY | ERROR
c8 478 4184.61 4186.01 -0.565
c9 239 8369.21 8372.02 -0.565,
B8 253 7906.09 7902.13 10.842
A#8 268 7463.58 7458.62 1.119
A8 284 7043.10 7040.00 0.740
G#8 301 6645.32 6644.88 0.112
G8 319 6270.34 6271.93 -0.424
MM5833
OUTPUT E.TS. _CENT.
NOTE | DIVISOR | ¢ cequency | FREQUENCY | ERROR
F #8 338 5917.87 5919.91 -0.580
F8 358 5587.26 5587.65 -0.117
‘E8 379 5277.68 5274.04 1.160
D #8 402 '4975.72 4978.03 -0.780
D8 426 4695.40 4698.64 ~1.159
c#8 451 4435.12 4434.92 0.076




MM5837

MM5837 digital noise asourcé

general description

The MM5837 digital. noise source is an MOS/MSI
pseudo-random sequence generator, designed to produce
a broadband white noise signal for audio applications.
Unlike traditional semiconductor junction noise sources,

. the MM5837 provides very uniform noise quality and

output amplitude. The shift register starts at a random
non-zero state when power is applied. The circuit is
packaged in an 8-lead Epoxy-B mini-DIP.

features

® Uniform noise quality

Electronic Organ Circuits

Uniform noise amplitude
Eliminates noise preamps
Self-contained oscillator
Single componént insertion

applications

m Ejectronic
generators

® Music synthesizer white and pink noise generators
™ Room acoustics testing/equalization

musical rhythm instrument sound

logic and connection diagrams

‘s Vss . Vss

17-BIT SHIFT REGISTER

CLOCK OSCILLATOR

OUTPUT

Dual-In-Line Package

1 8
Voo =i I_] -
7
Vg = -
NC
6
4 5
Vs =——dg p—

TOP VIEW
Order Number MM5837N
See Package 17




absolute maximum ratings

LEBSININ

Optional Gate Supply Voltage, Vgg Vss — 33V to Vgg + 0.3V
Logic Supply Voltage, Vpp Vgs — 25V to Vgg + 0.3V
Storage Temperature, Tg -55°C to +100°C
Operating Temperature, T 0°C to +70°C

L.ead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
Ta within operating range, Vsg = 0V, Vpp = ~14V £1.0V, Vgg =—27V %2V, unléss otherwise noted.

PARAMETER " CONDITIONS MIN TYP MAX UNITS
Output (Loaded 20 k€2 to Vgg Ta =25°C
and 20 k2 to Vpp
Logical /1" Level . Vgs—1.5 . Vss v
Logical ‘0" Level Vob Vppt1.5 Vv
Logical “0” Level Vgg =14V #1V Vob Vppt3.6 \

Supply Currents

Ipp * " No Output Load 3 8 mA '
lee . ' 7 mA 3

Half Power Point 24 56 kHz

Cycle Time . 1.1 24 Sec




MM5871

MM5871 rhythm pattern generator

general description

The MM5871 rhythm pattern generator is an MOS/LSI
circuit, fabricated with P-channel enhancement-mode
and ion-implanted, depletion-mode devices. The PLA
implementation is programmed to produce 6 rhythm
patterns which may be combined in any manner and
provide 5 instrument-trigger outputs. Trigger output
pulse width is determined by an external RC network,
(Figure 1). A similar network, including a potentiometer,
determines tempo of the on-chip oscillator. This circuit
is packaged in a 16-pin Epoxy-B DIP, (Figure 2). Figure
3 illustrates the standard pattern coding. Figure 4 is a
programming worksheet for ordering custom patterns.

features

L] On-chip‘tempo oscillator
® Variable output pulse width
® 6 rhythm patterns

Electronic Organ Circuits

® 5 trigger outputs
® Flexible supply voltages
= Low power dissipation

~standard patterns

Waltz (3/4)
Swing (3/4)
Country/Western {3/4)
March (4/4)
Latin (4/4)
Rock (4/4)

applications

m Electronic organs
B Portable rhythm boxes

block and connection diagrams

w Vss

10"
cLocK STROBE REMAINING
0sc GENERATOR CIRCUITS
TEMPO P
Voo
> \g - )
AS
Ve —>
I ] v
N BASS
* orum
3 v 4 .
woop
BLOCK
SWING > [~—a] PROGRAM-
. AUDRESS MABLE BONGO
w » counter [» wosic [ prom
WALTZ o] systEm —»! ammav
| conTRoL BRUSH
LATIN »|  Locic > cvmpac
ROCK > >
MARCH > — ,svréfs“:
FIGURE 1.
Dual-In-Line Package
1 U 16
V6 —p fu SWING (E) 3
B 2 15 ;~TIME
TEMPO CONTROL ——4 p— COUNTRY/WESTERN (F) PATTERN SELECT
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TOP VIEW
FIGURE 2.

Order Number MM5871N
See Package 19
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absolute maximum ratings

MIN MAX
Suppl'y Voltages VGG -33 0.3
VDD -22 03
Input Voltage -18 0.3
Storage Temperature Ts -55 100
Operating Temperature TA 0 70
Lead Temperature (Soldering, 10 seconds) 300

electrical characteristics

Ta within operating range, Vg =0V, Vpp = —14V 22V, VGG = 27V %2V, unless otherwise noted.

UNITS

o

coo<<<

o

PARAMETER CONDITIONS MIN. TYP MAX UNITS
Tempo Control Input C to Vgs = 0.0056 uF
Minimum Tempo RtoVpp = 1.1 MQ <2.7 bps
Maximum Tempo R to VDD = 120 kS2 (Note 1) >27 bps
Pulse Width Control Input C to Vgs = 0.0056 uF
R'to Vpp = 100 k2, (Note 1) 2 3 4 ms
Select Inputs
Logic High Leve! (Active Level) Vgg—0.75 Vss Vgs+0.3 \Y
Input Current VIH = Vss ’ 0.2 mA
Logic Low Level VDD VDD Vpp+0.75 \
Trigger Outputs
Logic High Level (Active Level) (w/20k to Vpp) Vss—0.37 Vsg+0.3 \
Leakage Current VoL = VpD, (Note 2) -10 HA
Supply Currents (No Qutput Loads) .
bp 20 mA
166 5 mA

Note 1: Both the Tempo Control and Pulse Width Contro! inputs utilize external RC networks to determine tempo and strobe pulse width. Addi-
tionally, these parameters are affected by the Vgg —~ Vpp voltage. Therefore, for these tests the RC values apply to Vgg ~ Vpp =14 0.5 volts.

- Note 2: " All triggér outputs are open-drain transistors. The active output level is therefore high, and the off condition is high impedance as indicated

by the specified teakage current.

31
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- MM5871

g1-€

Device: MM5871
Customer:
Pattern: AA (Standard).

DEVICE PIN 16 15 14 7 < 6 8
Rhythm Name Swing Country/Western Waltz t.atin Rock k March
Rhythm Space E F D B C A
Time 3/4 3/4 3/4 4/4 4/4 4/4
Instrument Trigger
Qutputs: ’
Device | Instrument  Card Counts . Counts Counts Counts Counts Counts 1
Pin Name AddressjO} 1} 2|3]| 4| 5)5|5}5{0}j1]2]|3|4|5]|5|5]|5]J0j1]2]3[4|5|5|5|5{0}1]2]34|5|6[7]0]1]2}3{4}5|6]7]|0]1}2]{3]4|5]|6|7]|Toals
9 Bass Drum A0 X X X X X X X)X XX X X 12
10 | Block Al \[ 1/ \ 1/ NIV X X 3
11 Bongo A2 X X\ - X X XX X XX X XX} 12
12 Brush A3 X X X XXX XX § X XIXIXIXIX XX IXIXIXIX|X|X|X[X[X]X X 26
13_| Snare Al X V X - X X ] BES x[x X x x| 10 -
A5 \ \ N\ 0
A6 0
1" Totals 2|/ojoj2joj1fo|ofof2|r|1j2|1]2i0j0}j0]2]0]2jo|2jofjojofo{3|1|1|2|2}1|3}3]2]|113]|2|2]1i3}|3}j2|o}2]0]|2]0]|2]|2] 63
Note 1: In this chart, “X'* represents the presence of a gate in the spot.
Note 2:. ““X"" = 1; negative logic.
- FIGURE 3. Standard Pattern Coding
Device: MM5871 )
Customer: -
Pattern: ; - .
DEVICE PIN 16 15 14 7 6 8
Rhythm Name
Rhythm Space E F D B C A
Time 3/4 3/4 3/4 4/4 4/4 4/4
Instrument Trigger
Outputs: R
Device | instrument  Card Counts Counts Counts Counts Counts Counts i
Pin Name Addressfo| 1] 2| 3] 415{5|5]5(0|112}3]4|5|5|5|5{0|1]2|3]4{5|[5|5}5)j0j1{2{3]4)j5]6{7]0|1|2[3]4|5]|6|7}j0]1]2]3]|4]|5]|6]|7]Totals
9 Bass Drum A0
10 | Block Al R \[ I/ NIV NIV
11 Bongo A2
12 | Brush A3 X X X
13 | Snare A4 4
A5 \ /LN Wi\ [
A6 | [+]
“1” Totals . 0{0jo0 0[(0}jo0 0|00

Note 1: Combination counts of 5 on 3‘/4 time are not programmable, i.e., no gates in '555" section.
Note 2: In this chart, X" represents the presence of a gate in the spot. )

Note 3: X" = 1; negative logic. i
FIGURE 4. Programming Worksheet For Ordering Custom Patterns




Electronic Organ Circuits

MM5891 MOS top octave frequency generator

general description

The MM5891 top octave frequency generator is an
MOS/LS! frequency synthesizer designed to generate
musical frequencies. The circuit provides 13 semitone
outputs, which encompass the equal tempered octave. .
The divisor set approximates the 12\/5 semitone interval
to an accuracy of £1.16 cent.

Low threshold voltage enhancement-mode and depletion-
mode devices are utilized; the MM5891 therefore
operates from a single, wide range power supply.
Power dissipation is less than 600 mW. The circuit is
packaged in the 16-pin Epoxy B dual-in-line package.

Potential REI emission of the input clock is minimized
by positioning the clock input between the Vgg and

Vpp pins. Chip layout also isolates the clock and output
buffer areas. Additionally, the outputs are slew-limited
to reduce RF spectral content of the output signals.

~ features

= Single power supply

® Broad supply voltage operating range
= | ow power dissipation

m High output drive capability

MM5891AA—50% output duty cycle
MM5891AB—-30% output duty cycle

block diagram

2,00024 MHz » CLOCK
CLOCK DRIVER

QUTPUT
DRIVERS

connection diagram

Dual-In-Line Package

Vss ! U ’i +478
cLock = L1053
Vop —31 2 253
2451~ E *233
2425 =21 L
;ﬂmzi }-”—+3I]1
+379 —” rﬂ- =319
eﬁﬁB-—Bl : S =338
TOP VIEW

Order Number MM5891N
See Package 19
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MM583

absolute maximum ratings

recommended operating conditions
(0°C < Ta < 50°C) '

Voltage an Any Pin Relative to Vsg +0.3V t0 20V - MIN . MAX . UNITS
Operating Temperature (Ambient) 0°C to +50°C Supply Voltage (Vgg) Y 0 v
Storage Temperature (Ambient) —-40°C to +100°C Supply Voltage (Vpp) -11.0 -16.0 v
electrical characteristics 0°c<Ta <50°C;Vgs=0, Vpp = —11to —16V unless otherwise specified
PARAMETER MIN TYP | MAX UNITS
VIH Input Clock, High o -1.0 \
ViL Input Clock, Low Vpp+1.0 VDD AY)
- Input Clock Frequehcy 100 2000.240 2500 kHz
tr, tf Input Clock Rise and Fall Times, 10% to 90% 30 ns
at 2.5 MHz
tON, tOFF  Input Clock “ON” and “OFF** Times at 2.5 MHz 200 ns
C| Input Capacitance » 5 10 pF
VoL Output, Low at 0.70 mA Vpp+1.5 VDD \
VOoH Output, High at 0.75 mA Vss—1.0 Vss \Y
tro. tfo Output Rise and Fall Times, 500 pF Load 250 : 2500 ns-
1ON - Output Duty Cycle
MM5891AA 50 ' 1 %
MM5891AB— (Pin 16, 50%) 30 A %
IbD Supply Current 24 37 mA

3-20 -




switching time waveform

viL

typical performance characteristics

ISINK vs VouT

18
Vo =16
~16 -
14
12 vpp=-11
5 -10 —T 1
S 1|  maxsousce
CURRENT = 0.7 mA ]
5 —
-4 OPERATING AREA
<y CURRENT
-2 IUVE’ERL?ADIAREA
1

0
0 01020304 05060708 09
SINK CURRENT TO CHIP (Vpp)

output loading

Output Loading tf, Test

-16 ) ’

20k

V . 500 pF
— T

~16 .

Vout -

-4

-3

-2

-1

0 o
0 01 020304050607 08 09

ISOURCE vs VouT

| CURRENT =0.75 mA™<X]

T 1T
MAX SOURCE

OPERATING AREA N

CURRENT N
OVERLOAD AREA

SINK CURRENT FROM CHIP (Vgs)

Output Loading tyq Test

20.75k

T 500 pF
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MM5318

MM5318 TV digital clock

general description

The MM5318 digital clock is a monolithic MOS
integrated circuit utilizing P-channel low-threshold,
enhancement mode devices. The circuit contains all the
logic required to give a 4 or 6-digit, 12 or 24-hour dis-
play from a 50 or 60 Hz input. The digit select inputs
enable an external digital system to select which digit
will be available at the BCD and 7-segment outputs.
An example of this is a television receiver. By using the
MMbB318 with a MM5841 in a television receiver, the
time of day can be displayed with the TV channel
selected on the TV screen. The MM5841 determines
what digit it requires from the MM5318, where on the
screen-it will be displayed and presents the information
to the TV receiver, The MM5318 is packaged in a 28-

* lead dual-in-line package.

TV Circuits

features

® 12 or 24 hour operation

50 or 60 Hz input

4 or 6-digit display

BCD outputs

Digit select inputs'

Leading zero blanking in 12-hour mode

High output currents for simplified display interfacing
Single power supply

applications
= TV time display
® Computer real time clock

block and connection diagrams

12/24 HOUR

HOLD sLow FAST SELECT
S0/60 Hz
SELECT
y ¥ | ! I 1
PRESCALE SECONDS MINUTE HOUR
Set: ] SHAPING COUNTER —] counTER —J counTer [—| counter oy
L' 150 OR €0 50 160 “120R 28
Vss —>
VDD_’
L 4
SECONDS, MINUTES AND HOURS MULTIPLEXER N
MULTIPLEXED
X . DECODER BED OUTPUTS
DY —>  coper 7 AND MULTIPLEXED
02 =P 7 RoM @ TSEGMENT
: . OUTPUTS
L DIGIT ENABLE
OUTPUTS
FIGURE 1. Block Diagram
.
Dual-In-Line Package
28
Vpp =Y — 0z .
- DIGIT
s - = oy} seLect
MULTIPLEXED % LINES
BCD OUTPUTS | BCDE =i = ox
(NEGATIVE 2
TRve) | gep7 4 [— w1
507 = L2 o
= 2 | e .
ENABLE
) 22 [ Guteurs Order Number MM5318N
. 2 See Package 23
¢ =Y 12L&
MULTIPLEXED
7SEGMENT { g Y] 120 1o
' 0UTPUTS
.2y
¢ il
. : o3
12/22HOUR SELECT 1

suso Mz seLeeT A

2. 50760 2 iwpuT
'8 Fastser

L7 sLowseT

15, noto

15
b= Vg5

TOP VIEW
FIGURE 2. Connection Diagram-
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absolute maximum ratings

Voltage at Any Pin

Operating Temperature

Storage Temperature E

Lead Temperature (Soldering, 10 seconds)

Vgg + 0.3V to Vgg — 20V
0°C to +70°C

—65°C to +150°C

300°C

8LESININ

electrical characteristics Ta within operating range, VDD = 0V, Vgs = 14V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Current Vsg = 14V (No External Output Loads 4 30 mA
’ All BCD Outputs at Logical 1)

50/60 Hz Input Frequency dc 50 or 60 60k Hz
50/60 Hz Input Voltage

Logic “1” Vgs—2 Vss Vss \%

Logic ’0*’ -2 VDD 4 \
Digit Select Input Delay 400 2000 ns
All Logic Inputs Internal 20k, Resistor to Vgg .

Logic *“1" (Except Digit Select Inputs) Vgs—1 Vss Vss Y

Logic 0" -2 VDD 4 A
BCD Outputs

Logic “1"* Output Voltage at Vgg — 2 2 10 mA source

Logic 0" 0.01 mA Sink VpD 0.3 \%
7-Segment Outputs Output Voltage at Vgg — 2

Logic 1" 2 - 20 mA source

Logic 0" 0.01 mA leakage
Digit Enable Outputs

Logic 1" 0.1 mA Source Vgs-0.3 Vss \

Logic “0” Output Voltage at Vgg — 2 5 15 mA sink
functional description ,

A block diagram of the MM5318 digital clock is shown
in Figure 1. A connection diagram is shown in Figure 2.
Unless otherwise indicated, the following discussions are
based on Figure 1.

50 or 60 Hz Drive: This input is applied to a Schmitt
Trigger shaping circuit which provides approximately
5V of hysteresis and allows using a filtered sinewave
input. A simple RC filter such as shown in Figure 6
should be used to remove possible line voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: This input prograrhs the
prescale counter to divide by either 50 or 60 to obtain
a 1 Hz timebase. The counter is programmed for 60 Hz
operation by connecting this input to Vpp. An internal
20k pull-up resistor is common to this pin; simply leaving
this input unconnected programs the clock for 50 Hz
operation.

Time Setting Inputs: Both fast and slow setting inputs,
as well as a hold input, are provided. Internal 20 k2
pull-up resistors provide the normal timekeeping function.

Switching any of these inputs (one at a time) to Vpp
results in the desired time setting function. Fast set
advances hours information at one hour per second and
slow set advances minutes information at one minute per
second. The- Hold Input stops the clock to the prescale
counter. .

12 or 24 Hour Select Input: This input is used to
program the hours counter to divide by either 12 or 24,
thereby providing the desired display format. The 12-
hour display format is selected by connecting this input
to Vpp; leaving the input unconnected (internal 20 k&2
pull-up) selects the 24-hour format.

Digital Select Inputs (DX, DY, DZ): These three inputs
are used to determine what digit will be displayed, Table
I shows the code for each digit. A logic 1" is when the
pin is held to Vgs. When the pin is tied to Vpp, a logic
“0” results.

Output Circuits: Figure 3 illustrates the circuit used for
the BCD outputs. Figure 4 shows the circuit used for the
7-segment outputs. The digit enables output circuit is
shown in Figure 5. Figures 6 and 7 illustrate typical
applications for the MM5318.
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MM5318

—

functional description (continued) . - .

TABLE I. Digit Select Code

DIGIT DIGIT DISPLAYED
SELECT
LINES §1 8§10 . M1 M10 = H1 H10
DX 1 o] 0 1 Tt .0 0 1
- DY 1 1 ] 0 0 0 1 1
Dz 0 0 0 .0 1 1 1 1
*Output blanked
output circuits
Vsg I.js . )
Vss Ves 0 ' 41
v v DIGIT ENABLE
. : s§ ss oUTPUT
100
BCD QUTPUT o 1 Y
Voo S I : ‘
3" 7SEGMENT d
Voo (oPEN DRAIN)  OUTPUT ‘ )
Voo . 600
Vop Voo

FIGURE 3. BCD Output Circuit

typical applications

FIGURE 4. 7-Segment Output Circuit

FIGURE 5. Digit Enable Output Circuit

v INTENSITY
v ADJ,
— T0 TV VIDED
e B RN rrrarr n OUTPUT CIRCUIT
-
B0 He PR WL E N o
(12v RMS) > L
100k =
0.4 3 BCD4 2
X — —12v vIDEQ
I RECLINN b8 UL ot
i .
FAST SET = 18 - .
MM5318 FROM TV
I >
sLowseT g = VET) PRALLSE 7 5 HORIZONTAL RETRACE
J i - oy .
HOLD @t 5 2fe e . .
= oz | wmssar | VER ov.
2le . 2 —
12 HR GND o, 131 1le-9—2 zzL—« .
24HR +12V T ]’_‘[_ 5 2 CHNL VERTICAL RETRACE
' = 2 3 UNITS )
2 : .
HORIZONTAL N
POSITION g om
Z3f—q4 TENS
1 [] = |
0S¢ INY
VERTICAL 1
POSITION
Aol
12y

DIGIT SELECT P

+12V FOR 8 DIGIT
- GND FOR S DIGIT

MODE CONTROL D

+12V FOR CHANNEL AND TIME
GND FOR CHANNEL ONLY

cLOCK )
13 DM74C00
4 MHz 33pF .
1k % | miseLay oFF

7

FIGURE 6. TV Channel and Time Display
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typical applications (Continued)

AC INPUT +av
>
100k IN914
Vss
T~ 001F 19 15
28 [4—
FAST ale
JE =
*>— —]18 26 1
sLow
. DIGITAL
p— ~{y, Mweas SYSTEM
16 2 >
14 3 —Pp
13 4 »
m >
20 5 Pl

FIGURE 7. Typical Application
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MM5320

TV Circuits

MM5320 TV camera sync generator

general description features

The MM5320 TV camera sync generator is an ® "Multi-function gen lock input provides flexi-
MQOS, P-channel enhancement mode, LSI chip ble control of multiple camera installations
designed to supply the basic sync functions for ® 16 lead dual-in-line'package

either color or monochrome 525 line/60 Hz
interlaced camera and video recorder applications.
Required power supplies are +5V and —12V, or

Conventional +5V, -12V power supplies
Uses 2.04545 MHz or 1.260 MHz input ref-

any other combination resulting in Vgg — 17V. All e’,e”“? ' ' N .

inputs and outputs are TTL compatible without _® Field indexing provided for VTR applications

the use of external components. ® Color burst gate and sync allow stable color
' operation” )

logic and connection diagrams

' L0GIC
RESET ¢ VERTICAL VERTICAL VERTICAL DRIVE

CONTROL ; DIVIDER

VERTICAL (:525) DECODING EQUALIZATION GATING
RESET SERRATION GATING i

VERTICAL
DRIVE OUT

FIELD
INDEX

HORIZONTAL : : cB GATE COLOR BURST
neset O R @‘0 GATE 00T
cLock Y ¥ +
inpyr O HORIZONTAL ' . HORIZONTAL
OIVIDER z DRIVE OUT
(65401
[
<+— COLOR BURST
DIVIDER womizonTaL | SYNC OUT
CONTROL oecoom |
T ~ HORIZONTAL SYNC . *
l EQUALIZATION hq . COMPOSITE
—|  comrosie —»
SERRATIONS > SYNC syncour *
HORIZONTAL SLANKING g LoGIC X
INDEX __,_f
Logic
L 9
Y ! composiTe
- COMPOSITE
VERTICAL BLANKING :l BLANKING BLANK QUT
@—Q
e

Dual-In-Line Package

© Voo = Uﬁ 16 f— COMP SYNC OUTPUT N
OIVIDER CONTROL ~—f 2 15 = Hz ORIVE
CLOCK INPUT —{ 3 14 | COMP BLANKING i
Hz MSIEY— aq 1 COLOR BURST SYNC
VERT RESET —{ § 12 | COLOR BURST GATE
. RESET CONTROL —{ 6 " 1= VERTORIVE
ne—]7 10 f—nNC !
Vgs =] 8 9 )—mwlunzx
TOP VIEW

Order Number MM5320N
See Package 19
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature

Vgg + 0.3 to Vgg - 22
0°C to +70°C
-65°C to +150°C

Lead Temperature (Soldering, 10 seconds)

dc electrical characteristics
Ta within operating temperature range Vgg = +5.0V £5%, Vgg = =12V £5%, unless otherwise stated.

300°C

PARAMETER CONDITIONS MIN TYP MAX UNITS
{nput Levels
Logical High Level (V) Vgs— 1.5 Vgs + 0.3 \'
Logical Low Level (V,_} Vgs — 18 Vss —4.2 \
Input Leakage Vin =10V, Tpa = 25°C, 0.01 ) 0.5 HA
All Other Pins GND

Input Capacitance Vin =0V, f=1.0MHz, 35 6.0 pF
All Other Pins GND {Note 1)

Clock Input Leakage VN = =10V, T, = 25°C, 0.5 HA
All Other Pins GND

Clock Input Capacitance Vin =0V, f = 1.0 MHz, 35 6.0 pF
All Other Pins GND (Note 1)

Output Levels ' .
Logical High Level (Vo) Isource = 0.5 mA 2.4 Vss \
Logical Low Level {Vo ) lsink = 1.6 mMA 04 \
Logical Low Level (Vg ) MOS Load Vgg — 12,5 Vgg — 11 Vss = 9.0 \

Power Supply Current (Igg) - Ta =+25°C, Vgg = —12V 24 36 mA

Ppw = 235 ns, Vgg = +5.0V
Input Clock Frequency = 2.04545 MHz
ac electrical characteristics
Ta within operating temperature range Vgg = +5.0V £5%, Vgg = —12V *5%, unless otherwise stated.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Clock Pulse Width (¢ppw) Input Clock Frequency = 2.04545 MHz 190 235 280
$t,, otg = 20 s
Input Clock Pulse Width (¢py) Input Clock Frequency = 1.26 MHz 520 . 545 570
#t, = ¢ty = 20 ns (Note 3)
Horizontal Reset Pulse Width Within 400 ns after the Falling Edge of 500 600 800 ns
Master Clock (Figure 5)
Rise and Fall Time = 20 ns ~

Output Propagation Delay (t 4}

Logical-High Level (Vgp) Capacitance at the Output = 15 pF 500 750 ns
Logical Low Level (Vo) (Figure 5) 500 750 ns
Within 400 ns after the Falling Edge of 500 600 700 ns

Field Index Pulse Width

Master Clock (Figure 5) {Note 2)
Rise and Fall Time = 20 ns

Note 1: Capacitarice is guaranteed by periodic testing. .
Note 2: Field index output available only for master clock of 1.26 MHz.
Note 3: If field index is not required the clock pulse width is 300 ns < ¢pw < 570 ns

4-7
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MM5320

functional description

EXTERNAL CONTROL LEVELS

Horizontal Reset occurs for Logic /0, this resets
the.horizontal counter to a state shown in Figures
2 and 3.

Vertical Reset occurs for Logic “'0,”" this resets the

vertical counter to a state determined by reset

control input as shown below:

RESET PERMITS THE VERTICAL
CONTROL iNPUT COUNTER TO RESET TO THE:
- Vin, (Vgs) 0 th count
ViL. (Vgg) 11 th count
Logic “0" =V,

Logic “1"" =V y
Divide select input .= V,_, (Vgg) for master clock
frequency of 1.26 MHz. .

Divide select input = Vy, (Vgg) for master clock
frequency of 2.04545 MHz.

INPUTS

"The user may select either of two input clock

frequencies by properly programming the Divider
Control pin. In one case the input frequency is
2.04545 MHz; which is 14.318180 MHz divided
by seven. The other is eighty times the horizontal
frequency, or 1.260 MHz. The divider control will
be programmed by connecting it to V,H (Vgg) and
VL. (Vgg) respectively.

There are separate Vertical and Horizontal Reset
inputs which allow directly resetting the appro-
priate divider(s) by a control. pulse generated by

external means. Both horizontal and vertical divid-.

ers may be reset simultaneously by connecting
the Vertical and Horizontal Reset pins together
and driving them with the same reset signal. Actual
resetting of the vertical divider is to either of two
states, depending upon the state of, the Reset

.Control "input; to zero, or to the fifth vertical

~scribed 'above,‘ it can also be used to

serration pulse (eleven 0.5H time intervals from
leading edge of Vertical Blanking). Refer to the
reset table above. The horizontal divider will
alwdys be reset to a position which is 8 input clock -
pulses from the leading edge of the serration g'ate
in the horizontal timing scheme (Figure 2 and 3).
The generator is reset to the odd field (field one).
The Field Index output pulse occurs once each
odd field at the leading edge of Vertical Blanking.
It can be used to reset, or ““gen-lock,”” similar sync
generator chips by connecting it to their Vertical
and Horizontal Reset inputs.

OUTPUTS

The generator supplies the following standard out-
put functions: Horizontal Drive Out, Vertical

‘Drive Out, Composite Blanking Out, Composite

Sync Out and the Color Burst Gate.

In addition, Field Index and Color Burst Sync
outputs are provided. The Field Index identifies
the odd field, or field one, by occurring for-two

'clock periods at the leading edge of Vertical Blank-

ing in that field. Thus, its rate is 30 Hz. As de-
'gen-lock”’
other sync generator ‘chips. '

The Color Burst Sync output signal occurs at half
the horizontal rate with the same timing as the
Color Burst Gate output. It may be used to sync
the color burst as it will have the same delay
characteristics as the other outputs (including, of

.course, the Color Burst Gate) — the color burst

sync is present during the vertical interval.

Differences in phasing between outputs are min-
imized by the use of identical push-pull output
buffers clocked by the internal clock.

typical peronrmance characteristics

Typical Igg vs Temperature

34 T
-\—BLOCK FREQUENCY = 2.04545 MHz
3z Ta=25°C
opw =235 ns
%0 \\ Vgs = 6.0V
.. 28 Vgg =12V
<
E
= %
Q
L
Fo] \\
22 NC
2 ™
18 L s s

-50 -25 0 25 50 75 100
AMBIENT TEMPERATURE (°C)

Typical |GG vs Power Supply
Voltage (Vgg ~ VgG)

[ CLOCK FREQUENCY - 2.04545 MHz
LU i PP .
[~ dpw = 235ns
| Vss =50V A 1l
| Voo =-12v /1D
2 |
E 2 T t
8 —+ !
1 1/ |
A |
P4
20 ¥ +
g |
16.15 7 s
Vs - Vog (V)
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MM5320

switching time waveforms (con’t)

MASTER
cLocK
INPUT
HORIZONTAL RESETS TO THIS POSITION
-9 Tp 2 0.0692H —
SERRATION GATE |
.k |~ FRONT PORCH = 3 T, =.0231H
57, = 0.0308H|
EQUALIZATION
GATE
0T, 20077
- HORIZONTAL SYNC
N 13 T4 = 0000 —— .1
HORIZONTAL DRIVE
P at e —— :I——_
- HORIZONTAL BLANKING .
| 5T, = .0086H [
) COLOR
BURST GATE
FIGURE 2. Horizontal Timing Master Clock = 2.04545 MHz
IS SO T R
: "| |" @ " 2500 g0 T UMM .
SERRATION GATE ~ HORIZONTAL RESETS TO THIS POSITION
|
6Tg > 0075H r._
[~ - FRONT PORCH 2 Tg ~ 0.025H
; 374~ 0.0375H
EQUALIZATION GATE
6Tg ~ 0.075H
‘\ HORIZONTAL SYNC
8Ta>04H
BACK PORCH -
HORIZONTAL i 1
. oRIVE ] 8Ta " OOTH .
14Tg > 0.175H
HORIZONTAL BLANKING .
COLOR BURST GATE l I ITe - 0.0375H -
FIGURE 3. Horizontal Timing Master Clock = 1.26 MHz
S, ,
*'1 l" Tigwn; * 0015 . 2H PERI0D
1] 12 18 2

l - VERTICAL BLANKING - I—

21H
T
M — == kL] - 3H
EQUALIZATION GATE
SERRATION GATE
kL
—
VERTICAL DRIVE & HORIZONTAL SYNC INHIBIT ) J"
. H
MASTER CLOCK PERIOD FIELD INDEX

(ONCE EACH ODD FIELD)

FIGURE 4. Vertical Timing
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switching time waveforms (con’t) -

0ZESWIN

MASTER CLOCK

)

Vss
Vs = 1V) ouTPUT
Vss - BV) )

Vs - 9V)

[pm——

RESETPULSE | RESET PULSE
WIDTH—

i
H

FIGURE 5.

typical application
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[
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DIVIDE

SELECT 9

|
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| _CLOCK INPUT
meo I M

_» EN'D— 4 “12v

LU

|

&
-
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o

r—+—
r——

l||—;[
°|
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video recorder applications. Required power supplies

and commercial temperature ranges are available. L]

TV Circuits

MM5321 TV camera sync generator

general description features

The MM5321 TV camera sync generator is a MOS, L]
P-channel enhancement mode, LS| chip designed to
supply the basic sync functions for either color or -
monochrome 525 line/60 Hz interlaced camera and

Multi-function gen lock input provides flexible con-
trol of multiple camera installations

16-lead dual-in-line package

® Conventional +5V,.-—12V power supplies

Uses 2.04545 MHz or 1.260 MHz input reference
® Field indexing provided for VTR applications

are +bV and --12V, or any other combination resulting . =&
in Vgs — 17V. All inputs and outputs are TTL compa-
tible without the use of external components. Military ) )
Color burst gate and sync allow stable color operation,

logic and connection diagrams

NanZﬂﬁTAL RESET .
CONTROL O

HORIZONTAL O

COLOR BURST
GATE OUT

. CB GATE!
LOGIC

CLOCK

wpuy O HORIZONTAL HORIZONTAL
DIVIOER 22 DRIVE OUT
(:65/+40)

COLOR BURST

DIVIDER o > |
CONTROL

HomizonTaL |

SYNCOUT

CECODING ‘

.
|

HORIZONTAL SYNC

TT

EQUALIZATION

SERRATIONS

COMPOSITE
SYNC

HORIZONTAL BLANKING

Logic

— |

FY Y YYET

COMPOSITE
SYNC OUT

A: COMPOSITE
COMPOSITE
VERTICAL VERTICAL BLANKING J Bll“l;'n':'c'““ BLANK 0UT
— »
RESET VERTICAL — VERTICAL DRIVE
CONTROL DIVIDER — VERTICAL YT
VERTICAL g (+525) —] oecoome EQUALIZATION GATIN
RESET — SERRATION GATING
—]
VERTICAL
ORIVE OUT
. l l FIELD
INDEX
Vss Ves N
Dual-In-Line Package
Vg =1 ~ 16 f== COMP SYNC OUTPUT
DIVIDER CONTROL —eed 2 15 J=e Hz DRIVE
CLOCK INPUT =—{ 3 14 f— COMP BLANKING

Hz RESET ===

VERT RESET ~=tf

VERTICAL RESET _|
CONTROL

HKORIZONTAL RESET __|
CONTROL

Vgs

4 13 f==COLOR BURST SYNC
5 12 = COLOR BURST GATE
11 p— VERT DRIVE
10 p== OPEN
8 9 == VERT INDEX ‘

TOP VIEW,

Order Number MM5321N

See Package 19
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absolute maximum ratings

LZESININ

Voltage at Any Pin Vgg +0.3 to Vgg — 22
Operating Temperature 0°C to +70°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

dc electrical characteristics
TA within operating temperature range Vgs = 6V 6%, VGG = —12V £6%, unless otherwise stated.

PARAMETER . CONDITIONS MIN MAX UNITS
Input Levels .
VIH Logical High Level } Vgs—1.5 Vgst0.3 \
ViL Logical Low Level Vgs—18 Vgs—4.2 \Y
tnput Leakage VIN = —10V, T = 25°C, 1 05 HA
" All Other Pins GND
Input Capacitance VIN =0V, f=1MHz, 6 pF

All Other Pins GND, {Note 1)

Clock input Leakage ‘ VIN = —~10V, Ta = 25°C, ‘ ' 0.5 ’ A
All Other Pins GND )

Clock Input Capacitance VIN=0V, f=1MHz, - ' 6 pF ﬂ

All Other Pins GND, (Note 1)

- Output Levels :
VOH Logical High Level ISOURCE = —0.5 mA 24 Vss \

VoL Logical Low Level ISINK = 1.6 mA o 0.4 v
MOS Load Vsg—12.5 Vss-9 \
fele] Power S;upply Current Ta= 25°C, Vgg=-12V, L 36 ) " mA

dpw = 235 ns, Vgg = 5V,
Input Clock Frequency =
2.04545 MHz

ac electrical characteristics
TA within operating temperature range V§s = 5V £5%, VGG = —12V £5%, unless otherwise stated.

PARAMETER CONDITIONS MIN MAX UNITS

dPW -Input Clock Pulse Width Input Clock Frequency = ' 190 280 . ns
: 2.04545 MHz, tr, otf = 20 ns :

Input Clock Frequency = 1.26 MHz, ‘ 300 570 ns
¢tr =¢tf=20ns

Horizontal Reset Pulse Width | Within 400 ns after the Falliﬁg Edge 500 890 ns
’ of Master Clock, (Figure 5)
Rise and Fall Time = 20 ns

tpd Output Propagation Delay : ]
VOoH Logical High Level Capacitance at the Outbut =15 pF ) 750 ns
VoL Logical Low Level (Figure 5) 750 ns

Note 1: Capacitance is guaranteed by periodic testing.




MM5321

functional description
EXTERNAL CONTROL LEVELS

Horizontal Reset occurs for Logic “0.”" This resets the
horizontal counter to a state shown in Figures 2 and 3.

Vertical Reset occurs for Logic “0.” This resets the
vertical counter to a state determined by reset control.
input as shown below:

1 VERTICAL RESET. PERMITS THE VERTICAL
CONTROL INPUT | COUNTER TO RESET TO THE:

ViH. (Vss) .Oth count
ViL (Vga! 11th count
HORIZONTAL RESET RESETS THE HORIZONTAL
CONTROL INPUT " DIVIDER TO:
ViH Beginning of line
ViL Center of line
. Logic 0" = VL

Logic “t" = V|H

Divide select input = Vj, (Vgg) for master clock

_frequency of 1.26 MHz.

Divide select input = V|H, (Vssg) for master cloc
frequency of 2.04545 MHz. :

INPUTS

The user may select either of two input clock frequencies
by properly programming the Divider Control pin. In
one case the input frequency is 2.04545 MHz, which is
14.31818 MHz divided by seven. The other is eighty

times the horizontal frequency, or 1.26 MHz. The

divider control will be programmed by connecting it to
VIH (Vss) and VL, (VGG) respectively. i

There are separate Vertical and Horizontal Reset inputs
which allow directly resetting the appropriate divider(s)

by a control pulse generated by external means. Both
horizontal and vertical dividers may be reset simultan-

typical performance characteristics

Typical Igg vs Temperature

I\-CLOCK FREQUENCY = 2.04545 MHz { .
32 Ta=25°C
¢pw =235 ns
» N L vgg=sv
- B N Vgg =12V
£ N
o B
-2
24
N
22 NG
N
2 I\
18 L L L

50 -25 0 25 50 75 100
AMBIENT TEMPERATURE (°C)

eously by connecting the Vertical and Horizontal Reset
pins together and driving them with the same reset
signal, Actual resetting of the vertical divider is to
either of two states, depending upon the state of the
Vertical Reset Control input; to zero, or to the fifth
vertical serration pulse (eleven 0.5H time intervals from
leading edge of Vertical Blanking). Refer to the reset
table. The horizontal divider will always be reset to a
position which is 8 input clock pulses from the leading
edge of the serration gate in the horizontal timing
scheme (Figures 2 and 3). The generator is reset to the
odd field (field one). The Field Index output pulse
occurs once each odd field at the leading edge of Vertical
Blanking. It can be used to reset, or “‘gen-lock,’ similar
sync generator chips by connecting it to their Vertical
and Horizontal Reset inputs. The Horizontal Reset
Control selects Horizontal Reset to the start or center
of aline.

OUTPUTS

The generator supplies the following standard output
functions: Horizontal Drive Out, Vertical Drive Out,
Composite Blanking Out, Composite Sync Out and the
Color Burst Gate.

In addition, Field Index and Color Burst Sync outputs
are provided. The Field Index identifies the odd field,
or field one, by occurring for two clock periods at the
leading edge of Vertical Blanking in that field. Thus, its
rate is 30 Hz. As described above, it can also be used to
““‘gen-lock” other sync generator chips.

The Color Burst Sync output signal occurs at half the
horizontal rate with the same timing as the Color Burst
Gate output. It may be used to sync the color burst as
it will have the same delay characteristics as the other
outputs (including, of course, the Color Burst Gate) —
the color burst sync is present during the vertical interval.

Differences in phasing between-outputs are minimized
by the use of identical push-pull output buffers clocked
by the internal clock.

Typical Igg vs Power Supply
Voltage (Vss — Vgg!

CLOCK FREQUENCY = 2.04545 MHz
R ﬁl
—¢pw =235 ns 74
|—Vgs =5V V. 1
|_Vgg =-12V Y !
< | I
E 1 t
o
© } .
Lt/ |
A I
TV T
2 4 +
] I
16 16.15 17 1785 18

Vg - Vgg (V)
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switching time waveforms

t=H

e
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COLOR BURST *5
we I PETTTTTTTETTTT [T
ow

COLOR BURST
SYNC o

—

VERTICAL *§ [T p— S——"T
DRIVE g
26254 !
FIELD +5 T
INDEX
o } 525H

COMPOSITE  +5 214 '
BLANKING { ]
o

—»{—vm—i—zu—l——zuﬁf—— ‘ A —»{——"m—{—au-—{——zu—{«—

EQUALI- SER- EQUALI- EQUALI- SER- EQUALI-
ZATIDN RATIUN ZATION ZATIDN RA'IOM ZATION

P Hl |||||| LT l T

FIGURE 1.

1 H
i"‘ Ta= Foamasmn, © 13 - 048
MASTER

CLOCK
INPUT
‘ HORIZONTAL RESETS T0 THIS POS N

8Tp>0.0620H -

SERRATION GATE
[=— FRONT PORCH = 3 T4 ~ 0.0231H

l =5 T4 > 0.0386H;

EQUALIZATION
GATE

1074200774 -

HORIZONTAL SYNC

13T 0.000H ——— V-I

HORIZONTAL DRIVE

e - e 22Tp 0169 ,,,_,,‘,1

HORIZONTAL BLANKING

——‘5 Ta 0.0386H[—

COLOR
BURST GATE

FIGURE 2. Horizontal Timing Master Clock = 2.04545 MHz
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MM5321

switching time waveforms (Continued)

0
1 W
BN ”’1 I" 8" Tzeowm: - g © 0T

SERRATION GATE AL RESETS TO THIS POSITION

6Tg = 0.005H

—= {=— FRONT PORCH 2 Tg =~ 0.025H

-3Tg > 0.0375H
EQUALIZATION GATE -

6Tg = 0.075H

HORIZONTAL SYNC

8Tp=0.4H - .

I Back poRCH

HORIZONTAL
DRIVE BTg=0015H f=—

[=—————147Tp = 0.375H

HORIZONTAL BLANKING N
COLOR BURST GATE *“___lj“sz‘ﬂm”"

FIGURE 3. Horizontal Timing Master Clock = 1.26 MHz

1 .
7’1 "‘ F5wHg - 005178 sec 2H PERIOD
[ ) 12 B, 4

M e e

| VERTICAL BLANKING I—

EQUALIZATION GATE

I SERRATION GATE

M i )
JE—
1 *__VERTICAL DRIVE & HORIZONTAL SYNE INHIBIT r
]
MASTER CLOCK PERIOD - FIELD INDEX . [
(ONCE EACH 0DD FIELD) : .
-~ N FIGURE 4. Vertical Timing

Display
Vss——y ) T
MASTER CLOCK
v '
tyom]
-]
Vss
Vg - 1V) ouTPuT
{Vss - 8V)
(Vg5 - 9V) 53
ettt

Vgg — .
RESET PULSE RESET PULSE .
PV, w1 V7=V
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FIGURE 5. . FIGURE 6. Horizontal Reset Characteristics




typical application
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MM5322

TV Circuits

MM5322 color bar generator chip

general description features

The MM5322 Color Bar Generator Chip is a complete = Battery operation

dot-bar a.nd color hue gen'eration sysFem'in a sing]e m Oscilloscope trigger
monolithic P-channel MOS integrated circuit. The chip . X
divides an internal oscillator {crystal controlled) fre- = Composite video output signal
qguency to provide the various timing, synchronization, = Crystal controlled oscillator
and \./ifieo infofmation required jn th.e alignment of color = Multiple scréen patterns
television receivers. A composite video output is pro- » Vari K

vided for complete black and white dot-bar operation. - Variable dot size

It consists of all synchronization, blanking, and video
information required for a fairly standard set of dot,
bar, and cross hatth screen patterns. In -addition a
separate output for precise gating of 3.56 MHz color
bursts is provided. For servicing ease an oscilloscope
trigger is provided on either the horizontal blanking or
vertical synchronization time slots.

applications

® Battery or bench powered test instrum
®  Manufacturing test sets
® Built in test capability

ents

typical application

Typical Color Bar Generator Circuit

SW7  “poWER” INDICATOR
POWER  \ |,
v OSCILLOSCOPE
TRIGGER vt
LED = NSL5023 0UTPUT
(NOTE 4)
> 9V BATTERIES w1 1+
(NOTE 1 <[ I —— 5uF
' ) < 10 |
O— V" < w2 —
I NC -
129F | 62 pF
_-_E | 71 16 15 2 13 |
= 1 i ).
PSAZ0 = > | =
- 3 :;l;i 5 hezz2 mS "
0.0054F o LwoTES, sco S 3 3BkH:
10pF | toe " ' I 62 pF
14 —t m @ @ e
NPD —_ ﬁ"p;F | cos—q 1 14 5§ 1 12 .|
(NOTE 3) = . San !
g ‘ T L
bl =
b 0.0015F a7 pF b g .
1 “’::A' SW3 - patTERN
L THRU SevecToRS
<L v Q.9 Swe
3563795 MHz [ Sk
<
1 C y 100
= —AM—Q 15V
Alternative Resonator | 3]
CPN13 O o "{
r——1+—A L oer vl |
: | | | | :: 3
. o = : 15pF 05 My 9
1,61 ] | L 5 T 0.001 4F
N ' MODULATION lq
l l < LEVEL
b : a3
L 30237 SeF s
PIN 12
> 1. 4
. RF . S
: TOKO RMC-2A7287HM 75pF (39) OUT 1 220pF b
(455 kHz TRANSFORMER) I T roa 4 9

Note 1: SW 1 should be ““ON'’ only for color patterns. __L
Note 2: Do not substitute Q2. - -
Note 3: Variable cap may be used to trim color crystal to exact frequency.

Note 4: SW 2 and 10k resistor on pins 16 and 1 are needed only if scope trigger pulse is desired.
Note 5: SW 2 selects “H’' or V' trigger output pulses.

Note 6: A 27k resistor in series with a 100k trimpot may be used in place of 82k resistor for variable vertical line width.
Note 7: Modulation level adjusted for best patterns as viewed on TV screen.

418




absolute maximum ratings

Voltage at Any Pin Vgs+0.3V to Vgg—25V
Operating Temperatures -25°C 10 +75°C
Storage Temperature —65°C to +150°C
Lead Temperatures (Soldering, 10 seconds) 300°C

electrical characteristics T, within operating range, Vgg = +12 to +19V, Vg = 0V

PARAMETER CONDITIONS MIN TYP MAX . UNITS
Power Supply Voltage (Vgg) 12 19 \
Clock Input Frequency Crystal or External 378 kHz
OSC 1and 2 Drive (Note 1)
Clock Input Levels For External Drive (Note 1)
Logical High ) Vgs—2 N Vgs10.3 Y
Logical Low Vea . Vggt2 v
Control Inputs Internal Resistor
BCD and Trigger To Vgg, TM © Min. .
Logical High (Note 2) Vss—2 Vgs10.3 \
Logical Low Vaa Vggt2 \
Control Qutput Currents
Cog and Cog
Logical High Vgs — 2.0V 2.5 mA
Logical Low Vgg — Vga/2 (Note 3) 0.25 : . mA
Trigger and Z
Logical High With 10k to Vgg, . 0.5 mA
Vgg + 5.0V (Note 4) '
Logical High With 1k to Vgg, 1.0 mA

Vgg + 1 (Note 4)
Video Output
Analog Highs With 2k to Vg (Note 5) 2.0t04.0 mA

Power Supply Current Ta =25°C, Freq = 378 kHz, 30 mA
VGG =0V, VSS =+19V

Note 1: The oscillator may be operated with external components to oscillate at 378 kHz or it may be driven by an external pulse source using
OSC 2 (Pin 13) as an input.

Note 2: These inputs are driven by switches.

Note 3: The color gate outputs are push-pull buffers,

Note 4: The trigger output and Z output are open drain outputs and require a resistor to Vg for operation. Two possible resistor values are shown
with their associated voltage and current levels.

Note 5: The video output requires a resistor to Vg for operation. This resistor must be trimmed externally to achieve the desired output levels.
The minimum voltage swing is 4.0 volts with a 10% change with temperature and from unit to unit. The percentage magnitude change with supply
voltage can approach one. < B

composite video output

25 - 32.5%

Vv,
400 +75 ns 3.6-17.2% e
. |~-— 150 ns .
150 ns | Vatank -

Varack Vo]
BLACK

Vwmire

Vwwite

FIGURE 1. White Dot Video Information Pulse Width FIGURE 2. Composite Video Voltage Percentages
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MM5322

composite video output (con’t) : ,

150 ns
MAX

—

VeLack

250 ns

MAX

1.26984us _ | |
Vsvyne MIN

VeLank

150 ns
MAX

2505 250 ns |_250 ns
MAX MAX =T max

| S15.07936u |
+0.6547
! 22 asstsus i

e B 11.4285605 MAX |

Ve Note: Line time equals 63.492u5 with oscillator at exactly 378 kHz.
"FIGURE 3. Composite Video Rise and Fall Times ) FIGURE 4. Composite Video Pulse Timing, Horizontal Sync
S
By By
255.23784us MAX { :
=191 785640 MIN 190.476 ¢ 1.90476us —————smr
’ 500us )
?v 1.396828 ms & %t oo
Note: Frame frequency equals 60.114665 Hz. !
FIGURE 5. Composite Video Pulse Timing, Vertical Sync
VERT
VIDEQ 0UT Syne
HORIZONTAL SYNC
TRIGGER
oUTPUT
—=| |~=— HORZTSYNC
N
0.2us
min -
HORZT
: . BLANKING
to6 !
TRIGGER
02us . * QUTPUT
max o
26 +0.1s |
FIGURE 6. Color Gate Signal Timing FIGURE 7. Trigger Output Timing Relationship
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video output patterns

15 Horizontal Lines
0000

GATED RAINBOW
38ans

Gated Rainbow
0011

Dots 7 x 11
0110

Single Vertical Line

21 Vertical Lines
0001

Dots 15 x 21
0100

Single Dot )
0111

7 x 11 Cross Hatch

15 x 21 Cross Hatch
0010

DARK
RASTER

Note: Patiera switch codes are BCD 1248 positive lopee.

Purity
0101

GATED RAINBOW
10 BARS

Gated Rainbow
1000

Single Crosshair

1001 1010 1011
RAINEOW.
Single Horizontal Line 7 Horizontal Lines 11 Vertical Lines Ungated Rainbow
1100 1101 ' 1110 1111

CZESININ




MM5322

connection diagram

‘Dual-In-Line Package

TRIGGER _} |
ouT

Vgg
3

BCD 1 =—
aq
BCD 2 —
5

BCD 4 —

6
BCD 8 —1

DIFF 2

8
DIFF 1 —f

U 116 TRIGGER

TOP VIEW

SELECT

-‘-Ii Z0uT

14
fe V6
i 0sC 2

12 osc1
'L coc
18"
— ©0G

g COMP
— VIDEO

ouT

Note. ZoyT is an internal counter test point.

Order Number MM5322N

See Package 19




TV Circuits

MM5840 TV channel number (16 cha_nnels) and time display circuit

general description

" The MM5840 TV Channel Number and Time Display
Chip is a monolithic metal gate CMOS integrated circuit
which generates a display of channel numbers (up to
16 channels) and time readouts on the television screen.

By external connection, it has the option of displaying
the channel number only while switching channels with
a period controlled by the external RC time constant of
a timeout monostable,

This chip includes ali the logic required to provide two
modes of operation, namely channel number, or channel
number and time display.

In addition, it can have a five (hour tens, hour units,
colon, minute tens, and minute units) or eight digit
(hour tens, hour units, colon, minute tens, minute units,
colon, second tens, and second units) display, depending
on the digit select input logic level.

By employing the video gating input together with the
video output, a symmetrical blanked rectangular frame
around the display may be generated on the TV screen.

This chip serves as a display generator with BCD channel
inputs, as provided from the clock chips MM5318,
MM53100 or MM53105. The position of the display
+ on the TV screen can be controlled by adjusting external
RC time constants.

functional description

The channel number and time readout circuit operates
with a 2 to 4.5 MHz input clock. Counters are incorpor-
ated in the chip, operated by the input clock to keep
track of the time slots of the display.

The position of the display is controlled by adjusting the
external RC time constants of the horizontal and vertical
monostable multivibrators.

A 7-segment decoder is used to decode either channel
inputs or time which is stored temporarily in the channel
number buffers or 4-bit latches, respectively, depending
on the time slot of the display. Each digit of time is
stored in a 4-bit latch while it is being decoded and
displayed, and the next digit enters the latch while the
horizontal sweep is between digits.

A time slot decoder is employed to decode the appro-
priate time slot and the digit to be displayed. It
generates a video output signal that modulates the sweep
of the television tube for the display on the screen.

features

12 or 24-hour operation (controlled by clock chip)
5 or 8-digit display -

Channel number leading zero blanking

Single power supply

Channel number only or channel number and time
display

m Video gating output for generating a symmetrical
blanked rectangular frame around the display

m QOscillator inhibit output .
®  Channel number display only while switching channels

® 4-bit binary plus one code for channel numbers

functions

m 8-digit mode is selected by a logic “’1'" at digit select
input

® Channel number and time mode is selected by a logic
1" at mode input

m Permanent channel number display is selected by a
logic ““1"" at timeout monostable input .

connection diagram

TIMECUT (BINARY +1)

Dual-In-Line Package
CHANNEL UNITS

VIDEQ

. MONQ. ————A———
NC NG STABLE() (@ (2 (0 PRv Cv verT HORIZ CH  Ru our -

Izn In Tzs |zs lza |z: |zz |z1 lzn ||s Iw In ||s ||s

Order Number MM5840N
See Package 23

INH
TIME

Iz I: |4 |s Is |7 |a In Iw In Iu IIJ lm

0SC vgg (1) @) (2 (8 DIGIT 0z

DY DX MODE VIDEO § Vpg
GATING MHz

N ——t
DIGIT ADDRESS CLK
TOP VIEW

OV8SWNIN
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absolute maximum ratings

Supply Voltage (Vpp — Vss)
Voltage at Any Pin

Operating Temperature
Storage Temperature

Lead Temperature {Soldering, 10 secor)ds) :

—0.3V to +15V
VSS —0.3V to VDD + 0.3V
0°Cto +70°C

' —55°C to +150°C
300°C

electrical characteristics vpp =12V, Vg = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage ’

VDD : Vgg =0 1 12 14 \
Power Supply Current ' 800 uA
Input Voltage Levels

Time, Oscillator, Digit

Select, and Mode Inputs ’ )

Logical Low - Vgs—0.3 Vss Vss+0.9 \Y
Logical High Vpp-0.5 VDD Vppt+0.3 v

Channel Inputs .

" Logical Low Vgs—0.3 Vpp-5 VpD—4.5 v
Logical High Vpp—0.5 VDD Vpp+0.3 \

Horizontal and Vertical Inputs '

Logical Low Vgs—0.3 Vpp-5 Vpp—4.5 \
Logical High ) Vpp-0.5 VDD Vpp+0.3 \
Input Frequency Interfaciﬁg with MM53100, MM53105 2 45 MHz

QOscillator Interfacing with MM5318 2 4.5 MHz

Horizontal Pulse Width = 14 us 15.75 " kHz
" Vertical Pulse Width = 1 ms 60 Hz
Output Voltage Levels ‘

Video Gating, Osc. Inhibit

Digit Address and Video Outputs

Logical Low Vgs—0.3 Vss Vgst0.9 A"
Logical High Vpp-0.5 VDD Vpp+0.3 \
One-Shot Ougput Pulse Duration '

Horizontal ’ 15 50 us

Vertical 1.5 13 ms
Output Drive

Video Output :

Logical Low Vss+ 1V -1l mA
Logical High Vpp -1V 1 mA

Video Gating and Osc.

Inhibit Outputs .

Logical Low : - Output Forced Up to Vpp — 4.5 -2l mA
Logical High Vpp — 1V . 0.2 mA
External RC

CVERTICAL 0.1° uF

CHORIZONTAL 0.001 uF

RVERTICAL 50 k2

RHORIZONTAL 100 k2

CTIMEOUT 5 uF .

RTIMEOUT 1 MQ
Propagation Delay

Video Gating and Osc. From Input Clock to Oscillator 2 clock

Inhibit Outputs Inhibit or Video Gating Outputs pulses
Input Leakage 1 uA
Input Capacitance 5 oF
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block diagram

Ov8SIIN

TIMEQUT
MONOSTABLE
HORIZONTAL | VERTICAL (EXTERNAL RC
PULSE PULSE CHANNEL ORTOVpp) TIME
R R
" HORIZONTAL vo VERTICAL P a8
t ONESHOT & ONESHOT gUFrEns LATCH
l b4 l ‘ ‘
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truth table

Digit Address (DX, DY, DZ) Codes

DURING DIGITS
CODES RESET |1 2 3 4 5 6 7 8
DX 1 6 0 1 1 0 0 t 1
DY 1 10 0 0.0 1t 1.1
DZ 1 11 1 0 0 0 0 1

timing diagram

With Video Gating, Output Gated with Video Output

16.7'ms

VERTICAL
RETRACE

|
VERTICAL ADJUSTABLE
. TIME OUT
|
!

HORLZ.
RETRACE

63.5u8

'_lil_

L
v
L

HORIZ. TIME uﬂDJUSTABLE
our

4-25



MM5840

typical applications

Horizontal and Vertical One-Shot Circuit

PORTION ON.CHIP
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typical applications (Continued)

TV Channel and Time Display Interfacing MM53100
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Note. For interfacing with MM53105, refer to MM53105 specifications.

427

OV8SININ




MM5841

TV Cir‘cuits'

MM5841 TV. channel number and time readout circuit

general description

The MM5841 TV Channel Number and Time Readout
Circuit is a monolithic metal gate CMOS integrated
circuit, which generates a display of channel number
and time readouts on the television screen.

© This chip includes all the logic required to prdvjde two

modes of operation, namely channel number, or channel
number and time displays.

In addition, it can have a five (hour tens, hour units,
colon, minute -tens, and minute units) or eight-digit
(hour tens, hour units, colon, minute tens, minute units,
colon, second tens, and second units) display, depending
on the digit select input logic level.

This chip serves as a- display, generator between the
BCD channel ‘inputs, the clock chip (MM5318) and the
television set. The position of the display on the TV
screen can be controlled by adjusting the external RC
time constants.

functional description

The channel number and time readout circuit operates
with a 4 MHz input clock. Counters are incorporated in
the chip, opérated by the input clock to keep track of
the time slots of the display.

The' position of the display is controlied by adjusting the

external RC time constants of the horizontal and.

vertical monostable multivibrators.

A 7-segment decoder is used to decode either channel
inputs or time which is stored temporarily in the channel
number buffers or 4 bit latches, respectively, depending
on the time slot of the display. Each digit of time is
stored .in a 4-bit latch while it is being decoded and .
displayed, and the next digit enters the latch while the
horizontal sweep is between digits. .

A time slot decoder is employed to decode the appro-
priate time slot and the digit to be displayed. It
generates a video output signal that modulates the sweep
of the television tube for the display on the screen.

features

~m 12 or 24 hour operation (controlled by clock chip)

®m 5 or 8 digit display

B Channel number leading zero blanking

= Single power supply

® Channel number only or channel number and time
display

functions

m 8 digit mode is selected by a logic ““1’’ at digit seléct
input

M Channel number and time mode is selected by a
logic "“1"” at mode input

connection diagram

Dual-in-Line Package

CHANNEL TENS

CHANNEL UNITS

@ @ w ® @ @

VIDEQ

Ry Cy "VERT HORIZ Cu * Ru QUT

2 In Izs |zs |z4 |z: Izz |z1 |zn Iw Iva

17|16 ||5

I1 Iz ,|3 I4 Is !s |1 Ia Ig Im |n Iiz |1J Im

CH Vgs (1) (4 {2 (8 DIGIT DZ DY DX MODE 0SC 5MHz Vpo
TENS / SELECT “——\ INHIB CLK
(8) TIME DIGIT ADDRESS

TOP VIEW

Order Number MM5841N

See Package 23




absolute maximum ratings
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Supply Voltage (Vpp — Vss) —0.3V to +15V
Voltage at Any Pin Vgs — 0.3V to Vpp +0.3V
Operating Temperature 0°C to +70°C
Storage Temperature -55°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
Vop = 12V, Vgs = 0V, unless otherwise specified.

PARAMETER CONDITIONS ) MIN TYP MAX UNITS
Power Supply Voltage .
Voo Vgs =0 : 1 12 14 \
Power Supply Current ) 800 MA !

Input Voltage Levels
Time, Oscillator, Digit Select,
and Mode Inputs

" Logical Low . Vgs—0.3 Vss Vgs+0.9 \
Logical High : ) S Vpp~0.5 Voo Vpp+0.3 \
Channel Inputs
Logical Low Vgs—0.3 Voo~ Vpp=4.5 - \
Logical High . . Vpp—0.5 Voo Vpp+0.3 \
Horizontal and Vertical Inputs . :
Logical Low Vgs0.3 Vpp~5 Vpp—4.5 . \%
Logical High Vpp—0.5 Vbp Vpp+0.3 \
Input Frequency
Oscillator ) ) 1 4 4.5 MHz
Horizontal Pulse Width = 14us 15.75, . kHz
Vertical Pulse Width = 1 ms ) 60 Hz

O