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SZNERAL DESCRIPTION — The FCM7001, FCM7002, FCM7003 and FCM7004 are
versatile MOS/LSI Digital Clock/Calendar Circuits. Decoded 7-segment outputs or
BCD cuiputs are available.

FCIM7001/7004 FOR LED DISPLAYS

FCM7002 FOR BCD QUTPUT

FCM7003 FOR GAS DISCHARGE DISPLAYS
4-YEAR CALENDAR (FCM7004 IS EUROPEAN FORMAT)
12,24 HOUR CLOCK

24-HOUR ALARM CYCLE

4,6 DIGIT DISPLAY

ON-CHIP BACK-UP OSCILLATOR

CLOCK RADIO FEATURES

SIMPLE SETTING OF ALL REGISTERS

OUTPUTS MAY BE WIRED-OR TO SHARE DISPLAY
2-HOUR, 52-MINUTE TIMER

10-MINUTE DOZE

LOW VOLTAGE INDICATION

50,60 Hz OPERATION

DO I OO DO 2P0

PIN NAMES ;
D1 — Dg Digit Outputs
Sa - Sg Segment Outputs (FCM7001, FCM7003, FCM7004}
IN1 — IN3 Setting and Control Inputs
Radio Qutput  Active HIGH dc Qutput
Alarm Output  Active HIGH de Output

cp 80/60 Hz Sine Wave Input

Display Enable  Active HIGH Input

Qp— Q3 Active HIGH BCD Cutputs (FCM?@OZ)

Time Data Qutputs other than Time of Day, Active HIGH (FCM7002)
DS Data Strobe, Active LOW Output (FCM7002)

OSCIN External Timebase Input

0sC ouT Oscillator Feedback Qutput

{BSOLUTE MAXIMUM RATINGS (above which the usefu! life may be impaired)

Voltage on any pin relative to Vgg {Except S 1o Sg T +H03Vte—-20V
1 Hz Sq. Wave, D1 to Dg, AM, PM)
Voltage on 53 to Sg, 1 Hz Sg. Wave, D1 to Dg,
AM, PM relative to Vgg
Operating Temperature {Ambient) ' ’ : 0°C to 70°C
' Storage Temperaturs (Ambient) ... .. —853C 1o 150°C

03 VtoVpp 25V

T1377 Fawchid Camera and instrument Corporation Printed in U.S.A.
Manuifactured under one or more of the following U.§, Patents; 2981877, 3G15048, 3025589, 3064167, 3108359, 3117280; othar satents pending.
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' TYPICAL SYSTEM BLOCK DIAGRAMS

1 D240 0O os;
PN q Og
GONTHOL 5
NAUT N2 o5
SWITEH
MATRIX 3 24
03
Rp [*]
2 2
O5C out o
0SCIN
T 2
= Sb — —_— —_—
Vss SC l * | I I * l
Sg
Se
54 L) I l [ J I
fy —
Yoo 2 1 Hz SQUARE WavE
K POWER vss f fd J_ |
- SUpPLY < am ?_
5V 1
53 50 Hr M
RM
ALAAM OUT
FCM7003 HAS INVEATED SEGMENT SUTPUTS
I AADID ’
RADIO OuT
-
r
1
D‘!EDZ D= A D, 051 -
1Ny Og
CONTROL
NPUT g 05
SWITCH ™
MATRIK 3 Dg
D3
Roy 0z
. ascour), Dy
05C IN
CDI Qp -
= ay
vss a2
.l DATA ENTRY
’ TIME SYSTEM -
N/C
JRI— VDo

15V

S0 500 a2 W

MOWER V§5

1 Hx SQUARE WAVE
LA

SUPLY o

2w 1

o

L.

ALARM

ALAKM QUT

AADIO
RASHI QuUT | 0. o

FCMT00Z HAS BCO SEGMENT QUTRYTS

FAIRCHILD » FCM7001 » FCM7002 » FCM7003 » FCM7004

]




FAIRCHILD s FCM7001 » FCM7002 s FCM7003 » FCM7004

FUNCTIONAL DESCRIPTION — The FCM7001 through FCM7C04 accommodates either four or six 7-segment displays.
The outputs may be wired OR to share the display with other logic devices or blanked through use of the Dispiay-Enable pin.
The circuits incorporate a backup oscillator to maintain timing in the absence of the line frequency.

CLOCK: 12-hour display with AM/PM indication or 24-hour display is user selectable. The FCM7001 and FCM7G04 have
7-segment decoded outputs suitable for driving LEDs with 75431A segment drivers and 75492 digit drivers. The FCM7003
has active LOW 7-segment decoded outputs which withstands + .3 V to Vi — 25 V, making it suitable for driving Gas dis-
charge displays. The FCM7002 has BCD segment output information for interface in industrial timer applications, Con-
tinuous clock, continuous calendar, or aiternating display is user sefectabie. A 24-hour alarm cycle with a 10-minute doze
feature is provided. A programmable timer with 9-hour, 53-minute capacity allows "'sleep to music” and/or "wake to
music”’ for the preset period in clock radio configuration,

CALENDAR: Afour year calendar which displays month and date is included. The FCM7004 is identical ta the FCM7001 with
the exception that calendar data is presented in European farmat, Le.. day, month, e.g.. 27 07 for July 27.

SETTING: The register to be set is selected by the set clock/alarm/calendar/sleep timer inputs, which cause the con-
tents of the applicable register to appear at the display outputs. The digits to be set ars selected by the set hours/minutes
inputs. When the setting input is activated the selected digits are advanced at a 1 Hz rate. Contents of unselected registers
and digits are not disturbed by the setting operation. The seconds counter is reset to zero when the set clock and the set
minutes inputs are activated. When set clock is deactivated, the seconds counters resume counting at a 1 Hz rate.

BCD OUTPUTS: Data is encoded per Table A. Pin 18 is HIGH at digit 6 time when data other than time of day is being dis-
piayed.

TABLE A DECODING OF SEGMENT DRIVER QUTPUTS

FCM7001,/FCM7003/FCM7004 FCM7002
Q3 Q2 Qi Qg DATA
Sa a a o o a
0 o o 1 1
Sf/ /55 o a9 1 0 2
3g o o 1 3
o 1 0o 0 4
Se/ ) /Sc o 1 0 1 5
i R T 8
Sq [¢] 1 1 1 7
10 0 0 8
1o o 1 $
ELECTRICAL CHARACTERISTICS: Tp = 25°C, Voitages are referenced o Vg =0 V
CHARACTERISTIC MIN MAX UNITS NOTES
VpD. Supply Voliage —17.0 =10.0 3%
IDD. Supply Current at —10.0 v 10 mA
INPUTS: IN7, IN3, INg
ViN 17 levet o : -5.0 +0.3 v 3
Vin "0 level ' _ Vpp +0.5 v
CP, GSC IN, Display Enable - i
Vin 17 level o -1.0 +0.3 A
VIN “0” level’ Vpp +0.5 ' \'s .
All lnputs at Viy=—17 V 25 LA 2.4
OUTPUTS: Radio Qut, Alarm Qut - .
lout 1" level at Voyut = —1.0 V 05 mA 1
lout "0 level at VoyTt = VDo - 25 A i
D1 to Dg: Sa to Sg;-t Hz Sq.-Wave, AM, PM - - _
Syt 1 level at VouT = —4.0 et - 50 . mA: 1
lour "1 level atVour=—1.0V " T 10 mA-
louT "0 level at VouT=-350V 25 A
0SC Out R R,
oyt "1 level at Vo =—1.0:V 0.4 mA
lguT "0 level at Vgt = Vop + 1.0V 40.0 A

MNOTES:

i Open Drain Output — exterral pull-down resistors to Vpop required,

2. Voltage swing on CP should be Vgg —~ 1 V min. to Vi ~ 8 = 4 V, with a max of —20 Y. rot 10 be excesded.
3. Oninputs iNy, INa, IN3, an internal 125 kO (typ) resistor to Vppo is provided.

4 Vpp=~17Vand Vgg =0V
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DIGITAL CLOCK/CALENDAR CIRCUITS

DISPLAYS

The FCM7001 accommedataes either four or six standard 7-segment displays. The circuit direct drives fluorescent com-
mon-anode display tubes {see Figure 1). The FCM7001 can also be used to drive commeon-cathode LEDs. When the display-
Enabie input (pin 22) is connected to Vpp. the segment, digit, AM/PM, and 1 Hz outputs float {open drain) and the IN1,
IN2 and IN3 conditioning and setting inpuis are disabied. This allows circuit segment and digit outputs to be wired-

OR to share a common display with another chip, such as a calcutator.

FCM7001 FLUORESCENT DISPLAY INTERFACE
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NOTE: All resistors are 1/4 W in ohms.
All capacitor vaiues are in microfarads.

Fig. 1
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DIGITAL CLOCK/CALENDAR CIRCUITS (Cont'd)

DHSPLAY QUTPUTS AND OPTIONS

Outputs. The display outputs consist of 7-segment outputs S, through Sg (Qp through Q3 for the BCD owutput segment
information on the FCM7002) multiplexed by six digit-timing outputs D through Dg. The segment and digit outputs are
active HIGH on FCM7001, FCM7002 and FCM7004. The FCM7003 digit outputs are also active HIGH, however the seg-

ment outputs are active LOW. This gives the necassary segment inversion for operation of Gas discharge type displays {see
Figure 2).

FCM7003 SPERRY INTERFACE
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Fig. 2
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DIGITAL CLOCK/CALENDAR CIRCUITS (Cont'd}
Options. There are three normal display options. Refer to scanned input options Table B and Figure 3.

1. With no connection between IN3 and D3 or Dg, the display presents time in bours and minutes during units seconds
{Dg) counts "0 through ~'7". During units seconds counts "8 and 8", the display will present the month and
date. :

2. Connecting IN3 and Dg causes the calendar to be dispiayed continucusly.

3. Connecting IN3 and D3 causes the clock to be displayed continuously. Both AM and PM are active only during the
clock and alarm (12-hour display} display presentations. See Figure 4 for FCM7002 TIME (pin 18] output conditions

during other than clock display.

TABLE B

SCANNED INPUT OPTIONS

INPUT PIN SCAN TIME INPUT NAME DEFINITION, CONNECTION DEFINITION, NO CONNECTION
1N D Set Advance Selected Counter Advance Selected Counter Disabled
1N Do Set Hour/Minute Select Set Hour or Month Digits Select Set Minute or Bay Digits
INq O3 Clock Radio Switch Clack Radio Switch — On Clock Radio Switch — Off
N1 D4 Mode A Mode A ~ Off Mode A — On
Ny Dy Mode B Mode 8 — On Made B — Gff
IN§ Dg 50/60 Hz 50 Hz Input 60 Hz Input
N9 D Set Calendar Set Calendar Counter Set Calendar Disabled
N2 (5] Set Clock Set Clock Counter Set Clock Counter Disabied
INZ 03 Set Alarm Set Afarm Counter Set Alarm Counter Disabied
N2 Dg Set Clock Radio Set Clock Radio Counter Set Clock Radio Counter Disabled
Ny Dg Doze Switch Doze Switch — On Doze Switch ~ Off
IN3 Dy - Alarm Switch Alarm Switch — On Alarm Switch — Off
IN3 Dg 12/24 Hour 24-Hour Operation 12-Heur Operation
INg D3 c1 View Clock Alternating Display Mode
INg Da c2 View Calendar Alternating Display Mode
NOTE:

For FCMT7004, Ny connectad to Do selects set hour or date digns.
INy not connectad to D7 seiects set minutes or month digits.

' SCANNING INPUT CONMECTION SCHEME

B
- SET SLEEP N
I O/FIUN

S M

Ce L SLEEP TIMER
; N/C
INY Sy D3 i :
. : S SET CLOCK | 4
Dy e > % =
SET HR/MON | SETCALENDAR |, °
02 SET ° N
T MIN/DAY .
SEO// S LA Ny ALARM LA
¢ < =01 L N
A ~np 1 ~
6 © BDg
50 Hz SELECT - 1Y 7 SNOOZE N .
o ¢ i4
o 4 )
____ALARMON 1Y !
- A Sy
24 HOUR SELECT 1™ . N
S et
ALTERNATE e
o /" crock A L T
4 >~D
e TN 3
NDAR
| CALENDAR| ) q be
Lo ]
Fig. 3

NOTE: Depending on the functions utilized and the physical canfiguration of the switches in the clack systam.
it may be necessary to use dicdes in the digit scan fines to the conditioning nputs. The digdes prevent
shorting between digits when multipie digit times are cqnnected to the same input simuftaneously.
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DIGITAL CLOCK/CALENDAR CIRCUITS (Cont'd)

BCD QUTPUT TIMING 100.8 kHz OSCILLATOR FREQ. {FCM7002 Only}

or ] | [ 1
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3975 —m] w—wl-119 s

o5 S I
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DATA STROBE u i I i l

Qg - Qg ] L_ ;
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Fig. 4

DIGIT TEIMING 100.8 kHz OSCILLATOR FREQ.
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DIGITAL CLOCK/CALENDAR CIRCUITS (Cont'd)

Clock Options. The two 24-hour options are;

1. 12 hours with AM or PM (01:00 00 to 12:59 59).
2. 24 hours {00:00 OC to 23:59 59),

These options are selected with the 12/24 hour conditioning input. For the 24-hour option, IN3 is connectad with a diode
to Dp. See Figure 3 and Tabie B, The FCM7001, FCM7002, FCM7003 and FCM7004 clock displays hours, minutes and
seconds. To eccnomize display costs, only hours and minutes (month and date) display elements may be used. See Figura 7,

FCM?OO1/FCM7003/FCM7DO4 CIRCUIT BLOCK DIAGRAM
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Four Year Calendar. The calendar displays month and date: The date counter counts the correct number of days for each
month. The normal count for February is 28 days. February 29 must be manually set. The calendar automaticaily courts
fram February 29 to March 1. Refer to digit multiplexing Tabte C for calendar information gresentation on the display.
FCM7004 is efectrically identical to FCM7001 except that the calendar information for the FCM7004 is European format.

Fig. 7

The months and date for the FCM?OO4_are reversed in the calendar column of digit multipiexing Tabie C.

Alarm. The alarm is a true 24-hour alarm. To enable the alarm, connect a diode between IN3 and D1, see Figure 3 and Table
B. The alarm out [pin 3} goes HIGH when the time is coincident with the preset alarm time register. To terminate the alarm

the IN3 to D1 connection must be opened for approximately one minute beyond alarm time.

Doze Alarm. When alarm out (pin 3) is HIGH, the 10-minute doze alarm feature may be activated. This is accomplished by
momentarily connecting IN2 to Dg. The doze alarm feature may be activated as many times as desired until the alarm outis

disabled by opening the IN3 t¢ D1 connection.
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DIGITAL CLOCK/CALENDAR CIRCUITS (Cont'd)

Cloch Radio Options. There is a 9-hour and 59-minutes counter, settable in 1-minute increments, that is associated with
the alarm and clock radio logic. This counter can be used to turn on the clock radio for the preset period of time. |f the
FMC7001 is not used in a clock radio application, this counter can be used as an auxiliary appliance timer or for any other
timing operation. Refer to Table B and Figure 3.

Clock Radio Qutputs

A. The Radio-Out output {pin 2) wili go HIGH for the preset timer setting period by closing the clock radio switch and can
be terminated prematurely by opening the clock radio switch. Mode A and Mode B inputs must be off for this condition.
See Table D.

B. Radio-Out will go HIGH for the preset time period and also go MIGH at the alarm time. This condition is initiated by
closing the clock radio switch and having Mode A input on and Mode B input off,

C. The Radia-Out will be HIGH for the preset time starting at the alarm time if the clock radio switch is closed and Mode A
and Mode B inputs are on. See Table [,

Setting Counters. There are four independently settable counters: clock, calendar, atarm and clock radio. First, seiect the
counter to be set {see Table B and Figure 3). This results in the display showing the contants of the selected register, The
digits to be set, either hours/months or minutes/date, are selected with the set hour/minute conditioning inputs {for
FCM7004, the digits set are either hours/date or minutes/month}.

Connecting IN1 to 01 and D2 with diodes selects and advances the hour/month digits at 1 Hz rate. Connecting onily 1N
to D1 with a diode seiects and advances the minute/data digits at a 1 Hz rate.

The contents of the seconds counter are frozen when the clock register is selected for setting. Resetting of the seconds coun-
ter to "00" occurs when the clock register is selected for setting and either hours or minutes are advanced. The saconds
counter begins counting when the chip is released from set clock.

TABLE C
DIGIT MULTIPLEXING

DIGIT TIME TIME CALENDAR DIGIT TIME TIME CALENDAR
Dy ~Fin8 . 10 Hours 10 Months D4 — Pin 11 1 Minute 1 Date

Dz -~ Pin 9 1 Hour - 1 Month Dg — Pin 12 10 Seconds

D3 — Pin 10 10 Minutes 10 Date - Dg - Pin 7 1 Second

NQOTE: For FCM7004 months and date are reversed in the calendar column.

TABLE D
Clock/Radio
Mode A Switch Radio-Out, Pin 2
IN7 = Dg INy=D3 - HIGH for preset timer setting
A
INt = Dg + INt # D3 Terminates Radio-Out prematurely
A ] _ . HiGH for preset timer setting and
8 Ny 7 Dt S INt =03 HIGH at atarm time
. . o HIGH far preset timer time starting
g = by =
C iNg # Da . INy=Dg N1 = D3 at alarm time
NGTE: "="" Signifies connection required.

“#” signifies no connection.
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DIGITAL CLOCK/CALENDAR CIRCUITS (Cont'd)

On-Chip Display Oscillator. The on-chip display oscillator drives the display multiplexing signals. Resistar Hm.and C1
must be connected 1o pin 25 and pin 26 as shown in Figure 1. Suggested values for Ry4 and C1 are 20 k&2 and 56 pF, res-
pectively, Without these compeonents the circuit will not operate.

Line Operation. The circuits can operate from either a 50 Hz or 60 Hz time base. Connecting a diode between IN1 and Dg
allows the circuit to operate from a 50 Hz clock at the clock input (pin 23), while leaving the IN{—Dg connection copen
causes 60 Hz clock operation (Table 8 and Figure 3).

On-Chip 50/60 Hz Back-up Circuitry. This circuitry provides for continuous operation during an ac power failure if a
battery back-up system is used. The circuitry operates in conjunction with the display oscillator. For accurate operation,
RA should be adjusted so that Dt is 1.05 kiMz for 60 Hz operation and 875 Hz for 50 Hz operation. A recommended config-
uration is shown in Figure 8. Ra is a 25 k{2 potentiometer, Ry is approxirmately 8.2 k{ and Cpy is 56 pF. For proper battery
cperation, CP must be pulled to Vgg when the ac power is off. See R1g, Figure 1.

Externai Time Base Operation. The circuit can operate from an external time base where more accuracy is required 5
where there is no 50/60 Hz line frequency. Condition the chip as above for 80 Hz operation, connect the clock inputtiv:
Vgg, open the oscillator output (pin 28} and connect a 100.8 kHz signal to the oscillator input (pin 28).
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NOQTE: All resistors are 1/4 W in ohms,
All capacitor values are in microfarads.
Fig. 8
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DIGITAL CLOCK/CALENDAR CIRCUITS ({Cont'd)

Battery Back-up. For protection from temporary ac power failures, it is advisable to connect a large filter capacitor or a
rechargeabie battery in parallel with the Vpp supply. See Figure 8 for typical circuit.

If the Vpp back-up voltage becomes too low for retiable circuit operation, the dispiay will present ail "8s” as a warning that
the contents of the registers may be incorrect. This condition is reset by momentarily entering set hours or set minutes.

BCD QUTPUT INFORMATION ~ FCM7002

The FCM7002 is electrically the same as the FCM7001 but provides BCD (binary coded decimal) segment outputs in place
of the standard 7-segment format. See Table A.

Pin 19 is valid during Dg time as shown in Figure 4. This output is only present when data other than clock (calendar,
alarm or clock radio) is being displayed. Pin 20 is an active LOW data strobe which is present every digit-blanking time. See
Figure 4. Pin 21 is not connected. Low voltage detection is the same as the FCM7001 except the indication is A and Ag out-
puts are HIGH.

OPTIONAL CIRCUITS

Leading-Zero Suppression. The following external circuit may be used to zero suppress the FCM7001 clack cireuit during
D1 {hours/tens) time. The display data at this time will be either O, 1, 2 or 3. Segment F (Sf) will be on only when a zero
is present. If Sg is present during D1 time, the transistor will turn off D1 to the display while preserving the integrity of the
01 signal to the input matrix.

Large digit LED displays which require digit and segment drives such as SN75491, SN75492 simplify zero-suppression
circuitry as shown below. One additional driver in 1C1 is used for the blanking.

ZERO SUPPRESSION-LED DISPLAYS ZERO SUPPRESSION-LED DISPLAYS
S¢ Vop
ls |13 [ 04
VDD
IC2
D1 Lo -
{TO DISPLAY DRIVER) %15 K o SN75492
f:’\;“k - ey D1 7 [1a {12 14
FCM7001 1
15K
100 &
N . £
20 |8
ZN2222A ¥ TOINPUT MATRIX T
Voo S5 TO DISPLAY DRIVER Fob ’
FCM7001
Fig. 9 ' Fig. 10

The EX7GO1 series clock chips can use any combination of the available digit times to produce different audio sounds to a
speaker. For example D3 and D1 outputs are used to produce an alarm tone = 1 kHz. The transistars are 2N2222A, the
diodes are 1NS14. When pin 3 goes HIGH, it turns Q1 on and when either Dq or D3 time is on, it turns Q2 on, modulating
the speaker load,

Either AM or PM is HIGH during clock dispiay which turns on Q1. Q2 then turns an colons at a 1 Hz rate. When calendar is
displayed, AM and PM are off which disables Q3 and turns off colons.

LOW-COST ALARM CIRCUIT COLON-BLANKING DURING CALENDAR

2NZ2Z22
Voo

Voo

Fig. 11 . Fig. 12
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FCM7002

SIMULTANEQUS DATE AND TIME DISPLAY
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