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This QuiclReferenceontains brief descriptions of théidnight
PrecisionClock(MPQ displaysoperating proceduresnd con-
trols.

The product anddisplayimagesshown hereirare current at the
time of this writing. Future releases may change appearance
and content.
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1. FEATURE OVERVIEW

Very Compact Design Attractive 4.5"W x 1.5"H x 3" all black enclo-
sure

Bright LEDDisplay ...Four seversegment characters with center colon
FormatOptions ...Choose 2hour or 12hour time display.
Two Single LEDs Indicate alarm set and PM for 4four display.

Simple, Intuitive Control ..Single rotary control with unique displays to
guide you using an extended character set and bling&regactersand
varying brightness.

Local and UTC time displaysDisplays time itHH:MM format.

Super Accurate Clock GPS time reference, visual indication when GPS
receiver unable to track satellites

GPS Status Display Shows number of satellites currently beusgd
by the GPS receiv&2 maximum)

Limited, nonGPS time maintenance When satellitedracking is not
possible uses lesaccurate internal time base.

Programmable Frequency Standard Sjuare wave logisignal, 50
ohmoutput, 1Hzto 10-MHzin 1 Hz stepsl% to 99% duty cycle in 1%
steps.

Alarm Function... Visual and audio alarfunction

Location ...Computes and displaysaidenhead coordinates for current
location.

Thermometer Functios... Displays current ambient temperature i
(Fahrenheit) C(Celsius)and K (Kelvin).

Barometer Functios... Displays current air pressure in inches of Mer-
cury andmillibars compensated for altitude.

Humidity Functiors Displays current relative and absolute humidity
and dew point.

Current gerating parametergreservedin non-volatile memory...
UTC offset, alarm time, and signal generator frequency.
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2. GENERAL DESCRIPTION

[ Block Diagram, Midnight Precision dock ]

MPCHRONT BOARD
. m
pm
;;;;;
IV'V'VITIVI (2x5 headers)
MPCMAIN BOARD
= ©
c £ MAIN CONTROL UNIT
c 2 (M)
€ E PIC24FV32KA301-I/ P
E < 16MHz
11264 Words of Program
2048 Bytes of RAM
512 Bytes of EEPROM

Q) MPC
&)\ @) e )(®) TR RearpaRa

External  Time Serial  Power Environment
Antenna  Pulse Interface 6 ¢ 15VDC Sensor
(SMA) (BNOQ  (3.5mm) (2.1x5.5) (1x5 headers

The main components of the MPC shown in the block diagram

are divided between three PCB$he following briefly describe
each ofthe main components

1.MCU Processes input from other components
and generateslisplays.

2.GPS Receiver Receives data and time from GPS satel-

lites and computegds location and alti-
tude.

3.50-Ohm Driver Booststhe power level of the Time Pulse
(frequency standard) signal.
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5. Speaker

6. Control

7. Display

8. Indicators

1. Time Pulse

2. Power

4. Internal Ant.

Dependng on your location, a small in-
ternalantenna may be usedith the

clock. The supplied antenna connects to
the MMCX connector on the GPS receiver
moduleand resides in the MPC enclo-
sure

Small Piezo speaker for alarm and warn-
iNgs

Rotarycontrol with detents and push
switch. Used to select displays and set
parameters.

Fourcharacter, seveisegment LED dis-
play with center colon A special font set
is used to displag full character sefsee
AppendixB).

IndicateALARM ONupper LED) anBM
(lower LED)

The connectors on the back panel are as follows:

BNGQack forfrequency standarautput.
The output is a square wave with a pro-
grammable frequency between 1 Hz and
10 MHzand a programmable duty cycle
between 1% and 99%T he output is
buffered as shown in the block diagram.
There will be some phase jitter if the fre-
guency is not an integer factor of 48
MHz.

Barrel connector(2.1x5.5mmYfor DC
power source. Poweaequirements: 61to
15VDC @25ma.

Quick Reference
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3. Serial Interface Available to reload the MCU firmware. It
is shared by the GPS receiver and can be
used to interface an external GPS receiv-
er.

4. EnvironmentSensor  Plugs into the rear panel and
senses ambient temperaturdumidity,
and atmospheric pressure. The sensor
assemblyplugs directly into andnounts
on the rear paneéxternal to the MPC
enclosure

5. Antenna SMA connector for external GR&ive
antenng such as GlobalSat AT65S5MA
The antenna is powered througthe coax
interface. Note that the internal antenna
must be disconnected when using an ex-
ternal antenna.

The three PCBand the front lensare positioned in the enclo-
sure like this:
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Not all componentare shown.See Appendii for schematics.
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3. QUICK START

1. External Connections

a.If used, onnect external antenna tdghe SMA con-
nector onthe back parl. Locate the stenna withan
unobstruced "view' of the sky.

b. Connect power tadhe USB connector. Limit voltage
range to6 to 15 VDC.

2. Power On Sequence

a. Observe the countdown during the initialization se-
guence. During this period the GPS recéesvserial
interface is analyzed to determine the appropriate
baud rate(auto-baud ratedetect).

b. Observego displayed and sounded in Morse code

(== = -

c. Observe thdocaltime display. The display will oscil-
late between fulintensity and halintensity until the
GPS receiver is tracking satellites and can sUppi$
time information. In this case, the time will start at
00:00 . When the clock is used without access to
GPS satellites, the time can be manually set and will
be maintained using a les€curate, internal time
base. The procedure to manually set the time is de-
scribed INSTATUS AND SET LOCAL .TIME

d. When the GPS receiver has locked on to one or more
satellites (seeSTATUS AND SET LOCAL )T IMVIEC
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time will be set to the GPS time arndcal ime will be
displayedat full brightness.

Note that the GPS receiver module contains a battery that will
maintain the time baseand may provide time data for the MP(.
In this case, the time may lose considerable accuramd the
display will toggle betveen full and halfintensity.

3. Set the U Coffset

The GPS receiver provides UTC time and you must enter
the offset from UTC for your local time zone.

a. Rotate the control knob one detent clockwise.

b. Observe the current UTC time displayed with the co-
lon flashing.

c. Press the control knob once and observe therent
UTC offset howdisplayed with the colon flashing.

d. Turn the control knob to adjust the displacement
hours. The range is frorl2 to +12n one hour
steps Use a negative offset for locatiowest of the
prime meridian(0) and east of the international date
line.

e. Press the control knob once and observe the current
UTC offset minutes displayed with the colon flashing

f. Turn the control knob to adjust the displacement
minutes. The range is fromero to 45 minutes in 15
minute steps.

g. Press the control knotwice to return to the UTC
time display.

h. Turn the control knob one detel@CWo display lo-
cal time. Verify that thelisplayed localime is the
correct local timego confirmthe UTC offset isorrect.
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4. CONTROL FUNCTIONS

The single control knob is used to change displays and enter or
selectoperating parameters such as UTC offset and alarm time.
AppendixBis a map of the functions and displays. This map is
navgated using the control knob.

On themap'stop row (0) rotating the control knob will trav-

erse therow left (CCW) and right (CW). Pressing and releasing
the knob will sequentially cycle throughe lower rows in the
same column. Leaving the last (lowest) function in a column
will switch to thefirst (top) function in the same column.

Many functions below the map's top row are used to enter
time settings or make selections. In these casssite the

control knob to set time values or make selections. The selec-
tion will be entered the next time the control knob is pressed.

The control function map in AppendBqrovides basic infor-
mation about each function and the associated displalefol-
lowing sections describe tHfenctions in more detail and out-

line theprocedures toactivate and use these functionéctual
pictures of MPC displays are shown in the right coluttme |eft
column contain descriptive text. In many instances the text
cludes references to the associated display shown in parenthe-
ses and very bold text such @9:09 ). These are intended to
only be examples, your displays will depend on your local time
and conditions.

Each description assumes that the starting disjdate local
time displaydisplayed in 2$our format
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5. ALARM

A.Start atthe local time dis-
play(13:09 )and pess A
the control knob once )

B.Rotatethe control knob to
setthe alarm time B-
hourg14: )and pess '
control knob once

C.Rotatethe control knob to
setthe alarm time minutes C
( :11)and pressthe con-
trol knob once.

D.Observe the local time
display(13:09 ) and rotate
the control knob one de- D:
tent CCW.

E.Observe displays dimmed
and the ALARM LED is on E:
to indicate that the alarm
Isarmed.

F.When the alarm is trig-
gered, the local time is F1.
displayed at full intensity
(14:11 ) flashingonce per
second. There willalso be F2
an audible, warbling
sound.

G.Either rotating the control
knob or pressing it will
turn the alarmoff and re- G
turn to the local time dis-

play.
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6. LOCAL TIME

The default display is the local tindesplay(column 0 and row O
in Appendix A) Local time is displayed when power is first ap-
plied and after a reset and restart. It is also displayed when
alarm is turned off.

When the GPS receiver is tracking one or more satellites, the
GPS time wilbe used to continuously update the UTC time and
the local time will be displayed at full intensity. When the GPS
receiver is not able to track a satellite, an internal time base will
be used to update the UTC time and the local time will be dis-
played alteénating betweenbright and dimeach second.

When the clock is first initialized, UTC time is set to the nega-
tive value of the UTC offset. This sets the local tim@o@0 .

If satellite tracking cannot be achieved due to, for example, lo-
cation and/or we#gher conditions, the local time can be en-
tered manually(seeSTATUS AND SET LOCAL )TIMfaen the
GPS receiver is able to track a satellite, UTC time will be updat
ed to GPS time.

The displayedocal time is calculated from UTC time received
from the GPSeaceiver by subtracting the UTC offset valaeg
UTC TIME When the local time is entered manually, Uiha2

IS set by adding the UTC offset to the local time entered.
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/. UTCTIME

A.Starting at the local
time display(08:09 ),
rotate the control
knobone detentCW
to the UTC display.

B.Observe the UTC time
display with the colon
blinking on(20:09 )
and off(20 09 ).

C.Press the control knob
once todisplaythe
UTC oféet hour
(-12 ).

D.Rotate the control
knob to set the appro-
priate UTMffsethours
-7 ).

E.Press the control knob
once todisplaythe
UTC offset minute
Rotate the control
knob to set the appro-
priate UT Mffset
minutes(increments of
15 minutes)

F.Press the control knob
twiceto return to the
UTC time display.

G.Rotate the control
knob one detenlCCW
to return to the local
time display(now
13:09 ).
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8. STATUS AND SET LOCAL TIME

A.Rotate the control knob
to the statusdisplayand
observe tie number of
satellitesbeingused
(SU:12 ) to determine
current timeandloca-
tion, including altitude.

B.Press the control knob
once. The current time
display format is dis-
played @4hr or
12hr ).

C.Rotae the control knob
to change the format.

D.Press the control knob
once. The displayed
time format will change
between 12(08:09
PM) and 24(20:09 )
hour formats when the
control knob is turned.

E.Press the control knob
to display the local time
hour (14: ).

F. Rotate the control knob
to set the local time
hour (13: ).

G.Repeat stepS€andDto
set the local time mi-
nute
( :09).
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H.Press the control knob H'
to return to the status .
display.
|. Rotate the controknob |'

CCW to return to the lo-
cal time display.

Note: The local time can onl
be set manually when GPS daja
IS not available. Once set, th
MPC will maintain timeonly un-

til it can be updated from GP
data.
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9. BAROMETER

Note: If theenvironmentsensor is not installed, the barometetem-
perature, and humidityfunctions cannot be activated and the displdy
will skip over the corresponding displays

A.Rotate the control knob
to the barometer dis- A:
playand doserve the
current barometer read-
Ing in inches of mercury
(29.9" ). Barometer
readings are corrected
to sea level using the al-
titude provided by the
GPS receiver.

B.Press the control knob
once to display the ba-
rometer reading in mil-
libars 1013 mb).

C.Press the control knob
againto display the cur-
rent altitude in feet
above sea levdll272 ).

D.Press the control knob
againto return to the
inches of mercurglis-

play.
E.Rotate the control knob

to return to the local E
time display.
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10.TEMPERATURE

Note: If the environment sensor is not installed, the barometer, tefn-

perature, andhumidity functions cannot be activated and the displgy
will skip over the corresponding displaysThe temperature sensor ip
mounted on the MPC enclosure and may sense a little higher than|the
ambient room temperature. . Pressing and rotating the contrdnob
with any temperature display (A, B, C) will set an offset to comp¢n-
sate for the temperature rise.

A.Rotate the control knob
to the temperature dis-
play and dserve the
current ambient tem-
perature in degrees
Fahrenheit(79 °F).

B.Press the control knob
once to display the cur-
rent ambient tempera-
ture in degrees Celsius
(26 °C)

C.Press the control knob
againto display the cur-
rent ambient tempera-
ture in degrees Kelvin
(299 °).

D.Press the control knob

againto return to the
Fahrenheit display.

E.Rotate the control knob
to return to the local
time display.

Quick Reference
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11 HUMIDITY

Note: If the environment sensor igot installed, the barometer, tem-
perature, and humidity functions cannot be activated and the displpy
will skip over the corresponding displays.

A.

Rotate the control
knob to selectthe rel- .
ative humidity display A
(36 %).

Press the control knob
once and observe the
current dew point
(12.0 °C).

Rotating the control
knob will toggle the
display between Fahr-
enheit andCelsiudis-

plays(54 °F).

Press the control knob
once and observe the
absolute humidity in
grams percubic meter
(10.4 A grams per
cubic meter)

Press the control knob
once and return to the
relative humidity dis-

play.

Rotate the control
knob to return to the
local time display.

Quick Reference Pagel7of 25 Midnight GPS Display Terminal




A.Rotate the control knob
to one of thefrequency
standarddisplays

12 FREQUENCY STANDARD
UNITS DISPLAY RANGE

MHz Al: 6M  0-10 AZ:
KHz A2:543K 000999

Hz A3:210H 000999

B.Press the control knob B1. n
once and observe the
leastsignificant digit
blink. Adifferent digit B2 m
will blink each time the -
control knob is pressed
and released
C.Rotating the control B3:
knob will increment
(CW) or decrement ]
(CCW) théblinking digit. Cl.m
Overflows and under-
flows will propagate.
When all digits are set, sz
press the control knob .
until there areno digits

blinking to eturn to the

top display
D.Rotate the control knob D:
CCW to return to the lo-

cal time display.
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13.FREQUENCY STANDARD DUTY CYCL

The frequency standard signal is a square wave with program-
mable duty cycle of 1% to 99% of the time between pulses. The
duty cycle refers to the percent of the signal period that the
signal is high.

The duty cycle displaydC:50 ) is reached by navigating to the

frequency standard megahertz displayOm )andpressing the
control knob twice(control state 6,2) Each detent on the con-
trol knob adds or subtracts one percent to or from the duty cy-
cle. The following are pictures and screen shots of various duty
cycle settings and the resulting scope traces.

I
gL !

Here the frequency standard was set to 100 Hz tecd® load.
The signal amplitude is about 1.5 voliBhe default duty cycle
is 50%.

Quick Reference Pagel9of 25 Midnight GPS Display Terminal




14 BAUD RATE

Display and set the baud rater the GPS receiver interface.
A.Goto the baud rate dis-

-
play A:
(b 96 = 9,600 bppsand '-J

observe the current
baud rate(=100). Press
the control knob once
and observe thevalue
blinking.

B.Rotate the control knob
to select the desired
baudrate (b384 =
38,400 bps)

C.Press the control knob
once to update the
baud rate. After a short
time-out, the MPC will
briefly displayBRTO
(Baud Rate Time-Out).

D.TheMPCcontroller will
then reset and restart.
The controllerthen dis-
plays a countdown
(00:0 9 to 00:0 0) dur-
ing whichthe GPS re-
ceiver's baud rateés ver-
ified.

E.The clock will display
go and sound it in
Morse code. The local
time will then be dis-
played(13:09 ).

1|
ul
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15LOCATION
(MAIDENHEAD COORDINATES

A.Rotate the control knob
nineto the location dis-
play(LoC ).

B.Press the control knob
once and bserve the
first four characters of
the local maidenhead
coordinates DN33 =
Field and Square).

C.Press thecontrol knob
again and observe the
last four characters of
the maidenhead coordi-
nates B3TQ = Square
and Sub SquareHere
the location is DN33TQ.

D.Press the control knob
againto return to the
locationdisplay(LoC ).

E.Rotate the control knob
CCW to retun to the lo-
cal time display
(13:09 ).
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APPENDIX A. MPC SCHEMATICS

Main Board

14

Front Board
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APPENDIB. CONTROL FUNCTIMXP

ALARM TRIGGERED ALARM NOT &ET
Display: local time Display: local time
PUSH
. or QW
Qolon: flashing Qolon: yes
Bright: full, flash Bright: full/ half
Audio Alarm: ON (GPSnot locked)
=
EE oy ) g
ZE % 2
Sé e Pressure Sensor BME P280 Only -----> BME280 Only
-1.0 0.0 10 20 3.0 4,0 50
ALARM SET ALARM NOT &ET UTCTIME STATUS BAROMETERO THERMOMETERO HUMIDITY O
Display: local time Display: local time Display: UTC Display: satellites Display: pressure Display: temp (in Display: relative
v CQONTON visible/ tracking (in. Hg* 10) degreesF) humidity (%9
Qolon: yes Qolon: yes Qolon: flashing Golon: no Qolon: yes Golon: no Golon: no
Bright: half Bright: full Bright: full Bright: half Bright: full Bright: full Bright: full
(GPSlocked) POW/PCOW ° 1 °F
;Soai‘mg rate istwo per o1 11 21 a1 a1 1
2. Audio alarm warbles w _M w ) BAROMETER1 m ~ HUMIDITY1
between two frequencies once Display: alarm time, Display: UTCoffset, Display: local time, Display: pressure Display: temp (in Display: dew
per second. % hours hours hours % (mbar) % degreesQ % point (in °Q'°F)
4. Barometer readings Qolon: yes Qolon: flashing Qolon: yes Colon: no Colon: no Qolon: yes
calibrated to sea level using Bright: half Bright: full Bright: full Bright: full Bright: full Bright: full
GPsaltitude. O/ COW: ° 1 hour ON/CON: ° 1 hour ON/CON:24/ 12 Hr. POW/ PCON ® 1.°C O/ COW: °Q°F
5. Alarm hour limited to 0 - +23. 5
6. UTCoffset hour limited to - =
12 - +12.
7. Alarm minutes limited to 0 to 0.2 12 22 3.2 4.2 52
60. SETALARM TIME SETUTCORFSET SETLOCALTIME BAROMETER 2 THERMIOMETER2 HUMIDITY 2
8. UTCoffset minutes limited to Display: alarm time, Display: UTCoffset, Display: local time, Display: altitude Display: temp (in Display: absolute
0, 15, 30, and 45. minutes minutes hours (feet) degreesK) humidity (in glM3)
9. Maidenhead coordinates are Qolon: yes Qolon: flashing Qolon: yes Qolon: no Qolon: no Qolon: no
three, two-character fields. Bright: half Bright: full Bright: full Bright: full Bright: full Bright: full
Shifting switches between COW/QCW: ° 1 min. ON/QQOW: ° 15 min. QON/QQOW: ° 1 hour POW/PCCW © 1 °K
RELG 83 PSR- djdeNgt and
&l deNS>- 202 deNGE.
Legend: 13 23 Toggles between normal and low
1.6 {1 € RO BALAKI YR SETENC MODE SETLOCALTIME intensity when no GPSsatellite lock
release of control knob. Display: Qurrent Display: local time, (calculationsrequire altitude).
2. ON/QOW refer to rotating encoder mode. minutes
the control knob Qlock Wise or Golon: no Golon: yes
Counter Aock Wise. Bright: full Bright: full
OW/QOW: N'R OW/QCW: ° 1 min.
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APPENDIB. CONTROL FUNCTIRAP (cont.)

6.0 70 80 9.0 100
FREQ. STD. MHz FREQ. STD. KHz FREQ. STD. Hz BAUDRATE MAIDENHEAD
Display: TP1 freq Display: TP1 freq Display: TP1 freq Display: current Display: o{h/ ¢
(MH2) “CONTON_ (KH2) _CON/ON_ (Hz) “CONTON— baud rate/ 100 O/l ow
Colon: no Colon: no Colon: no Golon: no Golon: no
Bright: full Bright: full Bright: full Bright: full Bright: full
6.1 71 81 91 101
FREQ. STD. 1IMHz FREQ. STD. 1KHz FREQ. STD. 1Hz BAUD RATE SH ECT MAIDENHEAD
% Display: TP1 freq Display: TP1 freq Display: TP1freq Display: current Display: Feld/
Colon: no Colon: no Golon: no baud rate/ 100 % Sjuare
Bright: half/do full Bright: half/dO full Bright: half/do full Qolon: no Qolon: no
CW/ QOW: +1IMHz COW/ COW+1KHz COW/ QOW: +1Hz Bright: half Bright: full
B & O/ QOW: BRI 100
: I T !
. : :
ES DUTYCYQE . STD. 10KHz . STD. 10Hz
Display: TPL duty Display: TP1 freq Display: TP1 freq 92 102
cycle Qlon: no Glon: no UART INITIALIZE MAIDENHEAD
Colon: yes Brlght half/d1 full Bflght half/d1 full Dlsplay baud rate Dlsplay Square/
Bright: full COW/ QOW: +10KHz CW/QOW: +10Hz selection / 100 Qubsquare
OW/QOW: +1% E Golon: no Golon: no
Bright: full Bright: full
13 83
FREQ. STD. 100KHz FREQ. STD. 100Hz
Display: TP1 freq Display: TPL freq E‘
Colon: no olon: no
Bright: full/d2 full Bright: full/d2 full
OW/ GO £100KHz OW/ QO +100Hz
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APPENDIX. CHARACER FONTS

ABCD
FFGH
| JKL

MNOF
ORST]
UVW)




