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1. INTRODUCTION


The "Totally Accurate Clock" TAC-2 printed circuit board (PCB) is intended to serve several purposes:


It provides a "universal" electrical and mechanical interface for a number of common OEM board-level GPS receivers including specifically:


Garmin GPS-20


Motorola Oncore


Trimble SK8


It provides interfaces for the 1 pulse-per-second (1PPS) signal generated by these receivers:


Low-impedance, fast rise-time 1PPS signals for "laboratory" applications.


RS232 level 1PPS signals for computer applications.


Specialized 1PPS interfaces for an add-on PCB that will stabilize a low-cost crystal oscillator to an accuracy ~ 1 part-per-billion


It provides several different power supply options to make use of your GPS receiver easier. The power interface is similar to (and compatible with) those used for computer disk drives:


A low-cost, (7805-type) regulator.


A high-efficiency switching power supply.


Direct 5 volt power.


It has provision for an Uninterruptible Power Supply (UPS) to buffer the GPS receiver through brief power outages.


It provides Battery Backup so the GPS receiver can wake up "smart."


It can provide isolated power for an amplified GPS antenna.





Since the TAC-2 has so much flexibility, there are several options you will have to choose from during construction. The "base" implementation will satisfy the needs of many radio amateurs with support for the Garmin GPS-20 and Motorola ONCORE Basic receivers. A few jumper changes enable support for the Motorola ONCORE VP/UT receiver. Some added parts and some more jumper changes are needed if you plan to use a Trimble SK-8. Your first decision is to determine which GPS receiver you plan on using with your TAC-2 and which options.  Once you have chosen then carefully follow the construction instructions.  In the future if you change GPS receiver or want to add an option, it can be added later.  





NOTES:





Please check the shipment for any possible errata sheet(s) and/or additions/corrections to instructions provided in this manual.





Please read the Construction Notes prior to starting assembly.





Determine which GPS receiver and options you plan to install.  Then find and read your GPS receiver installation and options before starting assembly.





Overall, construction and check-out of the TAC-2 will probably take you only an evening or two.  Warm up your soldering iron, take your time, and enjoy!
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2. PARTS LIST 


This parts list is organized by quantity and part type.  Please verify that all parts are present, checking the space [_] provided as you locate and verify it against this list.  You may wish to take this opportunity to sort the parts into a compartmented container, such as an egg carton, muffin tin, or other container as you inventory them.  This will aid you in building.





Base Configuration: The following parts are required for the base configuration of the TAC-2 which are independent of the GPS receiver or options you plan to install.





Resistors


1/4 watt, 5% carbon film:


	[_] 1	R1		510 ohm (green-brown-brown-gold)


	[_] 1	R2		1 Megohm (brown-black-green-gold)


	[_] 1	R4		tbd


	[_] 1	R5		tbd


	[_] 1	R6		180 ohm (brown-gray-brown-gold)





8-pin Single Inline Package (SIP) Resistor Packs:


	[_] 1	RP1		4 x 2.2k ohm (222)


	[_] 2	RP2,RP3	4 x 10k ohm (103)


	[_] 2	RP4,RP5	4 x 47 ohm (470)





Capacitors


Capacitors may be marked in various ways. The typical markings are given but may vary. Find all that match the typical markings given and the remaining ones, if any, should become apparent by elimination.


	[_] 13	CB1-4,6-14	10 nF (103) Mylar or Monolithic


	[_] 1	C1		100 nF (104) Mylar or Monolithic


	[_] 1	C2		470 pF (471) Mylar or Monolithic


	[_] 8	CT1-8		1 uF  Electrolytic or Tantalum capacitors 





Integrated Circuits


Integrated Circuits come from various manufacturers and may have differing prefixes and/or suffixes. For example, if the part is listed as a 74LS00, it may be marked SN74LS00N or MC74LS00P or DM74LS00N or F74LS00P or some other variation. The key is that the sequence 74LS00 appears in the part number. A four-digit number, such as 8834, indicates the year and week of manufacture and should not be confused with the part number.





NOTE: Do not handle the ICs at this time! Carefully remove the black foam carrier with ICs from the bag and verify the ICs against this list. Then return the foam with the ICs to the bag. Do not touch the ICs!


[_] 1	U1		74HC132 (14 pin DIP)


[_] 1	U2		MAX232, ISL232CPE, TC232CPE (16 pin DIP)


[_] 2	U3,U4		74AC04 (14 pin DIP)


[_] 1	U6		LM7805 3-terminal Regulator





Diodes


[_] 8	D1-7,D10	1N4148 Silicon Signal Diode


[_] 2	D8,D9		1N4001 Silicon Power Diode


[_] 1			LED





Radio-frequency Choke


[_] 1	RFC1		6.8 uh choke





Sockets and Connectors


[_] 3	U1,U3,U4	14-pin DIP IC Sockets


[_] 1	U2		16-pin DIP IC Socket


[_] 1	P7		4 pin polarized MOLEX header


[_] 3	P1-3		2x5 pin Male Header


[_] 1	JP9		1x5 pin Male Header


[_] 1	JP11		1x2 pin Male Header





Miscellaneous


[_] 1			PC Board, TAC-2 Rev. C


[_] 1			Assembly Manual (This Document)


[_] 1	U6		Heatsink


[_] 1	P1		DB9F IDC cable and connector


[_] 4			3/8"  4-40 threaded standoffs for GPS receiver


[_] 4			3/4"  4-40 threaded standoffs for TAC-2 PCB


[_] 17			1/4"  4-40 screws


[_] 17			#4 lockwashers


[_] 1			4-40 nut





Specific Configuration and Options: Depending on the GPS receiver and options you will be installing, you should have the following parts.





Motorola ONCORE Basic receiver:


[_] 1	P4		2x5 pin Male Header





Motorola ONCORE VP/UT receiver:


[_] 1	J1		2x5 pin Female Header


[_] 1	JP3		1x3 pin Male Header


[_] 10			2-pin jumpers





Trimble SK-8 receiver:


[_] 1	U5		7555 Integrated Circuit (8 pin DIP)


[_] 1	U5		8-pin DIP Socket


[_] 1	Q1		2N3906 PNP transistor


[_] 1	R3		tbd


[_] 1	R9		1 Megohm Resistor (brown-black-green-gold)


[_] 1	C3		10 nF Capacitor (103)


[_] 1	C4		100 nF Capacitor (104)


[_] 1	CB5		10 nF Capacitor (103)


[_] 1	J2		2x5 pin Female Header


[_] 1	JP3		1x3 pin Male Header


[_] 1	JP4		2x4 pin Male Header





Garmin GPS-20 receiver:


	[_]	No extra parts are needed





NOTE: Shaded parts are TAC-2 options only.  These parts should be ignored if building without the High-efficiency Switching Power Supply, or External Antenna Preamp Bias options.





High-efficiency Switching Power Supply Option:


	[_] 1	U6		Power Trends PT5101 or 78SR Switcher


	[_] 1	CE1		220 uF Electrolytic Capacitor


	[_] 1	Z1		6.2V Zener Diode


	[_] 1	RFC2		6.8 uh choke





External Antenna Preamp Bias Option:


	[_] 1	U7		LM78L05 3-terminal voltage regulator


	[_] 1	D11		1N4001 Silicon Power Diode


	[_] 3	CB15-17	10 nF Capacitor (103)


	[_] 1	CT9		1 uF Electrolytic or Tantalum Capacitor


	[_] 1	R7		500 ohm potentiometer


	[_] 1	R8		510 ohm resistor (green-brown-brown-gold)


	[_] 1	JP12		1x2 pin Male Header


	[_] 1	Z2		Zener Diode (optional, voltage as required)


--------------------------------------------------


3. CONSTRUCTION NOTES:


You are now ready to begin construction of the TAC-2.  It is recommended that when assembling the TAC-2, that you use a very fine pointed soldering tip on an iron of relatively low wattage (25 watts maximum, 15 watts is ideal).  Due to the proximity of some of the traces on the PC board, solder bridges are a very distinct possibility.  A low wattage soldering iron, fine pointed tip, clean rosin core solder (small size) is the order of the day.  Following these points could eliminate several hours of troubleshooting (or worse).  This is good practice when working on any kit.





In addition to the soldering iron and solder, you will need small flush or semi-flush cutting pliers and small-tipped long nosed pliers. A magnifying glass may prove helpful to identify the values of the small components. 





Pay careful attention to the directions that follow. Keep the tip of your soldering iron bright and clean, wiping it frequently on a wet rag or sponge. Make solder joints carefully, but swiftly. Prolonged heat on a PC board pad can be as disastrous as too much heat, and ruining this PC board can be expensive! Two to three seconds should be enough time to apply heat to any joint.





The accompanying component placement drawing shows the placement of all parts on the circuit board.  Pay particularly close attention to:





1) Read this entire document prior to starting construction of your kit.  There are several final configurations for the TAC-2 (depending on which type of GPS receiver you have) and some parts may or may not require installation for your specific configuration.





2) Identifying the pins on headers - Pin 1 is identified by the square pad on silkscreen.





3) Some resistor values may seem unclear as to color and value.  Be very sure of value prior to installation.  Access to an ohm meter will be very helpful.


--------------------------------------------------


4. CONSTRUCTION


Check the PC Board and verify that the exposed, tinned pads are clean and shiny.  If they are not, scrub the board LIGHTLY with a household cleanser (such as "AJAX" or "COMET") and rinse with clean water, then dry with a clean soft towel.





	[_] PC Board clean





Refer to the layout diagram in Figure 1 for clarification of parts placement.  Figure 1 is also attached as a full size diagram at the end of the manual.





NOTE: Shaded Parts are contained in the TAC-2 options only.  These parts should be ignored if building without the options.  These are not needed with all kits.





IC Sockets


NOTE: If any socket pins are bent, carefully straighten them with a pair of long-nose pliers before assembly. Some types of IC sockets have crimps in the pins to hold them in place when automatic wave-soldering is performed. These sockets may be tricky to install if you are not familiar with them. If your kit contains these sockets, you may want to straighten the pins before attempting to insert them into the PC board.





When installing IC sockets, double check to ensure that the socket is seated properly against the board with the notch matching the silkscreen. Pin 1 (nearest the socket notch) has a square solder pad. Be sure that all IC socket pins are showing on the solder side of the board. Next, tack-solder two diagonally opposite corners first (such as pins 1 and 8 on a 14-pin socket).





Then solder the remaining pins of that socket before proceeding to the next one. If you find a socket is difficult to install, remove it and double-check for a bent pin.





NOTE: Take care now to avoid solder bridges!





Install the following IC sockets.





	[_] U1		14-pin


	[_] U2		16-pin


	[_] U3		14-pin


	[_] U4		14-pin





If you will be using a Trimble SK-8 receiver, then also install:





	[_] U5		8-pin





Now check your work. All leads should be soldered. There should be no solder bridges (a blob of solder that shorts two adjacent soldered connections) or cold (gray and/or grainy looking) solder connections. You should have no IC sockets remaining.





	[_] OK so far.





Resistors


Resistors lie flat on the PC board and have a lead spacing of 0.400". You may wish to use a lead former to preform the resistor leads for neatest appearance.





Install the following 5% resistors:





	[_] R1		1 Megohm (brown-black-green-gold)


	[_] R2		510 ohm (green-brown-brown-gold)


	[_] R4		tbd


	[_] R5		tbd


	[_] R6		180 ohm  (brown-gray-brown-gold)





WARNING! Be careful when clipping leads, as they have a tendency to fly towards your eyes! Take appropriate precautions (grasp leads and wear eye protection).





	[_] Solder and clip the leads (10 total)





If you will be using a Trimble SK-8 receiver, then also install:





	[_] R3		tbd


	[_] R9		1 Megohm (brown-black-green-gold)





If you will be using the External Antenna Preamp Bias Option, then also install:





	[_] R8		510 ohm resistor (green-brown-brown-gold)


	[_] R7		500 ohm potentiometer





Carefully check the board for solder splashes, solder bridges and cold solder joints.





[_] OK so far.





SIP (Single Inline Package) Resistors used in the TAC-2 are symmetric and not polarized.  It is recommended that you match the dot or Pin 1 on the resistor with the pad marked with a square on the silkscreen. All RPx Resistor Packs are 8-lead parts containing 4 identical resistors. The resistors should end up flush with the circuit board. It is easiest to solder the end pins first, then inspect the placement, and the solder the other 6 pins (just like you did by soldering the corner pins on the IC sockets).





	[_] RP1	4x2.2k ohm


	[_] RP2	4x10k ohm


	[_] RP3	4x10k ohm





	[_] Solder the leads (24 total)





	[_] RP4	4x47 ohm


	[_] RP5	4x47 ohm





	[_] Solder the leads (16 total)





RF Chokes





[_] RFC1	6.8uh





[_] Solder and clip the leads (2 total)





Carefully check the board for solder splashes, solder bridges and cold solder joints.





[_] OK so far.





Capacitors





NOTE: All capacitors should be mounted as nearly flush to the board surface as practical without stressing the leads. The first capacitors to install are located on the upper right-hand quadrant of the PCB:


[_] C1		100nf	(104)


[_] C2		470pf	(471)


[_] CB1	10nf	(103)


[_] CB6	10nf	(103)


[_] CB7	10nf	(103)





[_] Solder and clip the leads (12 total)





Now work in the top left-hand quadrant:


[_] CB2	10nf	(103)


[_] CB11	10nf	(103)


[_] CB12	10nf	(103)


[_] CB13	10nf	(103)





[_] Solder and clip the leads (10 total)





In the bottom half of the board:


[_] CB3	10nf	(103)


[_] CB4	10nf	(103)


[_] CB8	10nf	(103)


[_] CB9	10nf	(103)


[_] CB10	10nf	(103)


[_] CB14	10nf	(103)





[_] Solder and clip the leads (12 total)





Carefully check the board for solder splashes, solder bridges and cold solder joints.





[_] OK so far.





NOTE: The following capacitors are polarized. The positive (+) lead should go in the square pad towards R5. Electrolytic capacitors (tubular metal cans with the leads coming out of one end) have the negative lead marked with a bold black band; tantalum capacitors (teardrop-shaped epoxy-covered blobs) have the positive lead marked with hard-to-read little plus (+) signs.


[_] CT5	1uF	(105)


[_] CT6	1uF	(105)


[_] CT7	1uF	(105)





[_] Solder and clip the leads (6 total)





The following capacitors are immediately adjacent to U2 (MAX232). All the "+" signs should point away from U2 and toward U5/R9.


[_] CT8	1uf	(105)


[_] CT1	1uf	(105)


[_] CT2	1uf	(105)


[_] CT3	1uf	(105)


[_] CT4	1uf	(105)





[_] Solder and clip the leads (10 total)





If you will be using a Trimble SK-8 receiver, then also install:





	[_] CB5	10nf	(103)


	[_] C3		10nf	(103)


	[_] C4		100nf	(104)





If you will be using the External Antenna Preamp Bias Option, then also install:





	[_] CB15	10nf	(103)


	[_] CB16	10nf	(103)


	[_] CB17	10nf	(103)





NOTE: The following capacitor is polarized.


	[_] CT9	1uf	(105)





Now check your work. All leads should be soldered. There should be no solder bridges or cold solder connections. You should have no resistors, diodes or capacitors remaining.





[_] OK so far.





Diodes


Diodes are polarized, with the cathode end being banded. Observe polarity when installing the following diodes. The diode band must match the band shown on the PCB's silk screen. Leads are at a 0.3" spacing. Diodes D1 through D7 are located between RP1 and RP2.


 


	[_] D1		1N4148	NOTE: The cathode band on 


	[_] D3		1N4148	these 4 diodes all point towards RP2


	[_] D7		1N4148


	[_] D5		1N4148





	[_] Solder and clip the leads (8 total)





	[_] D4		1N4148 	NOTE: The cathode band on 


	[_] D2		1N4148 	these 3 diodes all point towards RP1


	[_] D6		1N4148


	[_] D10 	1N4148





[_] Solder and clip the leads (8 total)





NOTE: The 1N4001 diodes have heavy leads. Make sure that they get hot enough for solder to flow properly!





[_] D8		1N4001


[_] D9		1N4001


					  


[_] Solder and clip the leads (2 total).





If you will be using the External Antenna Preamp Bias Option, then also install:





	[_] D11	1N4001





Carefully check the board for solder splashes, solder bridges and cold solder joints.





[_] OK so far.





Connectors


The male headers will next be installed.  The plastic body of the part should rest flush with the top surface of the PC board.  The short end if the pins goes into the PC board, the long end sticks up.  Install them using the same procedures you used for the IC sockets. Note that the PCB silkscreen has a square to denote pin #1.





WARNING: Do not hold these parts with your fingers as they quickly get very hot while soldering in place.





	[_] P1		2x5 pin Male Header


	[_] P2		2x5 pin Male Header


	[_] P3		2x5 pin Male Header


	[_] JP9		1x5 pin Male Header		UPS Power


	[_] JP11	1x2 pin Male Header		Ext Battery





The following connector is polarized. Install it with the plastic polarizing tab away from the edge of the board and towards the diode D8, matching the silkscreen artwork. This connector matches the 4-pin connector used on many disk drives:





	[_] P7		4 pin polarized MOLEX connector





If you will be using the External Antenna Preamp Bias Option, then also install:





	[_] JP12	1x2 pin Male Header		Ant Bias





If you will be using a Motorola ONCORE BASIC receiver (this is Motorola's original receiver, also called the PVT-6 with a PCB 100mm x 70mm in size), then also install:





	[_] P4		2x5 pin Male Header





If you will be using a Motorola ONCLORE VP/UT receiver, then also install:





	[_] J1		2x5 pin Female Header	ONCORE VP/UT I/O


	[_] JP3		1x3 pin Male Header		TXD Polarity Selection





If you will be using a Trimble SK-8 receiver, then also install:





	[_] J2		2x5 pin Female Header	Trimble SK-8 I/O (only 8 pins used)


	[_] JP3		1x3 pin Male Header		TXD Polarity Selection


	[_] JP4		2x4 pin Male Header		1PPS CFG





NOTE: The headers at P5 and P6 are intended for future expansion. Don't worry about these at this time.





Carefully check the board for solder splashes, solder bridges and cold solder joints.





[_] OK so far.





Transistor


NOTE: Transistors are polarized components.  Match the body of the transistor with the silkscreened outline and carefully bend the transistor leads to match the hole pattern in the PC board.  The bottom of the body of the transistor should be not more than ¼” above the PC board.





If you will be using a Trimble SK-8 receiver, then also install:





	[_] Q1		2N3906 PNP transistor





NOTE: U7 is an integrated circuit shaped like a transistor.  Install U7 in the same manner as stated in the note above for Q1.





If you will be using the External Antenna Preamp Bias Option, then also install:





	[_] U7		LM78L05 3-terminal voltage regulator





Power Supply


At this point you need to decide which of three power supply options you plan to use:


7805 Voltage Regulator - A low-cost voltage regulator.  This regulator comes supplied with the TAC-2 kit.  Input voltage range is 7.5 to 12 volts.


PT5101 or 78SR Switcher Voltage Regulator - For high efficiency regulation under a wide variety of input voltages, Power Trends PT5101 or 78SR Switcher voltage regulator may be installed.  Input voltage range is 7 to 26 volts.


Direct 5 volts power supply - A voltage regulator is not needed.  Either you plan to use your own 5 volt power supply or you plan on installing your TAC-2 inside your computer and using its 5 volt power supply.


NOTE: The Garmin GPS-20 requires +5 volts +/- 5%.





7805 Voltage Regulator


Bend the leads of the 7805 voltage regulator in a 90 degree angle in the direction of the mounting tab so that it lies over the silk-screen outline of the device.  Bend the leads such that the center leg fits into the hole marked Z.  





Install the supplied heatsink and the 7805 to the PCB before soldering.  Fasten the 7805 and the heatsink using one ¼” 4-40 screw and nut.





Before soldering the 7805 to the PCB ensure that the fins of the heatsink do not touch any other components or a short may result!





[_] Install Heatsink





[_] U6		7805 3-terminal voltage regulator





[_] Solder in place





PT5101 or 78SR Switcher Voltage Regulator


Install the following components in the same manner as stated above for capacitors, diodes, and chokes.





NOTE: CE1 and Z1 are polarized components.





	[_] CE1	220 uF Electrolytic Capacitor


	[_] Z1		6.2V Zener Diode


	[_] RFC2	6.8 uh choke





Bend the leads of the Power Trends PT5101 or 78SR Switcher voltage regulator in a 90 degree angle in the direction of the mounting tab so that it lies over the silk-screen outline of the device.  Fasten the voltage regulator using one ¼” 4-40 screw and n
