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COPYRIGHT NOTICE

Copyright 1997 Datum Inc. All Rights Reserved

This User's Guide is provided to assist the user in the operation and maintenance of the supplied equipment. It is
recognized that multiple copies may be required to support even a single unit, and for this reason, permission is
hereby granted to reproduce the supplied User's Guide for the purpose stated above, provide that this notice is
included as part of the copy. Additional copies are also available from Datum Inc for anominal fee.

In no case, however, does the supply of these User's Guide's or the granting of rights to reproduce the User's
Guide's, grant any rights to use information contained within to reproduce the supplied equipment or software, either
inwhole or part.

The equipment and software described in this User's Guide has been developed solely at the expense of Datum Inc

and is proprietary. No unlimited rightsin technical data are granted. Limited Rights as per DFARS 252.227-7013 shall
be effective for ten years from the copyright date.

FEDERAL COMMUNICATIONS COMMISSION (FCC) STATEMENT

This equipment is certified to comply with the limits for a Class A computing device pursuant to Part 15,
Subpart B of FCC Rules.

This eguipment generates and uses radio frequency (RF) energy. If not installed and used properly, that is, in
strict accordance with the manufacturer's instructions, it may cause interference to radio or television
reception.
If this equipment does cause interference to radio or television reception, which can be determined by turning
the equipment on and off, the user is encouraged to correct the interference by one or more of the following
measures:

Reorient the radio/television receiving antenna.

Move the antenna leads away from any wire runs to the personal computer with the Datum module.

If using an indoor antenna, have a quality outdoor antenna installed.

Relocate the personal computer with respect to the radio/television receiver.

Connect the AC transformer to a different outlet so the personal computer and the radio/television are on
different branch circuits.

If necessary, the user should consult the deadler or an experienced radio/television technician for suggestions
or reference the following booklet, prepared by the Federal Communications Commission, helpful: How to
Identify and Resolve Radio-TV Interference Problems. This booklet is available from the U.S. Government
Printing Office, Washington D.C. 20402. Stock No. 004--000-00345-4.

Properly shielded and grounded cables and connectors must be used for connection to peripherals in order to
meet FCC emission limits. Datum Inc. is not responsible for any radio or television interference caused by
using other than recommended cables or by unauthorized modifications to this equipment. It is the
responsibility of the user to correct such interference.
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CHAPTER ONE
INTRODUCTION

1.0 GENERAL
Thisbc620AT Time and Frequency Processor (TFP) User's Guide provides the following information:
Introduction and key feature description.
Ingtalation and setup.
Detailed operation and programming interfaces.
Programming examples.
Input and output Signals.
Drawing st.
11 KEY FEATURES
The bc620AT has been designed with the following key features:

Time on demand (days through microseconds) with zero latency. This feature isimplemented with
hardware registers which latch the current time upon host request.

Event logging (days through 0.1 microseconds). Thisfeature isimplemented with a second set of
hardware registers. Timeis captured on a pogitive or negeative input edge or secondary bustime
request.

Four operational modes are supported. Modes are distinguished by the reference source.

Mode Sour ce Of Synchronization
0 Timecode- IRIG A, IRIG B, XR3, 2137, NASA36 (modulated or
DC).
1 Free running - on board 10 MHz oscillator (VCXO) used as reference.
2 1pps - synchronizes to external one pulse per second.
3 RTC - uses on board battery backed red time clock IC.
4 GPS - uses Acutime GPS receiver as reference (bc627AT only).
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CHAPTER ONE

Provides an output clock synchronized to the selected reference; programmable 1, 5, or 10 MHz
TTL.

All modes of operation are supplemented by flywhed operation (i.e. if synchronization sourceislost
the TFP will continue to function at the last known reference rate).

Generates synchronized IRIG B time code. Modulated and DC leve shift formats are produced
Smultaneoudy.

Programmable frequency output (periodics) is provided. Pulseratesfrom 2.3 MHz to 2.5 MHz are
supported.

A time coincidence strobe output is provided. Programmable from days through milliseconds. This
strobe aso has an “each second” mode programmeable to milliseconds.

Five maskable interrupt sources are supported. 1RQ levels 3-7, 9-12, 14, and 15 can be selected
viajumper JPL.

Interrupt # Sour ce of Interrupt
0 Externd event input has occurred.
1 A periodic output has occurred.
2 The time coincidence strobe has occurred.
3 A one second epoch (1pps output) has occurred.
4 An output FIFO data packet is available.

1.2 PHYS CAL AND FUNCTIONAL OVERVIEW

The bc620AT isahdf length PC AT 1/0 expansion bus board. Operation is controlled viatwo 16
byte pages of 8 bit registers written and read by the host viathe PCbus. The bc620AT occupies 16
bytesin the AT /O address space. The 1/O signds are accessible viatwo 15 pin “D” connectors
mounted on the rear pandl. The bc620AT is shown in Figure 1-1.

1-2 bc620AT Time and Frequency Processor Datum Inc
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CHAPTER ONE

1.3 PERFORMANCE SPECIFICATIONS

131 TIME CODE READER

Format IRIG A, and IRIG B. XR3, 2137; NASA36.

Carrier Range +/- 50ppm.

Flywhed Accuracy Drift < 2 millisecond per hour (appliesto dl operational modes).
Modulation Ratio 31to6:1.

Input Amplitude 0.5 to 5 volts peak-to-peak.

Input Impedance 10KW AC coupled.

1.3.2 TIME CODE GENERATOR

Format IRIG B.

Modulaion Ratio 31

Output Amplitude 0 to 0 volts peak-to-peak.
Dc Leve Shift TTL/CMOS compatible.

1.3.3 BUSCHARACTERISTICS

Address Space 16 bytesin PC 1/0O Address Space (0x100 - Ox3FF).

Data Transfer D08 (eight hit).

Interrupts IRQ3,4,5,6,7,9, 10, 11, 12, 14, and 15 (jumper selectable).
Power +5 @ 450 milliamperes-12 @ 20 milliamps.

+12 @ 55 milliamps (250 milliamps - bc627AT).

134 DIGITAL INPUTS

Event Capture TTL / CMOS poditive or negative edge triggered.
20 nanoseconds minimum width 250 nanoseconds min. period.
Externd 1pps TTL / CMOS positive edge on time.
20 nanoseconds minimum width.
14 bc620AT Time and Frequency Processor Datum Inc



1.35 DIGITAL OUTPUTS

INTRODUCTION

1pps TTL /CMOS postive edge on time (200 msec pulse width).
Periodics TTL /CMOS postive edge on time (variable pulse width).
Strobe TTL /CMOS postive edge on time (1 msec pulse width).

1, 5, 10 MHz Clock

TTL /CMOS postive edge on time.

1.3.6 EXTERNAL 10 MHz

INPUT

Digitd Input (or)

TTL / CMOS 45% to 55% duty cycle.

10MHz Input

1.5 to 4 volts peak-to-peak.

1.3.7 ENVIRONMENTAL

SPECIFICATIONS

Temperature Operating. 0° to 70° centigrade.
Non-Operating. -50° to 125° centigrade.

Rdative Humidity Operating. 5% to 95% non-condensing.

Altitude Operating. -400 to 18,000 meters MSL.

1.3.8 DIGITAL SYNCHRONIZATION SIGNALS

Format DSS.
Sgnd RS-422.
Communication 9600 bps, 8 hit, 1 stop bit, no parity.
Datum Inc bc620AT Time and Frequency Processor 1-5



CHAPTER TWO
INSTALLATION AND SETUP

2.0 GENERAL

The bc620AT occupies 16 bytesin the AT 1/O address space and the registers are eight bits wide.
This section details the steps required to setup the module for operation.

2.1 BASE ADDRESS SELECTION

Before ingaling the module in the computer, the address select DIP switch (SW1) must be set. The
bc620AT occupies 16 bytes in the PC 1/0 address space and can be fredly located on any 16 byte
boundary. The six DIP switch positions of SW1 correspond to address bits A9 - A4 as shown in
Figure 2-1 and determine the modules base address. The base address is defined as the address
selected by the SW1 DIP switch when A3 - AQ are 0.

Figure2-1
DIP Switch SW1
Address Bit A9 A8 A7 A6 A5 A4
SW1 Switch 1 2 3 4 5 6

[ [ [ [ [ [
O O O O O O

OPEN

To select abase address, set each of the 6 DIP switches to the ON (same as CLOSED), or OFF
(same as OPEN) position. Setting a DIP switch to the ON position selects alogical zero for that
address bit, and the OFF position selectsalogica one.

Inan AT computer, the base address can be st in the range of 100H - 3FOH. Setting a base address
that is out of these ranges will probably prevent your computer from booting.

Example: To set the bc620AT base address to 0x300, set switches one and two to the OFF
position and set switches three, four, five, and Sx to the ON position. Refer to Table
2-1for alig of al the available base addresses in the PC bus and the corresponding
switch settings.

Datum Inc bc620AT Time and Frequency Processor 2-1



CHAPTER TWO

Table2-1
Section One
PC Bus Base Address Selection (SW1)
Base S1 S2 S3 A S5 S6
Addr A9 A8 S7 A6 A5 A4 A3 A2 Al AO
100H ON OFF ON ON ON ON 0 0 0 0
110H ON OFF ON ON ON OFF 0 0 0 0
120H ON OFF ON ON OFF ON 0 0 0 0
130H ON OFF ON ON OFF OFF 0 0 0 0
140H ON OFF ON OFF ON ON 0 0 0 0
150H ON OFF ON OFF ON OFF 0 0 0 0
160H ON OFF ON OFF OFF ON 0 0 0 0
170H ON OFF ON OFF OFF OFF 0 0 0 0
180H ON OFF OFF ON ON ON 0 0 0 0
190H ON OFF OFF ON ON OFF 0 0 0 0
1A0H ON OFF OFF ON OFF ON 0 0 0 0
1BOH ON OFF OFF ON OFF OFF 0 0 0 0
1COH ON OFF OFF OFF ON ON 0 0 0 0
1D0H ON OFF OFF OFF ON OFF 0 0 0 0
1EOH ON OFF OFF OFF OFF ON 0 0 0 0
1FOH ON OFF OFF OFF OFF OFF 0 0 0 0
2-2 bc630AT Time and Frequency Processor Datum Inc




INSTALLATION AND SETUP

Table2-1
Section Two
PC Bus Base Address Selection (SW1)
Base S1 S2 S3 A S5 S6
Addr A9 A8 S7 A6 A5 A4 A3 A2 Al AO
200H OFF ON ON ON ON ON 0 0 0 0
210H OFF ON ON ON ON OFF 0 0 0 0
220H OFF ON ON ON OFF ON 0 0 0 0
230H OFF ON ON ON OFF OFF 0 0 0 0
240H OFF ON ON OFF ON ON 0 0 0 0
250H OFF ON ON OFF ON OFF 0 0 0 0
260H OFF ON ON OFF OFF ON 0 0 0 0
270H OFF ON ON OFF OFF OFF 0 0 0 0
280H OFF ON OFF ON ON ON 0 0 0 0
290H OFF ON OFF ON ON OFF 0 0 0 0
2A0H OFF ON OFF ON OFF ON 0 0 0 0
2BOH OFF ON OFF ON OFF OFF 0 0 0 0
2COH OFF ON OFF OFF ON ON 0 0 0 0
2D0OH OFF ON OFF OFF ON OFF 0 0 0 0
2EOH OFF ON OFF OFF OFF ON 0 0 0 0
2FOH OFF ON OFF OFF OFF OFF 0 0 0 0
Datum Inc bc620AT Time and Frequency Processor 2-3




CHAPTER TWO

Table2-1
Section Three
PC Bus Base Address Selection (SW1)
Base S1 S2 S3 A S5 S6
Addr A9 A8 S7 A6 A5 A4 A3 A2 Al A0
300H OFF | OFF ON ON ON ON 0 0 0 0
310H OFF | OFF ON ON ON OFF 0 0 0 0
320H OFF | OFF ON ON OFF ON 0 0 0 0
330H OFF | OFF ON ON OFF | OFF 0 0 0 0
340H OFF | OFF ON OFF ON ON 0 0 0 0
350H OFF | OFF ON OFF ON OFF 0 0 0 0
360H OFF | OFF ON OFF | OFF ON 0 0 0 0
370H OFF | OFF ON OFF | OFF | OFF 0 0 0 0
380H OFF | OFF | OFF ON ON ON 0 0 0 0
390H OFF | OFF | OFF ON ON OFF 0 0 0 0
3A0H | OFF | OFF | OFF ON OFF ON 0 0 0 0
3BOH OFF | OFF | OFF ON OFF | OFF 0 0 0 0
3COH OFF | OFF | OFF | OFF ON ON 0 0 0 0
3DOH | OFF | OFF | OFF | OFF ON OFF 0 0 0 0
3EOH OFF | OFF | OFF | OFF | OFF ON 0 0 0 0
3FOH OFF | OFF | OFF | OFF | OFF | OFF 0 0 0 0
2.2 INSTALLATION PROCEDURE
To ingdl the bc620AT modulein your computer chassis:
Remove the computer chassis cover.
Select avacant expanson dot and remove the blank rear panel bracket. Save the screw.
Slide the bc620AT Module straight down to engage the motherboard connectors.
Fasten the top of the bracket to the chassis using the screw that was saved from Step 2.
Replace the chassis cover.
24 bc630AT Time and Frequency Processor Datum Inc




INSTALLATION AND SETUP

2.3 DEMONSTRATION PROGRAMS

The following demondration program is provided with the bc620AT. A detailed explanation of the
programs operation isincluded in the text file bc620.hlp. Thisfile can be viewed by executing the
README.EXE batch file,

bc620.c / bc620.exe

This program iswritten in Turbo C, and is intended to illustrate how to exercise the bc620 from a PC or
compatible. Both the source code and an executable file have been provided. The modules base
address is controlled by the value of the constant “base.” Section 3.2.5 of the User’s Guide describes
the packet protocol used by this program. All the usud disclaimers concerning programming style and
ligbility for use gpply to this software.

24 MSDOSDEVICE DRIVER

bc620/627AT DOS Clock Device Driver v2.0

A device driver is supplied with the bc620/627AT. Thisdriver isintended to replace the PC red time
clock in dl aspects, time and date samping of files, high level language cdls, time and date requests
from the DOS prompt, and any other applications which use the DOS clock (INT21 funcs 2A, 2B, 2C
or 2D).

The driver isingtdled by adding a line to the config.sysfile containing a device load datement. The
following statement shows the syntax for the bc620 driver.

device=<path>bc620.sys{- / \H{AMOY }<switch data>

Note If the path is not included, the system will search for the device driver in the root
directory of the boot disk.

Also, there are three allowed switch ddimiters: dash(-), dash(/) and the backd ash()).
The switch ids are defined as follows:

AXXX

Address

Three digits of hex base address

Allowed vaues 100-3F0
Default; 300

Datum Inc bc620AT Time and Frequency Processor 2-5
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M x

Mode

Onedigit to select mode. If the board is not dready in the requested mode the driver initidization
routine will set the board to the requested mode.

Allowed vaues.
0 (IRIG Decoder Mode)

1 (Free Running Mode)
2 (External 1 PPS Mode)
3 (Battery Backed RTC Mode)
4 (GPS Mode [bc627AT only])
Default: doesn't change mode
Osxx
Offset

One digit of sgn (optiond) immediately followed by one or two digits of offset in hours from GMT.

Allowed vaues

Sgn  “+"or*-
hours 0-12
Default: O
Y XX
Y ear

One or two digits of year information.

Allowed values. 91-10
Default: 94

Note:  Year vauesless than ninety-one will be assumed to mean twenty-first century.

None of the switches are “required” and the switches may be added in any order. The user isfreeto
set only those switches which are necessary for the particular implementation. Any switches not set will
result in the default behavior noted above.

Some possible device load statements are shown and explained in the following section.

2-6 bc630AT Time and Frequency Processor Datum Inc



INSTALLATION AND SETUP

device=c:\bc620at\bc620.sys /A300 /M4 /Y94 /O-08

Description:

/A300 Sets the location where the driver will find the board to 300H.
M4 Puts the board in GPS mode (if it is not aready there).

Y94 Setsthe driver initid year to 1994.

/0-08 Setsthe time returned by the driver to reflect 8 hrs behind GMT.

device=bc620.sys-A240 -Y01 -05

Description:

A240 Sets the location where the driver will find the board to 240H.
Y01 Setsthe driver initiad year value to 2001.

-05 Sets the time returned by the driver to reflect 5 hrs ahead of GMT.

device=bc620.sys\A310\Y4\O+03\M 2

Description:

\A310 Sets the location where the driver will find the board to 310H.

\Y4 Setsthe driver initid year value to 2004.

\O+03 Sets the time returned by the driver to reflect 3 hrs ahead of GMT.
\M2 Puts the board in Externd 1 PPS mode (if it is not dready there).

Datum Inc bc620AT Time and Frequency Processor
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CHAPTER THREE
SOFTWARE INTERFACE

3.0 GENERAL

The bc620AT Time and Frequency Processor (TFP) occupies 16 bytes in the PC bus 1/0O address
gpace. Refer to Chapter Two for details on base address selection. All TFP registers are eight bits
wide. This chapter describes the TFP registers and their use.

3.0.1 GLOSSARY OF KEY TERMS

Epoch
A referencetime or event. Intiming applications “epoch” often refers to a one pulse per second event
(1pps).

Flywhed
In the time keeping vernacular, to “flywhed” meansto maintain time or frequency or both after the input
reference is removed or logt.

Periodic

A programmable frequency which is obtained by dividing the TFP reference frequency. Periodics are
sometimes referred to as “heartbeats.” Periodics may optiondly be synchronous with the 1pps epoch if
the period is expressible as aratio of integers.

Major Time
Units of time larger than or equa to seconds. A day hr:min:sec format is usudly implied.

Minor Time
Subsecond time to whatever resolution is supported.

Packet
A group of bytes conforming to a defined structure. Packets are usually used in bit serid or byte serid
data transmission to alow framing of the transmitted deta.

Datum Inc bc620AT Time and Frequency Processor 31



CHAPTER THREE

3.1 REGISTERS

This section describes the registers used on the TFP for controlling its operation and transferring time
data. Section 3.2 details the use of these registers. There are two 16-byte pages of registers on the
TFP. The page select register determines the active page and is aways accessible. The memory map
for the TFPislisted in Table 3-1 and Table 3-2 (PAGE 1 regigers). Thefirst column of these tables
shows the offset from the base address of each register. The second column (R/W) lists the access type
of each register. These registers may be read only (R), write only (W), or read/write (R/W). In some
cases, aread/write register is structured to support dissmilar data in the read and write directions. The
contents of each register following a power-on or software reset is shown (RESET VALUE). A resst
vaue of “---" indicates that the register contents are undefined. A labed for each regigter islisted, as
well as abrief description of the register's function.

3.1.1 PAGE SELECT REGISTER (PAGE 0/1)

The page select register is used to activate one of two 16-byte banks of registers. Bit 0 of PAGE
selects PAGE 0 or PAGE 1, bits 1-7 are ignored during writes and undefined during reads. PAGE is
aways accessble.

3.1.2 TIMEREQAND TIMEO- TIME7 REGISTERS (PAGE 0)

Reading the TIMEREQ register causes the current time (days - microseconds) and status to be loaded
into abank of regigters, freezing the time at the ingtant the TIMEREQ register is accessed. Specid
circuitry prohibits the time from being latched while the timeis changing. Thiscircuitry is designed so
that the TIMEQ - TIMEY registers can be read immediately after aread of the TIMEREQ register
without having to wait some predetermined amount of time (latency) for the time registers to become
vaid. Thisisreferred to as zero latency time access.

A bank of 8 byte-wide registers (TIMEO - TIMEY) holds the captured time and status. The time data
isin apacked BCD format as shown in Table 3-3. Thetimeis maintained in these registers until the
TIMEREQ register isread again.

32 bc620AT Time and Frequency Processor Datum Inc



SOFTWARE INTERFACE

The status bits 4 - 6 of the TIMEO and EVENTO register indicate the tracking status of the TFP with
respect to the selected time source.

Bit 4: 0= Reference time source present (i.e. time code, external 1pps, €tc.).
1 = Hywhesdling (i.e. time source lost)

Bit 5: 0= Synchronized to within +/- X microseconds of time source
1 = Not synchronized to within +/- X microseconds of time source
(X=5forMode0 X =2for dl other Modes)

Bit 6: 0= Frequency stability <=5 partsin 10EX rdative to time source
1 = Frequency stability > 5 partsin 10EX relative to time source
(X=7for Mode O X=8for dl other Modes)

Bit 7. Currently unused

A second independent one-hundred nanosecond bus time request is supported with the UNLOCK and
EVENTO - EVENTS8 registers. See sections 3.1.4 and 3.1.5.

Note Regiger bitswhich are designated as*unused” are ignored during writes and undefined
during reads. For software competibility with future versions of the TFP, which may use some
of the “unused” bits, write zero's to these bits and ignore them during reads.

Datum Inc bc620AT Time and Frequency Processor 33
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Table 3-1
bc620AT Page O Register Map
Offset Reset

Hex R/W Vdue Label Description
0 R --- TIMEREQ Time Request.
1 R 0 TIMEO Time Byte O (Status, DH).
2 R 0 TIME 1 Time Byte 1 (DT, DU).
3 R 0 TIME 2 Time Byte 2 (HT, HU).
4 R 0 TIME 3 TimeByte3 (MT, MU).
5 R 0 TIME4 Time Byte 4 (ST, SU).
6 R 0 TIMES Time Byte 5 (MSH, MST).
7 R 0 TIME 6 Time Byte 6 (MSU, USH).
8 R 0 TIME7 Time Byte 7 (UST, USU).
9 -- Not Used.
A -- Not Used.
B -- Not Used.
C -- Not Used.
D -- Not Used.
E -- Not Used.
F RIW 0 PAGE Page Select.

34 bc620AT Time and Frequency Processor Datum Inc



SOFTWARE INTERFACE

Table 3-2
bc620AT Page 1 Register
Offsat Reset
Hex R/W Vdue Label Description
0 R 0 CRO Control Regigter 0.
1 R 0 EVENT O Event Time O (Status, DH).
2 R 0 EVENT 1 Event Time 1 (DT, DU).
3 R 0 EVENT 2 Event Time 2 (HT, HU).
3 W 0 STROBE 2 | Strobe Time2 (HT, HU).
4 R 0 EVENT 3 Event Time 3 (MT, MU).
4 W 0 STROBE 3 | Strobe Time3 (MT, MU).
5 R 0 EVENT 4 Event Time4 (ST, SU).
5 W 0 STROBE 4 | Strobe Time4 (ST, SU).
6 R 0 EVENT 5 Event Time5 (MSH, MST).
6 W 0 STROBES5 | Strobe Time5 (MSH, MST).
7 R 0 EVENT 6 Event Time 6 (MSU, USH).
7 W 0 STROBE 6 | Strobe Time 6 (MSU, XX).
8 R 0 EVENT 7 Event Time 7 (UST, USU).
9 R 0 EVENT 8 Event Time 8 (NSH, XX).
A R/W UNLOCK Lockout Release / Capture Time.
B R/W 0 ACK Data Acknowledge.
C R/W 0 MASK Interrupt Mask.
D R/W 0 INTSTAT Interrupt Status.
E R/W FIFO FIFO Input / Output.
F R/W 0 PAGE Page Select.

Datum Inc

bc620AT Time and Frequency Processor
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Table 3-3

Time Data Format (Time, Event,

TIME Time Data (Packed BCD Format)
REGS

7 6 5 4 3 2 1 0
TIMEO Status Bits. Days Hundreds.
EVENTO
TIMEL .
EVENTL Days Tens. Days Units.
TIME2
EVENT2 Hours Tens. Hours Units.
STROBE2
TIME3
EVENT3 Minutes Tens. Minutes Units.
STROBE3
TIME4
EVENT4 Seconds Tens. Seconds Units.
STROBE4
TIMES
EVENT5 Milliseconds Hundreds. Milliseconds Tens.
STROBES
TIMEG - _ Microseconds Hundreds
EVENT6 Milliseconds Units.
STROBES6 (not used for STROBES).
TIME7 Microseconds Tens. Microseconds Units.
EVENT7
EVENTS Nanoseconds Hundreds. Undefined.

3-6
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Table 3-4
CRO Control Register
Bit Name Function
0 | LOCKEN Capture Lockout Enable.
O=Disable.  1=Enable.
1 | HBEN Periodic Time Capture Enable.
0=Disable. 1=Endble.
2 | EVSENSE Event Input Active Edge Sdlect.
O=Risngedge. 1=Fdlingedge.
3 | EVENTEN Event Input Time Capture Enable.
0=Disable. 1=Enable
4 | STREN Time Coincidence Strobe Output Enable.
0=Disable. 1=Enable.
5 | STRMODE Time Coincidence Strobe Mode Sdlect.
0= Mgor/Minor. 1= Minor Only.
6 | FREQSELO Output Clock Frequency Select.
00 =10 MHz.
01= 5MHz
1IX = 1MHz
X = don't care.
7 | FREQSEL1

3.1.3 CROCONTROL REGISTER 0 (PAGE 1)

CRO controls various functions on the TFP; event time capture, periodic time capture, time capture
lockout, event input sense, strobe output, strobe mode, clock frequency output. Table 3-4 summarizes
the function of each bit in CRO. Each hit is described below.

LOCKEN

Enables/disables the time capture lockout feature,

HBEN

Enables/disables time capture by the periodic heartbeat pulse generated by the TFP.

EVSENSE

Sdects the active edge for the externa event input sgndl.

EVENTEN

Enables/disables time capture by the externa event input Sgnd.

Datum Inc

bc620AT Time and Frequency Processor

3-7



CHAPTER THREE

STREN
Enables/disables the time coincidence strobe output. When disabled, the strobe output is aways low.

STRMODE

Selects the mode of operation for the time coincidence strobe. “Mgor/Minor” mode generates an
output pulse when both the mgor time (hours - seconds) and the minor time (milliseconds) match the
programmed strobe time (STROBEZ2 - STROBES6). “Minor Only” mode generates an output pulse
when the minor time matches the programmed strobe time (i.e. once per second).

FREQSELO,1
Selects one of three clock output frequencies. The output frequency is either 1, 5, or 10 MHz.

3.14 EVENTO- EVENT8 TIME CAPTURE REGISTERS (PAGE 1)

The EVENTO - EVENTS regigters hold time which has been captured in response to the active edge of
the externd event input the programmable periodic output, or abus time request accomplished by
writing to the UNLOCK regigter. Timeis captured only when the capture sources (i.e. externa event
or periodic) are enabled with Bits 1 and 3 of CRO. This set of time capture registersis completely
separate from the TIMEO - TIMEY registers on page 0. Timeis captured to aresolution of 100
nanoseconds. The time capture lockout feature preventsthe EVENTO - EVENTS registers from being
overwritten with a new time before they can be read (See Section 3.2.3.3). Table 3-3 showsthetime
data format for these regigters.

3.1.5 UNLOCK REGISTER (PAGE 1)

To release the time capture lockout mechanism, the UNLOCK register isread. The dataread from
UNLOCK isundefined.

A writeto the UNLOCK regigter latchestimein the EVENTO - EVENTS8 registers. The data written
to the UNLOCK regigter isinggnificant. This feature allows two independent times to be captured via
the PCbus by the host CPU

3.1.6 ACK REGISTER (PAGE 1)

The ACK data acknowledge register provides a means for acknowledging a data transfer to/from the
TFP viathe FIFO interface, provides a mechanism for clearing the output FIFO and provides a 1pps
flag bit. Table 3-5 summarizes the function of each bit in the ACK regider.

FIFO RX (Bit 0)

The 620AT acknowledges receipt of avdid input FIFO data packet by setting thisbit. The user is
responsible for clearing the bit before ingtructing the TFP to take action on the FIFO data. (Refer to bit
7).
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1pps (Bit 1)
Thisbit is sat by the TFP once each second with the rising edge of the on-time 1pps output pulse. The
user isrespongble for clearing the bit.

FIFO RDY (Bit 2)
The 620AT setsthis bit when an output FIFO data packet is ready to be read by the hogt.

EF/CLR FIFO (Bit 4)
A read of this bit returns the output FIFO empty flag status. When reading data from the FIFO this bit
is monitored to insure al the FIFO dataisread. Thebit is clear (zero) when the FIFO is empty.

Writing aone to this register bit clears the output FIFO of al data and sets the empty flag to zero.

FIFO PACKET RDY (Bit 7)
Writing a one to this bit causes the TFP to take action on the input FIFO packet data.

Note Acknowledge register bits 0, 1, 2 are cleared by writing aoneto that bit location. For
example, writing the value 0x01 to ACK will clear bit 0 and leave bit 1 unatered. Writing the
vaue 0x03 to ACK will clear both bit 0 and bit 1.

Table3-5
ACK Acknowledge Register

bit# | CONTROL | FUNCTION (SET="1" =highvoltage CLEAR="0" = low voltage).

0 TFP SETS bit to acknowledge the receipt of avaid input packet from host.
HOST CLEARSbit by writing to thisregister with bit 0 SET.

1 Reserved.

2 TFP SETS bit when output FIFO contains a data packet.

HOST CLEARSbit by writing to thisregister with bit 2 SET.
Thisbit can generate an interrupt. (See Section 3.1.7.)

3 Reserved.

4 TFP SETShit if output FIFO contains data. CLEARS hit if output FIFO empty.
HOST CLEARS output FIFO by writing to thisregister with bit 4 SET.

5 Reserved.

6 Reserved.

7 HOST | Must writetothisregister with bit 7 SET to cause TFP to take action

on the data packet previoudy written to the input FIFO.
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3.1.7 MASK INTERRUPT MASK REGISTER (PAGE 1)

The TFP supports five sources of interrupts as listed in Table 3-6. The MASK regigter is used to
enable the interrupt source to generate a PCbus interrupt. When the interrupt source is enabled a
PChus interrupt will be generated any time the corresponding interrupt status bit (INTSTAT) transtions
fromaOto1l. A 1enablestheinterrupt source, and a0 disablesit. Bit O corresponds to interrupt
source O, bit 1 to interrupt source 1, etc. Only bits0 - 4 are used, bits 5 - 7 are ignored during writes
and undefined during reeds. The interrupt level select jumper (JP1) must be ingtdled before an interrupt
can be generated by the TFP to the desired IRQ. See Table 6-2 for the proper JP1 setting.

Note After programming the MASK regider, it is norma programming practice to clear the
repective INTSTAT bit to arm the interrupt. Interrupts will not occur unlessthe INTSTAT bit
trangtions from a0 to a 1 while the respective MASK hit is set.

3.1.8 INTSTAT INTERRUPT STATUSREGISTER (PAGE 1)

Each of the five interrupt sources will set the corresponding INTSTAT register bit to 1 when activated.
The INTSTAT bitswill be set even if the corresponding MASK bit iscleared. The INTSTAT register
dlows palling of the interrupt sources and natifies the user about which interrupt source(s) generated the
PCinterrupt. INTSTAT bits O - 4 are cleared by writing to the INTSTAT register with the
corresponding hit(s) set. Only bits0 - 4 are used, bits 5 - 7 are ignored during writes and undefined
during reads. Thisregister is mapped identicaly to the MASK regider.

Table 3-6
bc620AT Interrupt MASK/INTSTAT Register Bit Map
Sour ce Of Interrupt
Externa event input has occurred.
Periodic pulse output has occurred.
Time coincidence strobe has occurred.
The one pulse per second (1pps) output has occurred.
A data packet is available in the output FIFO.

Bit# | |

>
=4
I+

AWIN |-
ArIWIN|F|O
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3.1.9 FIFO REGISTER (PAGE 1)

The TFP uses two FIFO (Firgt-In First-Out) buffers; one to hold data packets written to the TFP for
Setting time, setting the programmable periodic rate, etc. (Input FIFO); and one to hold data packets
from the TFP (Output FIFO). Each FIFO holds up to 512 bytes of data.

3.1.10 STROBE2 - STROBE6 TIME COINCIDENT STROBE REGISTERS (PAGE 1)

STROBEZ2 - STROBES regigters hold the time coincidence strobe time from hours through
milliseconds. Table 3-3 shows the time data format for these registers.

3.2 FUNCTIONAL DESCRIPTION
This section provides a description of how to use these registers to achieve the desired function.
3.21 CHANGING THE ACTIVE PAGE

To access the page O registers write 0x00 to PAGE. To access the page one registers write 0x01 to
PAGE. The respective PAGE registers will be active until the PAGE register is changed.

3.2.2 READING TIME ON DEMAND

A read of the TIMEREQ register will latch the current time (days through microseconds), and thistime
will remainin the TIMEO - TIMEY registers until a subsequent read of TIMEREQ. The TIMEO -
TIMETY regigters can be read immediately after reading TIMEREQ.

A second bustime request is supported with the EVENT time capture registers. A write to the
UNLOCK regigter latches time (days through 0.1 microseconds) in the EVENTO - EVENTS regiders.
The EVENTO - EVENTS registers can be read immediately after writing the UNLOCK regigter.

3.23 EVENT TIME CAPTURE

The EVENTO - EVENTS regigters are used to hold time which has been captured in response to the
active edge of the externa event input, the programmable periodic output, or awrite to the UNLOCK
register. Aswiththe TIMEO - TIMEY registers, the EVENTO - EVENTS registers can be read
immediately after the event has occurred.
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3.23.1 EXTERNAL EVENT INPUT

The externd event input provides ameans of capturing time based on an event that occurs externaly to
the TFP. Usethe EVENTEN bit (CRO hit 3) to enable the externd event time capture. Usethe
EVSENSE bit (CRO hit 2) to select the active edge. When the active edge of the externa event input
occurs, INTSTAT bit O will be set, and if MASK hit Oisset aPC AT bus interrupt will be generated.

3.2.3.2 PROGRAMMABLE PERIODIC OUTPUT

The programmable periodic output will capturetimein the EVENTO - EVENTS8 regigersif the HBEN
bit (CRO bit 0) isset to 1. When the rising edge of the periodic output occurs, INTSTAT bit 1 will be
s, and if MASK bit 1isset aPC AT bus interrupt will be generated. The periodic output rate is
programmable over the range from 2.5 MHz to 2.3 MHz.

3233 TIME CAPTURE LOCKOUT

Time capture lockout is used with the event capture registers to prevent them from being overwritten
before they can beread. Thelockout (if enabled) will dlow acapture signa (externd event or periodic)
to capture time once, then subsequent capture sgnals will be blocked until the lockout isreleased. The
lockout is released by reading the UNLOCK register. The time capture lockout feature is enabled with
LOCKEN (CRO hit 0).

A write ingruction to the UNLOCK register will latch time in the EVENTO - EVENTS8 regigers.
3.24 TIME COINCIDENCE STROBE OUTPUT

The TFP provides atime coincidence stirobe output which generates a one millisecond wide pulse (risng
edge on time) at the time set in the STROBE2 - STROBES registers. Use STREN (CRO hit 4) to
enable/disable the strobe output pulse. When changing the STROBEZ - STROBES regigters, the
strobe output should be disabled to prevent false strobe outputs. The strobe can be operated in one of
two modes. “mgor/minor” mode or “minor only” mode. In mgor/minor mode, the strobe output pulse
occurs when the time matches both the programmed mgjor time (hours - seconds) and the programmed
minor time (milliseconds). In minor only mode, the strobe output pulse occurs once per second when
the time matches the programmed minor time. The rising edge of the strobe will set INTSTAT hit 2,
and if MASK bit 2isset aPC, AT businterrupt will be generated.
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3.25 FIFO INTERFACE - PROGRAMMING THE BC620AT

Reads cycles take data from the output FIFO. Writes cycles place datainto the input FIFO. Both the
input FIFO and the output FIFO may be accessed at offset OXOE of register PAGE 1. Each FIFO has
adepth of 512 bytes.

Daamust be written to and read from the FIFO in the following data packet format:

byte 1 0x01 header byte (ASCII SOH).
byte 2 “A” through“Z” idbyte.
byte 3 Dataalways ASCII (i.e. 0 = 0x30).
byte 4 Data.

: . The number of data bytes varies.
byte N Data.

byte N+1 0x17 tail byte (ASCII ETB).
See Chapter Four for a description of the available FIFO data packets and programming protocol.
3.3 PC AT INTERRUPTS

The TFP supports the five interrupt sources listed in Table 3-6. Interrupts are maskable with the
MASK register. When multiple interrupt sources are enabled in the MASK register, the interrupt
service routine can read the INTSTAT register to determine which interrupt source(s) caused the
interrupt. Interrupt source activity can be polled by disabling interrupts (MASK register = 0) and then
reading the INTSTAT register to determine when an interrupt signd is activated. The interrupt jumper
JP1 on the TFP dlows interrupt level selection. The TFP supports interrupt levels IRQ3-7, IRQ9-12,
and IRQ14-15.
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FIFO DATA PACKETS

4.0 GENERAL

Communication with the bc620AT Time and Frequency Processor (TFP) is performed using byte seria
data packet protocol. The packet bytes are read from and written to the TFP using eight bit data
trandfers at offset OXOE of PAGEL. Following is adescription of the available TFP FIFO data packets
and the programming protocol.

4.1 WRITING DATA PACKETS

The following steps should be followed when loading data packets to the TFP. Failure to perform one
or more of these steps correctly is a common reason for customer support calls.

Write the packet to the input FIFO.

Clear bit zero of the ACK register by writing 0x01 to the ACK regigter.

Inform the TFP that an input packet is available by writing 0x80 to the ACK regider.
The TFP will st bit zero of the ACK register when the packet is processed.

When the host sets bit 7 of the ACK register and an interrupt is generated to the TFP CPU, the TFP
service routine performs minimalist packet integrity checking. The THP checks that the first packet byte
iSOx01 (ASCII SOH). If the SOH isfound, the TFP loads FIFO datainto an input buffer until abyte
vaue of 0x17 (ASCII ETB) isfound. The packet isthen processed in accordance with the idbyte
vaue. When processing is complete the TFP sets bit 1 of the ACK regigter, clears the input FIFO, and
resumes its previous task. If an SOH is not the first packet byte or if more than 40 bytes are read
before encountering an ETB or if the idbyte vdue isinvdid, then TFP clears the FIFO, sats bits 1 of the
ACK regigter, and resumes its previous task.

A demondration program written in the “C” language is provided with the disk accompanying the TFP.
This program demonstrates the use of the primary data packets described below.

4.1.1 PACKET “A” - SELECT OPERATIONAL MODE

This packet contains a single data byte defining the operationa mode of the TFP. Five operationa
modes are supported, modes 0, 1, 2, 3, and 4 corresponding to ASCII data bytes“0,” “1,” ... “4.”
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MODE 0

TIME CODE DECODING MODE

The TFP uses an input time code as the timing reference. The following codes are supported (see
packet “H”): IRIG A, and B; 2137, XR3; and NASA36. Both modulated carrier and DC leve shift
formats are supported (DC leve shift is not supported for 2137 or XR3 codes). The TFP locksits
crysta oscillator to the input code rate. The oscillator has a control range of +/- 30 PPM for the
gtandard VCXO version, and £ 2 PPM for the optional oven (OCXO) version. If theinput codeis
outside these limits the TFP will exhibit periodic dips (i.e, if the TFP reference deviates from the input
source by more than £+ 1 millisecond aforced jamsync is performed). If the input codeislost or
removed the TFP will continue to “flywhed” at the last known code rate. Typica accuracy islessthan
five partsin 10E7 (two milliseconds of drift per hour).

MODE 1

FREE RUNNING MODE

Thismode is virtudly the same as mode 2. Without a 1pps input the TFP runs at the last known
oscillator frequency. Mgjor time can be set with the “B” packet. The TFP time base can be adjusted
with packet “D.”

MODE 2

EXTERNAL 1PPSMODE

The TFP synchronizes to the externd 1ppsinput Sgnal. Mgor time can be loaded with the “B” packet.
The acquisition range is the same as described in mode O.

MODE 2 is used when a primary time standard such as a GPS receiver isavailable. Inthiscasethe
1pps output of the standard is input to the TFP.

MODE 3

REAL TIME CLOCK MODE

The TFP synchronizes to a 1pps signd from the on-board red time clock (RTC) IC, and the mgor time
isaso derived from the clock IC. The RTC is battery backed. This mode is not recommended when
using the oven oscillator because the accuracy of the RTC is not high enough to ensure that the oven will
be able to track it with dippage. See Mode 0 description.

MODE 4
GPSMODE (bc627AT GPS Satellite Recelver)
This optiona modeis discussed in the bc627AT GPS Satellite Receiver Addendum User’s Guide.

The bc620.c file has an example function, mode(), which sets the TFP operationa mode as described
above.
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4.1.2 PACKET “B” - SET MAJOR TIME

TFP Modes 1 and 2 require the mgjor time to be input using this data packet. Modes0, 3 and 4
acquire mgjor time from their respective time sources.  Set timein Mode 3 with Packet “L.” Packet
“B” can be used to load time in any mode when the TFP isflywheding. The datafield of this packet
congsts of nine ASCII time digitsin the order of seconds through days as follows:

byte 1 SOH.

byte 2 “B.”

byte 3 Seconds Units.
byte 4 Seconds Tens.
byte 5 Minutes Units.
byte 6 Minutes Tens.
byte 7 Hours Units.
byte 8 Hours Tens.
byte 9 Days Units (JAN 1 =DAY 001).
byte 10 Days Tens.
byte 11 Days Hundreds.
byte 12 ETB.

The following paragraphs are about timing. This information should be well understood to avoid
problems loading the mgjor time.

The TFP firmware partitions each one second epoch into 30 periods plus afractiond period. Each
period is 65536 counts of a2 MHz clock. If the 2 MHz clock was perfect and the one second epoch
was perfect then the number of countsin the one second epoch would be exactly two million. There
would be thirty periods plus aremainder of 33920 counts.

For now it isimportant to know that the bc620AT increments, and then transfers mgjor time, from a
software buffer to a set of hardware latches on the 29th period of the interna counter. The time loaded
into the latches will be the mgor time used for the next one second epoch (i.e. the next 1pps pulserisng
edge transfers the time loaded at the 29th period to a second set of latches that are used for the mgjor
time reference). This double buffering gpproach ensures that the mgjor and minor times are completely
coherent, and that no ambiguities occur during the 1ppstrangtion. What doesdl this mean? When
loading the mgor time observe the following rules

If timeis loaded before 29/30 into the second then the loaded time should reference the current
epoch. (Recal the bc620 increments major time before downloading to the hardware latches.)

If time isloaded after 29/30 into the second then the loaded time should reference the following
epoch.
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Avoid loading mgor time near 29/30 into the second for obvious reasons.

The loaded time will not be output by the bc620 at the next 1pps on-time mark. So don't expect
your download to be used before the appropriate 1pps occurs.

The bc620.c file has an example function, load_clock(), which sets the time as described above.
4.1.3 PACKET “C” - COMMAND INPUT

This packet alows the user to exercise some direct control of the bc620 firmware. Five commands are
supported at thistime. These are:

“1” WARMSTART - Perform aresat without variable initidization. (Defaults not
loaded.)

“2 RESET - Same as power on reset.

“3> JAMSYNCH - Forcesminor time to jam to zero on the next 1pps pulse.

“qr IJAMSYNCH - Disable any pending jamsynch.

“5" Sync RTC - Synchronizes the battery back RTC IC timeto current TFP time.

Commands three and four are provided for advanced users who may need to exercise control over the
normal flow of the bc620 firmware. Issuing ajam sync can be useful when using an externd fixed
oscillator that can not be disciplined. Command four has no known useful purpose. It wasinitidly
implemented during the TFP checkout phase and has not been removed.

The bc620.c file has an example function, command(), which downloads a command as described
above.

4.14 PACKET “D” - LOAD THE D/A CONVERTER

The TFP disciplines areference oscillator using a DC control voltage which is the buffered output of a
16 bit D/A converter. Thisvoltageisrouted to an on board 10 MHz VCXO and to pin#1 on rear
pand connector J1 to discipline an externa oscillator. The control equations are compatible with
virtualy any oscillator which has a positive voltage versus frequency control characteristic (increasing
voltage = increasing frequency).
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The TFP divides the reference frequency input (whether input from an external 10 MHz source or the
on-board 10 MHz VCXO) to produce a 1pps pulse. This pulse is compared to the reference 1pps
epoch which is derived from the selected time reference (i.e., time code, externa 1ppsetc.). The D/A
voltage is adjusted to steer the 1pps derived from the voltage controlled oscillator into phase coherence
with the reference 1pps.

Some users may wish to control the D/A converter directly. Packet “D” is provided for this purpose.
The format isasfollows:

byte 1 SOH.

byte 2 “D.”

byte 3 ASCII “0" - “F’ (bits 12 through 15)..
byte 4 ASCII “0" - “F" (bits 8 through 11).
byte 5 ASCII “0" - “F" (bits4 through 7).
byte 6 ASCII “0" - “F (bits 0 through 3).
byte 7 ETB.

The bc620 firmware routines which normaly load the D/A (i.e. disciplining) must be disabled using the
path packet “P’ to prevent the bc620 from overwriting the data input with this packet (*D”).

The bc620.c file has an example function, preset DA(), which presets the D/A as described above.
415 PACKET “F’” - HEARTBEAT (PERIODICS) CONTROL

The programmable frequency output is avery powerful bc620AT feature. Feedback from the users of
other board level products motivated the incluson of a very comprehensive periodic programming
capability. Ratesfrom 2.5 MHz to 2.3 MHz are easly achieved.

The heartbeat engine of the bc620AT congists of two sections of an INTEL 82C54 programmable
interva timer connected in a serid configuration and driven by the TFP 10 MHz reference. Gluelogicin
one of thelogic cdl arrays supports both synchronous (with the 1pps epoch) and asynchronous
operation. It ishelpful (athough not essentid) to read the INTEL data sheet on the 82C54. Packet “F
alows the user complete access to the serid counters using standard INTEL loading protocols.
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Two counter modes are supported; 1pps synchronous and asynchronous. It isthe respongbility of the
user to select the appropriate mode. No error checking is performed by the bc620AT firmware. The
synchronous mode should only be selected if the number of output counts per second is an integer. If
the number of counts per second is not an integer then the asynchronous mode should be used. The
number of counts per second is dways of the following form:

N =(10,000,000) / (N1 * n2)

where: N = counts per second
nl = Counter #1 divide
n2 = Counter #2 divide

The range of values for Counter #1 and #2 is mode dependent as follows.

Asynchronous Mode: 2 to 65535
SynchronousMode: 3 to 65535

* * * WARNING * * *

Periodic heartbeat pulsefinterrupt generation can not be guaranteed in synchronous mode when counter
divide values of two are used.

The two modes of operation are accessed using slandard INTEL mode identifiers. For synchronous
operation the mode byte must be an ASCII “5.” For asynchronous operation the mode byte must be
an ASCII “2.” The packet format is asfollows:

byte 1 SOH.

byte 2 “F

byte 3 ASCII “2" (asynch) or ASCII “5” (synch).
byte 4 ASCII “0" - "F (nl bits 12 through 15).
byte 5 ASCII “0” - "F’ (nl bits 8 through 11).
byte 6 ASCII “0” - "F’ (nl bits4 through 7).
byte 7 ASCII “0” - "F’ (nl bits 0 through 3).
byte 8 ASCII “0” - "F’ (n2 bits 12 through 15).
byte 9 ASCII “0” - "F" (n2 bits 8 through 11).
byte 10 ASCII “0” - "F (n2 bits 4 through 7).
byte 11 ASCII “0” - "F" (n2 bits 0 through 3).
byte 12 ETB.
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* * * |MPORTANT * * *

When Mode 5 is used, the vaue of n1 and n2 produced by the 82C54 hardware is n1+1 and n2+1.
Thisisaresult of theway INTEL designed the 82C54, and is unrelated to our design.

Example: It isdesired to implement 20000 counts per second synchronous with the 1pps.

mode = “5’ (synchronous)
nl+l = 10
n2+1 = 100 (10,000,000) / (10 * 100) = 10000

Other vaues of (n1+1) and (n2+1) could have been used.
For example, (n1+1) = 25 and (n2+1) = 40.

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte 11 “3" (n2 =99 = Ox63).
byte 12 ETB.

f:

OCQoooum

: (mode).

‘g (n1=9).

O o0O~NO UL WNPE

o
o
o O

The bc620.c file has an example function, load _82C54( ), illugtrating the use of this packet.
4.1.6 PACKET “G” - PROPAGATION DELAY OFFSET CONTROL

It isfrequently desirable to be able to program an offset into the basic timekeeping functions, relaive to
the reference input. For example, if the reference input is IRIG B test range time, there may be a
sgnificant cable propagation delay between the IRIG B source and the bc620. This delay may be
removed by smply advancing the bc620AT from the reference by the known delay. The offset is
programmable in steps of one-hundred nanoseconds (7 digits plus the sign byte spans a one second
range).

Datum Inc bc620AT Time and Frequency Processor 47




CHAPTER FOUR

The packet format is asfollows:

byte
byte
byte
byte

by'te
byte

SOH.

“G'”

ASCII “£” (advancefretard).

ASCII “0" - "9 (mogt sgnificant digit).

A WN P

10  ASCI“0’ - "9’ (least significant digt).
11 ETB.

* % * WARNING * * *

If offsets larger than +/- 990 microseconds are used, then the TFP jamsynch festure must be turned off
using packet “P.” The reason for this requirement is that under norma operation if a difference between
the reference time and the TFP time is detected to be greater than +/- 1 millisecond the TFP time base

is“jammed” to the reference time so that a lengthy steering process is avoided.

417 PACKET “H” - SET TIME CODE FORMAT FOR MODE 0

Packet “H” dlowsthe host to select the format and modulation type. The packet format is as follows.

The time code format and modulation vaues are maintained in battery backed RAM.

byte
byte
byte
byte
byte

SOH.

“H
Format.
Modulation.
ETB.

a b wN Pk

Format Choices

“p”
.
“cr
“N”
e

IRIG A.

IRIG B.

2137 (XR3 with 100 Hz symboal rate).
NASA36.

XR3 (25 Hz symboal rate).
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M odulation Choices
“M”  Amplitude modulated sSnewave.
“D”  Pulse code modulation (DC levd shift).
DC leved shift not is supported for 2137 and XR3 codes.

4.1.8 PACKET “I” - CLOCK SOURCE SELECT
Packet “1” is used to select the clock source for the TFP. The TFP uses a frequency of 10MHz for all

timing functions. The 10MHz be may derived from the TFP VCXO or it may be supplied from an
externa oscillator via JL pin#l. The packet format is asfollows:

byte 1 SOH.

byte 2 “l.”

byte 3 “E” or“I” Externd or Internd.
byte 4 ETB.

On power on the TFP aways defaults to the interna oscillator selection.

4.19 PACKET “J” - SEND DATA TO THE GPSRECEIVER (bc627AT only)
The format and content variations are discussed in a separate User's Guide.

4.1.10 PACKET “K” - SELECT GENERATOR CODE

The time code generated by the TFP is selected by packet “K.” Only two options are available as
described below. The generator code type is maintained in battery backed RAM.

byte 1 SOH.
byte 2 “K.
byte 3 Code.
byte 4 ETB.
Code Options

“B”  Generate IRIG B amplitude modulated and DC leve shift.
“H”  Generae|RIG H DC levd shift only.

Datum Inc bc620AT Time and Frequency Processor 49



CHAPTER FOUR

4.1.11 PACKET “L™

-SET REAL TIME CLOCK

This packet |oads the battery backed red time clock 1C which is used as the source of mgjor time and
1pps epoch when mode 3 is selected. The format follows:

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte

OO NS, WNPEF

el ol ol el
a P WDNERO

SOH.

“

Years Tens.

Y ears Units.
Months Tens.
Months Units (January = month 1).
Day of Month Tens.
Day of Month Units.
Hours Tens.

Hours Units.
Minutes Tens.
Minutes Units.
Seconds Tens.
Seconds Units.

ETB.

Asusud dl dataisinthe ASCII format. The TFP need not be in Mode 3 when packet “L"" is

downloaded.

4.1.12 PACKET “M” - LOCAL TIME OFFSET SELECT ( bc627AT GPS Mode 4 Only)

This packet dlows time to be maintained with an hour offset. This Stuation usualy arises when the
source of timeisinaUTC (Universd Time Coordinated) format and the loca time is required from the
TFP. The offset only gppliesto the hours digits. The format is asfollows:

byte
byte
byte
byte
byte
byte

OO WN R

SOH.

“M "

Sgn ‘4 or ¢,
Hours Tens.
Hours Units.

ETB.

A postive sign isfrom the prime meridian heading East, and a negetive sgn is used from the prime
meridian heading West. For example, Eastern Standard Time would be -05 relative to UTC.
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4.1.13 PACKET “O” - REQUEST DATA FROM THE bc620AT

This packet is used to request data from the TFP which is not available viathe register interfaces. It was
added primarily to dlow the user to verify the integrity of the programmed setup data. This packet has
been created with a very extensble format, and additiond datawill be made avallable as customer
needs and suggestions are addressed.

The TFP sgnals a packet ready condition by setting bit2 in the ACK regigter. It isthe responshility of
the host to clear thisbit by writing to the ACK register with bit2 st.

Note Theuser isadvised agang repetitively issuing Packet “O” to the TFP. Processing
overhead is introduced to the TFP on-board CPU which could momentarily disrupt time
keeping.

The packet format follows:

REQUEST FORMAT
byte 1  SOH.

byte 2 “O"  (Upper case letter).
byte 3 “O"or“1” or“2”
byte 4 ETB.

RESPONSE FORMAT “0" REQUEST RTC TIME (see Packet “L"")

byte 1 SOH.

byte 2 “o” (Lower case |etter).
byte 3 “0"  (ASCII zero).
byte 4 Years Tens.

byte 5 Y ears Units.

byte 6 Months Tens.

byte 7 Months Units.

byte 8 Day of Month Tens.
byte 9 Day of Month Units.
byte 10 Hours Tens.

byte 11 Hours Units.

byte 12 Minutes Tens.

byte 13 Minutes Units.

byte 14 Seconds Tens.

byte 15 Seconds Units.

byte 16 ETB.
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RESPONSE FORMAT “1" REQUEST CURRENT D TO A VALUE

(See Packet “D”)

byte 1 SOH.

byte 2 “0” (Lower case letter).
byte 3 “1”

byte 4 “‘0" - “F bits12-15.
byte 5 “0" - “F bits08-11.
byte 6 “0” - “F bits04-07.
byte 7 “0" - “F" bits00-03.
byte 8 ETB.

RESPONSE FORMAT “2" REQUEST LEAP SECONDS
(currently GPS specific)

byte 1 SOH.

byte 2 “0” (Lower case letter).
byte 3 “2.

byte 4 Leap Second Tens.
byte 5 Leap Second Units.
byte 6 ETB

412
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FIFO DATA PACKETS

RESPONSE FORMAT “3" REQUEST PROGRAMMABLE DATA

byte 1 SOH.
byte 2 “0"”  (Lower case letter).
byte 3 “3
byte 4 Mode (SeePacket“A”).
byte 5 Time Format (See Packet “H”).
byte 6 Time Code Type.
byte 7 Generator Format (See Packet “K”).
byte 8 Peth Byte (High nibble) (See Packet “P).
byte 9 Peth Byte (Low nibble).
byte 10 Locd Time Offset (Sign) (See Packet “M”).
byte 11 Locd Time Offset (Hours Tens).
byte 12 Locd Time Offsat (Hours Units).
byte 13 Propagation Delay Offset (Sign) (See Packet “G”).
byte 14 Propagation Delay Offsat (Millisecond Hundreds).
byte 15 Propagation Delay Offset (Millisecond Tens).
byte 16 Propagation Ddlay Offset (Millisecond Units).
byte 17 Propagation Delay Offset (Microsecond Hundreds).
byte 18 Propagation Delay Offset (Microsecond Tens).
byte 19 Propagation Delay Offset (Micrasecond Units).
byte 20 Propagation Delay Offset (Nanosecond Hundreds).
byte 21 Heartbeat Mode (See Packet “F’).
byte 22 Heartbeat Cntl (Bits 12-15).
byte 23 Heartbeat Cntl (Bits 08-11).
byte 24 Heartbeat Cntl (Bits 04-07).
byte 25 Heartbeat Cnt1 (Bits 00-03).
byte 26 Heartbeat Cnt2 (Bits 12-15).
byte 27 Heartbeat Cnt2 (Bits 08-11).
byte 28 Heartbeat Cnt2 (Bits 04-07).
byte 29 Heartbeat Cnt2 (Bits 00-03).
byte 30 ETB.
Datum Inc bc620AT Time and Frequency Processor 4-13
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RESPONSE FORMAT “4” REQUEST bc620AT MODEL & VERSION

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte

O o0 ~NO UL WNPE

PR RPRRRRERRRRE
oCo~NOOOPd,WDNEO

SOH.

“0” (Lower case letter).

o
Modd 1 (“b").
Modd 2 (“c").
Moddl 3 (“6").
Modd 4 (“2").

Modd 5 (“0",'7).

Mode 6 (“A”).
Modd 7 (“T").
Mode 8 (“-").
Vesonl1 (*9).
Verson 2 (*57).
Verson 3 (*07).
Veson4 (“0” to
Veson5 (0" to
Verson 6 (“0” to
Veson7 (0" to
ETB.

“9").
“9").
“9").
“9").

RESPONSE FORMAT “5”" REQUEST YEAR (currently bc627AT GPS specific)

byte
byte
byte
byte
byte
byte
byte
byte

O~NO O, WN PR

SOH

“5.

Y ear Thousands.
Y ear Hundreds.
Year Tens.

Year Units.
ETB.

“0” (lower case |etter).

4-14
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FIFO DATA PACKETS

4.1.14 PACKET “P” - PATH SELECTION

The term “path sdection” might more gppropriately be called switch selection or option control. The

purpose of this packet isto create branch pointsin the bc620 firmware. The path packet contains two
data bytes, each byte controls four switches, and each switch is assigned to a particular bit in the lower
4 hits of each byte. The upper four bits of each byte are set to 3. The default settings set dl switchesto
0 except that the diagnostics bit whichisset to 1. The format is asfollows.

Note:

An exampleis provided in bc620.c. The example requires two hexadecima digits to be entered to

byte 1 SOH.

byte 2 “P.r

byte 3 Data A (see below).
byte 4 Data B (see below).
byte 5 ETB.

Data A:

Bit0: 0= disable FIFO echo 1 = enable FIFO echo.

Bitl: 0=UTCTimel = GPSTime<1>.

Bit22 0= Dynamics Codeto Static 1 = Dynamics Code to Non-static <2>.
Bit3: 0= Packed BCD TimeFormat 1 = long second format <3>.

<1> UTCtime = GPStime - GPSlegp seconds. GPS time does not use GPS leagp
seconds.

<2> Auto set of GPS dynamics codeto Static by bc627AT after initidization to GPS.
Allows accurate time keeping without afull pogtion fix for Seationary users.

<3> Mgortimeover PCbusis binary seconds since Jan 6, 1980. Minor time remans
in BCD format.

Bits 1, 2 and 3 of data A apply to Mode 4 GPS only (bc627AT).

Data B:

Bit0: 0 = diagnogticson. 1 = diagnostics off <4>.
Bit1: 0 = legp year Off. 1 = leap year on.

Bit2: 0 = enablejamsynchs. 1 = disable jamsynchs.

Bit3: 0 = enabledisciplining. 1 = disdble disciplining.

<4> Diagnodics fesature ddeted beginning with bc620AT Rev E hardware .

cover the range of possible values 0 to 255.

Datum Inc bc620AT Time and Frequency Processor
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CHAPTER FOUR

4.1.15 PACKET “Q”' - SET DISCIPLINING GAIN

This packet dlows the gain and sense of the disciplining process to be set viathe host bus. Origindly
this feature was used for Datum Inc developmenta purposes, but it could be useful when attempting to
discipline an externad oscillator usng the TFP. The format is asfollows:

byte
byte
byte
byte
byte
byte

OO0k WN R

SOH.

“Q

“0" - “F least dgnificant nibble.

“0" - “F mod sgnificant nibble.

sense “1” = pogtive (default) “0” = negative.
ETB.

4.1.16 PACKET “R” - GENERATOR TIME OFFSET SELECT

This packet alows the time code generator output to be offset from the TFPtime. Thisisuseful, for
example, when UTC time is maintained in the TFP but local time must be generated to other devices
such astime displays. The offset only gppliesto the hours digits. The format is asfollows:

byte
byte
byte
byte
byte
byte

OO WN PR

SOH.

‘R

Sgn "+ or .
Hours Tens.
Hours Units.

ETB.

4-16
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CHAPTER FIVE

PROGRAMMING EXAMPLES
5.0 GENERAL

The example code fragments in this chapter are written in the “C” programming language. A system
dependent base address (BASE) indicates a 16 byte page of memory used in the PC AT 1/0O address
gpace as selected by the SW1 switch settings (SSS).

#def i ne BASE 0xSSS
Thefollowing definitions pertain to FIFO data trandfer:

#defi ne SCH 0x01
#defi ne ETB 0x17

Thefollowing generd definitions aso apply :

#def i ne ACK ( BASE+0x0B)
#def i ne CRO ( BASE+0x00)
#def i ne EVENTO ( BASE+0x01)
#def i ne | NTSTAT ( BASE+0x0D)
#defi ne FI FO ( BASE+0x0E)
#defi ne PAGE ( BASE+0xO0F)
#def i ne TI MEO ( BASE+0x01)

Thefollowing globa variables are dso declared and used throughout this chapter.
char i, dumry, tine[9];

5.1 READING TIME ON DEMAND

The following example reads the time from the TFP registers TIMEOQ thru TIME7 and |oads this data
into the array time] ]. Note that the timeislatched by reading the TIMEREQ regigter, and that the
register isassigned to aglobd variable. In most cases assgnment to a globa avoids the possibility that
the dummy read operation will be removed by an optimizing compiler (beware).

out port b( PAGE, 0x00) ; /* Access PAGEO */
dummy = inportb(BASE+0x00) ; /* latch time */
for(i=0;i<8;i++) time[i]=inportb(TlIMEO+i); /* read the time registers */
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CHAPTER FIVE

5.2 EXTERNAL EVENT TIME CAPTURE

This example sets up the TFP event capture to occur on arisng edge. The time capture lockout
mechanism is aso used.

[* Initidize TFP Event Hardware */
out port b( PAGE, 0x01); /* Switch to PAGEL */

out port b(CRO, 0x09); /* enabl e event and | ockout */
out port b( | NTSTAT, 0x01); /* clear event |NTSTAT bit */

/* Wait for Event and Process Data */

whi | e(! (i nportb(I NTSTAT) & 0x01)); /* wait for event to occur */

for(i=0; i<9; i++) /* read event tine */
time[i] = inportb(EVENTO+i);

dummy = inportb( BASE+0x0A) ; /* rel ease capture | ockout */

out port b(1 NTSTAT, 0x01); /* clear event |NTSTAT bit */

5.3 PROGRAM PERIODIC FREQUENCY OF 1000 Hz

This example uses a generdized send_packet( ) function to program a 1000 Hz output periodic
synchronized to the TFP 1pps epoch.

voi d send_packet (char *charptr)

{
out portb(FI FO, SOH );
whil e(*charptr) outportb(FlIFO, *charptr++ ); /* load body of packet
*/
out portb(FI FO, ETB);
out port b( ACK, 0x81); /* command TFP & cl ear ACK */
whi l e(! (i nportb(ACK) & 0x01)); /* wait for TFP acknow edge */
}

[* Code Fragment which sets Periodic */

send_packet (" F500630063") ; /* 0x0063 = 99 = (100-1) */

54 SET MODE 1AND THE MAJOR TIME

This example sdects the free running mode and sets the TFP mgor time using the “B” packet.

send_packet ("Al"); /* select node 1 */

out port b( 1 NTSTAT, 0x08); /* clear INTSTAT 1 PPS bit */
whi | e(! (i nportb(I NTSTAT) & 0x08)); /* wait for 1 PPS */
send_packet ("B123112233"); /* set the days thru seconds */
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PROGRAMMING EXAMPLES

55 SELECT MODE 0 (IRIG B) AND ADVANCE TFP 25 MILLISECONDS

The following code fragment selects the mode, time code, and offset. Thelast “P’ packet isused to
disable jamsynchs since the required offset is larger than 990 microseconds. Seethe“G” packet
description for additiond details on the jamsynch function.

send_packet ("A0"); /* select node 0 */
send_packet ("HB") ; /* select IRRG B tinme code */
send_packet (" G+0025000") ; /* advance 2.5 mlliseconds */
send_packet (" P04"); /* disable jamsynchs */
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CHAPTER SIX

INPUT AND OUTPUT SIGNALS

6.0 GENERAL

This chapter describes the input/output connectors located on the bc620AT rear pand. The jumper

options are aso described.

6.1 CONNECTOR I/O

The bc620AT has two rear panel connectors, J1 and J2. J1 isa 15 pin DS type connector which

carriesmost of thel/O signals. J2 isahigh density DP type connector used for RS-422 serid 1/0O, and
sgnd lines which accommodate an optional GPS sgna suite for the bc627AT.

Table6-1
J1 Pinouts
SignalsOn J1 15 Pin “DS’ SignalsOn J2 15 Pin “DP”

Pin Signal Pin Signal

1 | Externd 10 MHz input. 1 | RS422 Rx(+).

2 | Ground. 2 | RS422 Rx(-).

3 | Strobe Output. 3 | RS422 Tx(+).

4 | 1pps Output. 4 | RS422 Tx(-).

5 | Time Code Output (AM). 5 | Ground.

6 | Externa Event Input. 6 | Not Used.

7 | Time Code Input (AM). 7 | GPS 1pps.

8 | Ground (Recommended 8 | GPS 1pps RS-422 Rx(+).

Time Code Return).

9 | Oscillator Control Outpuit. 9 | GPS 1pps RS-422 Rx(-).
10 | Time Code Input (DCLS). 10 | Ground.

11 | Time Code Output (DCLS). | 11 | GPSRS-422 Tx(-).

12 | Ground. 12 | GPSRS-422 Tx(+).

13 | 1,5,10 MHz Outpui. 13 | GPS+12VDC.

14 | External 1pps Input. 14 | Ground.

15 | Periodics Output. 15 | GPS+12VDC.

Datum Inc
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CHAPTER SX

6.2 JUMPER SELECTIONS

Refer to Figure 1-1 to locate the Jumpers described below.

Table 6-2
JP1 Jumper Postionsfor PC AT Interrupt
JP1 Position PC at Interrupt
1to2 IRQ15
3to4 IRQ14
5106 IRQ12
7108 IRQ11
9to 10 IRQ10
11to 12 IRQ9
13to 14 IRQ7
1510 16 IRQ6
1710 18 IRQ5
1910 20 IRQ4
21t0 22 IRQ3
* 221023 No IRQ
Table 6-3
JP2 Jumper Positionsfor RS-422 RX 100 OHM Termination
JP2 Position RS-422 Rx 100 W
Termination
*1t02 Terminated.
3to4 No Termination.

* | ndicates factory default position.

6-2
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CHAPTER SEVEN
ADJUSTMENTS

7.0 GENERAL

There are only two adjustments on the bc620AT module, RV1 and RV2. (Seefigure 1-1 for the
location of these potentiometers.)

7.1 TIME CODE PHASE LOCK LOOP ADJUSTMENT

RV 2 adjusts the center frequency of the VCO which locks to the carrier of a modulated input time
code. Thisadjusment is made a the factory and rarely needs adjustment by the customer. This
adjustment can be verified and adjusted correctly using adud trace oscilloscope and a time code inpuit.

Set the bc620AT to Mode O (Packet “A”) and select the agppropriate time code format and
modulation type (Packet “H”).

Connect channd #1 of the oscilloscope to pin #16 of U19 (XR2212). Connect channel #2 of the
oscilloscope to the modulated input time code. Trigger the oscilloscope on the channd #1 input.

Adjust RV2 so that the pogtive trangition of the TTL signd input to channe #1 is centered on the
pogitive crest of the input Snewave. The negative TTL transition should be centered on the most
negative part of the input shewave. See Figure 7-1 below.

Figure7-1
Phase Lock Loop Adjustment

Datum Inc bc620AT Time and Frequency Processor 7-1



CHAPTER SEVEN

7.2 TIME CODE OUTPUT AMPLITUDE ADJUSTMENT

RV 1 adjusts the amplitude of the modulated IRIG B output time code. A vaue of onevolt RMSis
common as is three volts peak-to-pesk on the high cycles. Adjust this value to suit the equipment being
driven. The rangeis zero to twenty-four volts peak-to-peak.

7-2 bc620AT Time and Frequency Processor Datum Inc



CHAPTER EIGHT

DRAWING SET
8.0 GENERAL

This chapter contains the schematic diagram, assembly drawing, and parts list for the bc620AT.

Datum Inc bc620AT Time and Frequency Processor

81



P-0LG8} __ ¥ 40 3 13345

&

GBED 'y 320
HOSSI00Hd AININO3HS § IWIL -
1¥02930 ‘AYHIYIOQ JILVW3HIS -

A

NOISIATO WMOONYS 8" 10298 T4
3u1_unieg 09190

0Ld 9in 2
£d 810 ¥

G8d ¥in 2
28d vin 2

28d ¥r 2 UHS  13S3H0d
08d OFN 2 UHS  QOHdA

€2d BN E “IHS A
¥2d BN E C1HS Fr}
Hs LNIN
“IHS HINAS
“IMS €20
AHS QNSN3
‘LHS 20d
‘IHS EQd
‘4HS vGd
‘1HS 11v8
‘IHS Sdd
Sdd
‘NS 9Sdd

gIn Jo

aagivo [ ©F

B8ld 91N 2 NS L35
e2 sivs oL 4G
sna viva >
k]
on
ovhy 5 ©
J||;_ 90 90/
2vn o ln
Vo1
(2] ELETH
yn
%ﬁﬂ 10 en
yn
e -
ASH
£32 'SIHS 0L M
SN SS3YOaY ]
(2
2d GeN ¥ :LHS 1M05) ]
v2d 0N € :LKS [15} AII.Lm_
6¥d SiN 2 CLKS YN «€——r  00add
2d 9N 2 1K ARY)) €————g  on
vd TIN € [AKS BHIY) ~-——a5
9%2d 1IN € LHS Y0 -—H
02d INE IIMS Wy -—
2d 60 € :IHS R
Bld 80 E IHS 40 --——
£2d OIN € IHS N ]
92d 03N € WS ] s
L
] 1
F] AG+
5] osasine ums s
- LI
2]
-
Adid
SNOISIA3H
—

Mid IId des
N303712HES
a2in

{9d 9In & IHS
Crd PIN 2 UHS 957X

S

300615
ing $720

EJI 153

I [ e

0% o OXd 6id €3N ¥ CLKS
0 3 »20 Ld GIN P LHS
S fgr 31 BN Y (NS

_|' T rd QIN ¥ LHS
— ELHS QN JO d
Md
307d 082

oxL ul OxL Fid @I ¥ (LS

2n
SHVAS YILOH ‘12N 3 LIN (3U0N

5d 91N ¥ WS IS0

el ¥5928 [
[11 ¥ILOH
):m.m 43I0 30 lbvd

o<H

Sid ¥2n £ 1S
7
g
@aoinz 1s & T st [ 10 oom3d
t, w
Ord 9IN 2 IHS  LNEAZ = A = 9 | mana
84 rINZ S 28ag u.qua = vi | ased
T o
At gen 20 1eva
: 7
ldginz uls 03 I e | o4
89d 9IN 2 S 05ad T v | osad
22n Ty

4" 300" H PEGNI %003
91 .—. 2w It

NI 3002 3MIi

i
INIHdd BIE®
.0. oSt




v1v0ed

r-ocsis | v 02 u3ms ogran| o cais ot e e
HDSS30Hd AON3ND3YS 3 IWIL € _:IHS OL 1 iLHS W4
1¥0233_"W3HS 5n8 Y1v0 Sna vavd
HIS' MO9S IS
A sant s
20 old 2N E iHS
Sid LINE NS ZHROE
82d 2N IS dd 04 €d2en NS
Zd BN UMS 95 1 [ Qs bd Nt e
gy LS s 05dd Sd 220 | IHS
B INJAZ rd TN T CLMS E 2
TaSn Y UM S d : mT
pScd - 44 1 LN T NS i —
—L a21- b )
x u /s X = -
3 £ m e mm EEE 2PN vt
= o @ Tov PR oo " "&3
H g Ty |EL_OVN 88s2. % b T
< 2yn [£2 TV 55T TER A2+ b &8
oon {28 V0 -] oon -
BN T S §od iR 1 —1 L S Tan ieg
=~ aon (Or — 100 zan o
o [E2 an o anee 1
gan (2 L 67 T,
son [22 u Amv < 4127 9kd en b oaws
oo | ul 20ud3x |—< oondy o%d ein 1 uKs  Ase €5 |
AR 5 EReTEN] [E= LS 54 2N T UKS "
B WASNT QNASN G2d 25N T CIMS
] T a— §S dI0
I S0d 9 — T
Ve "] 10 Vv NI ¥1Y0 [ 170 V1YO s 5 o1 o | BE8L, [Srof— s
s sl 150 05 0 [siour
sldoine ‘s 29729 ENS or ridl ¢£50 ozf /0 |vinul
914 0In € “us 1107 B0 m“m 5 w"mw 510 O] wn M“HM
ad o e s 1957 19 ans i ofbL w— nmn“ .ln.nlo_gn
TMS _ W _ Er
A0 A Az W : [v2s]
a2 5 L YIOH b o] 128 cou1
oo ] ] o iy sid 2 " fin s lova s §SF 3 "
AggldIN Agp] AL g 420414 v2d 80 € 1S e b R
s 0313 62d B0 € GIWS o o ]res|rout
¥ 0413 2d 80 € 1UHS v2 %]
¥ 0414 8Fd 60 € ‘1MS B8l 3 wW ¥8 | 6061
(242N T NS XINAS e—— YOS =
64 PN E UM X0V e—g YOOV P ] e 008 w 508 11 6vjoa
LS [ S— 7 L] (- S— o 103, 3t g M
8d €20 £ IHS 085 €~——— 015 €a X 08 pr] C T— €0 <08 £} ole
h Eg 9id d0 doot o £0ad 9d dI0 do0t R ) £0ad 9vd d40 doot e £08d 3 MR
Ld EENE IHS o5 g WS 0070d270EIX g0 f—F08d | 00}8d2V0EIX go (68 V083 007BJOEOEIX 50 70 508 —3i] I-vsve v |so
SdENE M 25— s rin ag |2 0o gin o0 (88— 505¢ 910 90 £08d 8 Sw ev [oo
SdZENE UMS  EMS €———ps EuS 40 o6 R 158 708d BJ. 7 0N 2v e
. 02
FENE LS ms e ws o G
BIENE S SHS e—] GUS Ted
2d €20 £ UKS 05 @] 365 ST {
Td E2N E IHS 15 e———g s 4 nmuu
64 ENE U OS5 L00.STO [0 Tov[nar
62d ZI | CAHS £30 >————gr{ NI 5120 [IAY teviov
te KRN MM
[ec| Y EY
) 8 N c2v|oy
%) 0% Sy
av
L5l ovo vey|ey
5¢] ON9 M m MM
v $35xx avlev
ITe ¥ 6d GIN T GIMS  135M0de— 26 |AvD L35
v
€145 01




r-0LGTE _ v 40 € :133HS

883_

HOSSIJ0Hd AININO3S 3 FWIL
102930 ‘W3HIS

———————————————
HOSMET029S 3NM4

Gld 20} CIHS

SRY0 224 2n ¥ CIHS

02d 2N T :lHS

2v0

Fr] 6bd PIN T WS

A0 Bd 2N T WS
_ 297 'SIHS ud

Sng viva

0id G2N ¥ LHS =]

BdSn Y UK O

Vid LIN T IKS

€L4d 9IN 2 'IKS

t4d 9N 2 CUHS

2Ld 9IN 2 iHS
0Ed FIN 2 'IKS

¥ :LHS 0IN J0 idvd

§-9d M 30 1lbYd

INIYdd BIE
-0, oSt

L]

WObd3 d82
862342

A
oo [Fr——aan
& Lo

ovn FeT—vA |
tyn Tyn
ayn 29N
€Yn LTl

o
135 — o
8
AGH p——t—ad
g —1- 5
14 0
9d
== by
d o
Y0 roecior 8
808d
708

FIIOH BOA91 VO

i2n 40 1bvd 8IN 40 lHvd

410 30 1gvd

Agts

“B1,U0) PIS JOJ PATLRISUL ION
u0T300 N3AO-

Td AT

AG+
L
¥IIVQ 61d ¥in 2
-
[E2 ]
=t
(87 ]
m“ oS0 td RN B
e o5 2vd vin 2
S 68d PN 2
s &% Savins
d p
WOHg3 dbe S ord vin 2

gz

65 Erd ¥in e

UHS A

€ :LKS Hi
Sn8 v1v08d

237 'SLHS Hd
SN8 SS3HO0Y

ihs
18




r-ocsii [ v 40 v (L3S 0g70n | o
HOSS3J0Hd AON3NO3Hd 3 W1l _ PR 00V
1¥02990 “N3HIS =
HOS MY 0298 (314 ml—|
ONg |— G
IV A+
W dant ums
@l edant ks
Sid N 2:MS  dOIS — T1eos
T 153 4353 6id 2N T INS
' ' 'y 052 MH”nBB t2d 2n T KS
My
o2y 00
[13
_m " e
pe3IN 222eNe ¥/5UB2rYEIHSH €0 &8
W= 3 Gl
ABP (%] AS+ 0
LU ) € cen ov ovh
o TV
eyn
g€ ve %08 ey eV
e+ 2 T2y A .
o =
, vE
24 2I0 1 WS LLve - - { Ag+ ol
Smmmm HILIMSA0d ] ON9
0E03XY e
T N G | A 2T+
.| eseres .
_/ 3 cl (+) X17Sd9
¢ _\v 5 B | (XS
28d ¥in 2 i PSdd gen -
© P 6 | (-)5Sddi"sdg
7
_ <1 ! -
. ] 001 Jed e {+) Sddi™ Sd9
ted vin 2 s 3Sdd 5 T ._-. .ﬁh PN _ A 62
V10K _ I3 & -
12N 0 1uvd R [4 Sdd¥ Sd9
AS+
= 9
2d 20 § NS = ) .
0Ed 26N T IIKS lem:mn v (-)x1
234 030 § C14S dllllllu
IS0 OFd F2N kS .I.* W (+) x4
€
s
Bl 2N 3 UM 2l 2Nt s
2d 2in ks Oxd =g w4 eeacini s \.m:\. Z ' 2 |
vad ¥zd 2N T NS 3 I
~—+ (AN CET
AS+
»m 00} €64 ° zw 2r
INIHdd BIE’

9N7d 8NS 0 ALISN3O HIIH
NId GF




r-€LGT7 2 40 ¥ :133HS

‘A8 "dd¥

HOSS330Hd AON3ND3H4 3 IWIL

120 v
5 10 -31va

1v0292a ‘ATEW3SSY

e
‘A8 NMud

NOISIAIQ_WWOONYVE

HOS'rY_029Y 3114
dIZ HS0TORI8

3uT wnieg 0912n
‘8°W G6 120 vO 8.2 #0023 H3d A3Y r
‘H'H G6 W 11 G92 #0J3 H3d A3H H
‘H'H G6 HdV e 962 #0023 bH3id A3 9
‘H'H v6 HYW OE 6E2_#0J3 H3id A3Y E]
‘H'Y 6 NV e GEC #033 H3d A3H 3
‘H'H cb6 AON 10 L1 #0303 H3d AJY g
‘H'Y ¢6 nr 60 012 #0233 H3d A J
‘M Q 16 230 €2 661 #003 H3d A3H 2]
‘Ma 16 AON SP 03Sv3734 1SHIS \J
OAddV 31va NOI.LdIHIS3a 411

SNOISIA3Y

]

O 01

e
000

o)

60550000¢

OC00000000000

€46 ASSY
1¥02930 "3ul wnien @




Ref. Drawing No. 11573 J
Ref: UC 160

Assembly, Parts Listing
bc620AT T&F Processor

Oct 4, 1995 Page: 2 of 2
OPT|BC PIN MANF PIN MANUFACTURE VALUE DESCRIPTION QTY# REF DESIG.
1419026 | 11575B DATUM INC, BC bc620AT IBM PC BRKT 1.00 | BKT4
1503336 | 336RMR025M iIC a3 MF, 35V ALUMINUM ELECTROLYTIC CAP. 4.00| C43,46,47,49
1504105 | 196D105X9035HA1 | SPRAGUE 1.0 MF, 35V TANTALUM CAP, RADIAL LEADS 1.00| C10
1506102 | SR211C102KAA AVX 1000 PF, 50V MONO CERAMIC CAPACITOR .2 R/IL 1.00] C16
1506152 | SR211C152KAA | AVX 1500 PF, 100V | MONO CERAMIC CAPACITOR .2 RIL 2.00| C6,8
1506153 | SR211C153KAA | AVX 15000 PF, 100V | MONO CERAMIC CAPACITOR .2 RIL 1.00| C35
1506332 | SR211C332KAA AVX 3300 PF, 100V MONO CERAMIC CAPACITOR .2 R/L 1.00| C34
1514104 | 12065E104MAT050 | AVX 0.1 MF, 50V CERAMIC CHIP CAP 12.00 | C36-39,41,44,45,48,50,51-53
1514104 | 12065E104MAT050 | AVX 01 MF,50V CERAMIC CHIP CAP 27.00|€1,2,4,5,7,9,11-13,15,17-33
1701160 | 11572J DATUMINC, BC bc620AT PRINTED CIRCUIT BOARD 1.00| PCB1
2117061 | TSW-130-07-G-D | SAMTEC 2X30 POS STRAIGHT TERMINAL STRIP 1.00 | JP1=2x12, JP2=2x2
2124215 | 869521-1 AMP 15 POS 'D' SKT, .318 RTANG PCMNT B/L 1.00| J1
2149024 | 824-AG31D AUGAT 24 POS SLIM DIP SOCKET 1.00{ U2
2150020 | 10620-01-445 ANDON/SPECTRA | 20 POS DIP SOCKET 1.00 | U18
2150024 | 10624-01-445 ANDON/SPECTRA { 24 POS DIP SOCKET 1.00} U23
2150028 | 10628-01-445 ANDON/SPECTRA | 28 POS DiP SOCKET 1.00] U1
2192015 | 7497671 AMP 15 POS .350 RTANG PCMNT B/L MALE 1.00(J2
2306008 | OECS-80-2-A401A | ECS 8 MHz HALF SIZE TTL/CMOS CLOCK 0OSC 1.00fY1
2802001 | 3341-1L M JACK SCREW KIT 2.00| BKT1 J1,2
3902001 | PMB4.8-15-H3 PLAINVIEW INC. 4.8V NICAD PCMNT BATTERY 1.00| B1
4305030 | RXE030 RAYCHEM POLYSWITCH 1.00 | TD1
4701101 | RCO7GF101J ALLEN BRADLEY |100 OHM, 1/4W | FIXED RESISTOR 2.00 R31,33
4701102 | RCO7GF102J ALLEN BRADLEY {1 K OHM, 1/4W | FIXED RESISTOR 3.00 | R29,30,32
4701103 | RCO7GF103J ALLEN BRADLEY |10 K OHM, 1/4W | FIXED RESISTOR 9.00| R1,2,8,14,15-17,21,23
4701104 | RCO7GF104J ALLEN BRADLEY | 100 K OHM, 1/4W | FIXED RESISTOR 2.00) R18,19
4701123 | RCO7GF123J ALLEN BRADLEY |12 K OHM, 1/4W | FIXED RESISTOR 1.00 | R11
4701204 | RCO7GF204J ALLEN BRADLEY | 200 K OHM, 1/4W | FIXED RESISTOR 1.00 | R12
4701240 | RCO7GF240J ALLEN BRADLEY |24 OHM, 1/4W FIXED RESISTOR 1.00| R25
4701332 | RCO7GF332J ALLEN BRADLEY |3.3 K OHM, 1/4W | FIXED RESISTOR 2.00| R9,13
4701393 | RCO7GF393J ALLEN BRADLEY |39 K OHM, 1/4W | FIXED RESISTOR 4.00| R5,6,34,35
4701471 | RCO7GF471J ALLEN BRADLEY 470 OHM, 1/4W | FIXED RESISTOR 3.00| R4,7,10
4701472 | RCO7GF472) ALLEN BRADLEY | 4.7 K OHM, 1/4W | FIXED RESISTOR 5.00 | R20,22,26-28
4701513 | RCO7GF513J ALLEN BRADLEY |51 K OHM, 1/4W | FIXED RESISTOR 2.00| R3,25
4705472 | 710A472 ALLEN BRADLEY | 4.7 K OHM, 1/8W | C-SIP RESISTORS, 10 PIN ‘X' 1.00 | RP1
4709102 | POT3104H-1-102K | MURATA 1 K OHM, 1/4W | SINGLE TURN POT PC MT VERTICAL 1.00 | RV1
4709103 [ POT3104H-1-103K | MURATA 10 K OHM, 1/4W | SINGLE TURN POT PC MT.VERTICAL 1.00 | RV2
4801002 | 2N2222 NPN SWITCHING/AMPLIFIER (TO18) 1.00| Q3
4802002 | 2N2907A PNP SWITCHING/AMPLIFIER (TO18) 1,00 | Q2
4803001 | IN914 SILICON DIODE 2.00{CR1,2
5108005 | 76SB06 GRAYHILL 6PST DIP SWITCH 1.00 | SW1
9002710 | 74HCT14 RCA 14P DIP PKG HEX SCHMITT INVERTER 2.00{U17,21
9008657 | 74HC373 VARIOUS 20P DIP PKG OCTAL D TRANSPARENT LATCH, TIS 1.00| U3
9102003 | MC68HC11EOFN | MOTOROLA 52P PLCC PKG | MICROCOMPUTER 1.00 | U12
9103035 | MSM62X42BRS/A | OKI 18P DIP PKG REAL TIME CLOCK/CALENDER 1.00 | U25
9103040 | 82C54-2 INTEL 28P PLCC PKG | PROGRAMMABLE COUNTER TIMER 1.00| u10
9201030 | MC34064P-5 MOTOROLA 3P CASE29-04 P | UNDERVOLTAGE SENSING DEVICE 1.00| Q1
9203005 | AD558JN ANALOG 16P DIP PKG 8 BIT DACPORT 1.00 | U24
9203040 | AD1866R ANALOG DEVICE | 16P SOIC PKG D/A CONVERTER 1.00| U1t
9207070 | SN75158P i 08P DIP PKG DUAL 50 OHM TTL LINE DRIVER 3.00| U22,28,29
9207079 | SN751798 Tl 08P DIP PKG DIFF DRIVER/RECIVER PAIR 2.00 | U26,27
9207920 | SN74ALS245A-1N 20P DIP PKG OCTAL BUS TRANSCEIVER 1.00 | U20
9306007 | LM6321N NATIONAL 08P DIP PKG HIGH SPEED BUFFER 1.00| U3
9306035 | TLO82 Tl 08P DIP PKG DUAL BIPOLAR JFET OP AMP 1.00| U7
9307030 | XR2212CP EXAR 16P DIP PKG PHASE LOCKED LOOP {COMMERICAL 1.00| U19
9404010 | IDT7201SA120J IDT 32P PLCC PKG | FIFO 9 X 512 1.00| U8,3
9405001 | EP600PC-3 ALTERA 24P DIP PKG .3W | EPLD 1.00 | REF U2 (SKT)
9405059 | XC3030-70PQ100C | XILINX 100P QFP PKG PLD QUAD FLAT PKG 1.00| U16
9405061 | XC3042-70PQ100C | XILINX 100 QFP PKG PLD QUAD FLAT PKG 2.00| U14,15
9405063 | GAL16V8B-25LP LATTICE 20P DIP PKG GAL-25NS 1.00 | REF U18 (SKT)
9406005 | 2716 VARIOUS 24P DIP PKG .6W | 2 K X 8 UV ERASABLE PROM 1.00 | REF U23 (SKT)
9406040 | 27C256 VARIOUS 28P DIP PKG .6W | 32K BYTE, CMOS EPROM 1,00 | REF U1 (SKT)
ANT bc627GPS ANTENNA OPTION
ANT | 2193015 | HDT15-SD A.T./SPRECTA 15 POS HD D-SUB,SOLDER CUP FEMALE 1.00 | EXT. ANT. CABLE
ANT | 9700007 | 18636/19360-50 TRIMBLE NAV. ANTENNA TRIMBLE ACUTIME W/TSI! & RS422 1.00 | REMOTE ANTENNA
BNC BNC CABLE OPTION
BNC | 2106001 | 31-317 AMPHENOL 50 OHM BNC JACK, STRIGHT 4.00 | EXT. CABLE PARTS
BNC | 2123015 | DA15P CANNON 15 POS 'D' PLUG 1.00 | EXT. CABLE PARTS
OVN OVEN OSC OPTION
OVN | 2307001 | 240-0530AT MTI 10MHz OVEN 0SC. 1.00| U5
00 STANDARD OSC. ASSEMBLY
00 2305002 | C0-401V-AX VECTRON 10 MHz VCXO 1.00| U6




APPENDIX A
IRIG TIME CODE FORMAT

A.0 GENERAL

The widespread use of coded timing signasto asss in the corrdation of intercept and test databeganin
the early 1950's. These signds can be decoded in red time to indicate the current Time of Day (TOD)
or recorded adong with intercept/test data on magnetic tape recorders for post processing and time
correlaion.

Hundreds of time code formats were developed - one for each agency involved. During the early
1960's the InterRange Instrumentation Group (IRIG) promoted a series of “standard” time code
formats now loosely referred to as“IRIG Time Codes.” The bc620AT decodes the most widely used
format, IRIG B, aswell asIRIGA. Figure A-1 illustrates aframe of IRIG time code.

Datum Inc bc620AT Time and Frequency Processor A-1



APPENDIX A

FigureA-1
IRIG Time Code Frame

IRIG B Time Code Frame

Symbols:
=  Reference Mark: 8 HC, 2 LC
e  Loglcal "1": 5 HC, 2 LC

Ywwer  Logical 0" or Space: 2 HC, 8 LC
10 Cycles or 10 miiliseconds for IRIG B or IEEE1344

On Time and First Sub Frame:

:<— ON TIME :‘“ +10 mS

A double referance mark denotes the start of the frame, 'On Time'. Encoded BCD data
Is the ime at On Time. The encoded data Is this first subframe Is 32 Seconds.

Frame:
IRIG B:
IOT
' RRSSRMMRHHRDDRD_RCCRCCRCCRBBREBR
! Seconds Control Characters
Minutes Control Characters
Hours Control Characters
Days 17 BIT BINARY
TOD

A-2 bc620AT Time and Frequency Processor Datum Inc
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