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CHAPTER ONE

INTRODUCTION
1.0 GENERAL
The bc630AT Red Time Clock Operation and Technica Manua provides the following information:
Generd Introduction.
Ingtdlation and Setup Details.
Operation and Software Interface Detalls.
I/0 Signd Information.
Theory of Operation.
Programming Examples,
Drawing Set.
11 KEY FEATURES
The sdient features of the bc630AT Red Time Clock include:
Red Time Clock operation with microsecond precision.
Decodes commonly used time code formats: IRIG B, IRIG A, NASA 36 and 2137.
Madgter/Save operation alows digital synchronization of multiple bc630AT's.
Time base can be synchronized to external 1PPS or 1, 5, 10 MHz reference frequency.
Continues to provide time, 'flywheds, during loss of the external time code source.

Battery backed Rea Time Clock maintains settable time during power loss and can be
synchronized to an externa time code.

Battery backed control values allow one-time setup.

Supports externa event time capture input.
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CHAPTER ONE

Provides a rate programmable heartbeat pulsefinterrupt (1-2000 Hz) synchronized to the time
source.

Provides programmable propagation delay compensation.

It's 16 byte 1/O block can be located on any one of 48 1/0 blocksin the 100H - 3FFH AT 1/0O
address space.

Drives Datum'’s optiona LED display modules with the decoded time.

1.2 PHYS CAL AND FUNCTIONAL OVERVIEW

The bc630AT isahdf height IBM XT/AT bus board designed to provide a precision redl time clock,
decode serid time code sgnds, digitadly synchronize multiple PC's and provide a number of other
vauable timing features. The bc630AT aso incorporates a battery backed rea time clock |C which
maintains settable time during power loss and can be synchronized to an externd time code sgnd. The
real time clock can aso be decoded with microsecond precision.

The operation of the bc630AT is controlled by sixteen 8-bit registers written and read by the host
XT/AT computer. These registers are used for defining the time source the bc630AT decodes, mode
of operation, setting and reading the real time clock, activating time capture operations, holding the
captured time and status; defining the heartbeat frequency, and defining the propagation delay
compensation vaue.

1.3 PERFORMANCE SPECIFICATIONS

The principa performance characterigtics are listed in Table 1-1, on the following page.
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INTRODUCTION

Table1-1
Perfor mance Specifications
tem Description
Time Code Reader | Time Code Formats | IRIG A, B, NASA 36, 2137.
Carier Range IRIGA - 10 kHz + 2%.
IRIG B, NASA 36, 2137 - 1 kHz + 2%.
Flywhed Accuracy <3.6 milliseconds per hour (with Filter enabled).
Modulation Rétio 3:1to6:1.
Input Amplitude 100 mVrmsto 1 Vrms.
Input Impedance 10K W (AC Coupled).
Real Time Clock Format 24 hour.
Accuracy + 10 PPM.
XT/AT Bus Address Space 1 block of 16 bytesin the PC 1/0 map.
I nterface Range: 100H - 3FFH inan AT computer.
200H - 3FFH in an XT computer.
Interrupts Jumper selectable for IRQ3-7, 9, 10, 11, 12, 14 or
15 interrupt lines.
Power +5VDC @ 500mA.
TTL/CMOSInput | Event Capture TTL/CMOS, positive or negative edge triggered, 50ns
Signals min width, 500 ns min period.
TTL Output 1 Pulse Per Second TTL/CMOQOS, positive edge on time.
Signals
Heartbeat Pulse TTL/CMOS, postive edge on time.
RS-422 1PPS 1PPS (+), 1PPS (-), positive edge on time.
Input/Output
Signals
Serid Time/Msyg TX/RX (+), TX/RX (-) 9600 Baud, 8 bits, 1 stop hit,
no parity.
TX (-) compatible with most RS-232 devices.
Operating and Temperature
Storage Operating 0°to 70° C.
Environments Non-Operating | -50° to 125° C.
Reative Humidity
Operating 10% to 80% (non-condensing).
Non-Operating | 5% to 95% (non-condensing).
Altitude
Operating 1,000 feet below sealevel to 10,000 feet above sea
leve.
Non-Operating | 1,000 feet below sealevel to 20,000 feet above sea

levd.
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14 TIME CODE FORMATS

The widespread use of coded timing signasto asss in the corrdation of intercept and test databeganin
the early 1950's. These signals 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 loosdly referred to as'IRIG Time Codes. The bc630AT decodes two of these formats. IRIG A
and IRIG B.

More complete details on these and other time code formats is available free of charge, on request from
Datum Inc in the form of the 'Datum Inc, Handbook of Time Code Formats. Figure 1-1 illustrates a
frame of IRIG A, B or G time code.

Figure1-1
IRIG Time Code Frame
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15 IBM XT/AT COMPATIBILITY

AT type computers have an extended memory addressing capability over XT type computers. The
bc630AT Red Time Clock is a port mapped device and does not make use of this extended memory
cgpability but does give the user the option of using the additiond interrupts found on the AT bus.
Therefore, the bc630AT can be utilized in an XT computer with complete functiondity and performance
with the exception of alower number of interrupt sdlections.

Physicdly, the bc630AT mountsin either an XT or AT type computer. In the case of the XT, the AT's
second connector is not accessed resulting in alower number of interrupt selections available to the PC.
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CHAPTER TWO
INSTALLATION AND SETUP

2.0 GENERAL

The bc630AT isahdf height IBM XT/AT busboard. The bc630AT registers are 8-bitswide. This
section details the steps required to setup the module for operation.

2.1 BASE ADDRESS SELECTION

Before ingtaling the module in the computer, the address select DIP switch (SW1) must be set. The
bc630AT occupies 16 bytes in the PC 1/0 address space and can be freely located on any 16 byte
boundary. The 6 DIP switch positions of SW1 correspond to address bits A9 - A4 as shown in Figure
2-1, and determine the base address for the module (switch positions 7 and 8 are not used). The base
address is defined as the address sdlected by the SW1 DIP switch when A3 - AO are 0.

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

To select a base 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 alogica O for that address bit, and
the OFF position sdlectsalogica 1.

Inan AT computer the base address can be st in the range of 100H - 3FOH. Inan XT computer the
base address can be set in the range of 200H - 3FOH.

Note Setting a base address that is out of these ranges will probably prevent your computer
from booting.

For example, to set the bc630AT base address to 300H, set switches 1 and 2 to the OFF position and
st switches 3, 4, 5, and 6 to the ON position. Refer to Table 2-1 for alist of dl the available base
addresses in the PC bus and the corresponding switch settings.
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Table2-1
PC Bus Base Address Selection (SW1)

Base S1 S2 S3 A S5 S6

Addr A9 A8 A7 A6 A5 A4 A3 A2 Al A0
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
1DOH | 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

Table 2-2
PC Bus Base Address Selection (SW1)

Base Sl S2 S3 A S5 S6

Addr A9 A8 A7 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
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Table2-3
PC Bus Base Address Selection (SW1)
Base S1 S2 S3 A4 S5 S6
Addr A9 A8 A7 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 bc630AT modulein your computer chasss

1. Remove the computer chasss cover.

2. Sdect avacant expansion dot and remove the blank rear pand bracket. Save the screw.

3. Slidethe bc630AT Red Time Clock Module straight down to engage the motherboard
connectors.

4. Fasten the top of the bracket to the chassis using the screw that was saved from Step 2.

5. Replace the chassis cover.

Datum Inc
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CHAPTER TWO

2.3 DEMONSTRATION DISKETTE

This disk contains two executable programs that demongtrate the use of the bc630AT Real Time Clock
Module,

630DEMO1.EXE
Reads IRIG B, IRIG A, NASA 36, 2137 modulated and DC leve shift time codes.

630DEMO2.EXE
Genera Purpose Demo Program for al time sources, time code types and features of the bc630AT.

630CODE.SYS
Device drivers that, when ingtaled, replace the usud clock driver of 630RTC.SY S the PC with the
bc630AT.

Ingtructions on the use of these programsiis contained in the diskette file- README.DOC. At the
DOS prompt smply type 'README.
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CHAPTER THREE
OPERATION AND SOFTWARE INTERFACE

3.0 GENERAL

The bc630AT occupies one block of 16 bytesin the XT/AT 1/O address space. Refer to Section 2.1
for details on base address selection. Data transfers between the XT/AT bus can be accomplished with
8 bit I/O ingtructions. This chapter describes the bc630AT registers and their use.

3.1 REGISTERS

This section describes the registers used on the bc630AT for controlling its operation and transferring
timedata Section 3.2 detailsthe use of these registers. The Control Register memory map for the
bc630AT islisted in Table 3-1. The memory map for the rest of the bc630AT regigersislisedin
Table 3-2. Thefirst column of these tables shows the offset from the base address of each register.
The value of each regigter following a power on or software reset is shown. A vaue of '--' indicates
that the register contents are undefined. A labd for each register islisted asis abrief description of the
register's function.

3.1.1 CONTROL REGISTERS
The Control Registers govern the operation of the bc630AT. To control the operation of the bc630AT,

first write the appropriate vaues to the control registers, then execute an 'Initidize command. The
control registers are described below. All values are in base hexadecimd.

Table3-1
bc630AT Control Register Memory Map
Offset (HEX) Default Value Label Description
07H 00 STATUS Status Regigter.
08H * 00 TMSEL Time Code Sdlect.
O09H * 00 MASKS Masks Regigter.
OAH * DOH HBRATEO Heartbeat Rate LSB.
OBH * O7H HBRATE1L Heartbeat Rate MSB.
OCH * 00 PROPDELO Propagation Delay LSB.
ODH * 00 PROPDEL1 Propagation Delay MSB.

* Denotes battery backed value loaded at power on.
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3.1.2 STATUSREGISTER (STATUS - offset 07H)

The bc630AT provides a read/write status byte containing the status of the Redl Time Clock Module.
The dtatus byte isthe only control register that iswritten to by the bc630AT.

1PPS | EVENT | TSTAT1 | TSTATO | TC3 TC2 TC1 TCO

STATUS - Offset O7H
TC3, TC2, TCL, and TCO each designate the Last Known Time Code Detected.

Table3-1
Status - Offset O7H

TC3 | TC2 | TC1 | TCO Description

Initidization or reset is complete, time code not yet found.

IRIG B - Modulated Time Code.

IRIG A - Modulated Time Code.

2137 - Modulated Time Code.

Battery Backed Red Time Clock IC.

bc630AT Master.

NASA 36 - Modulated Time Code.

IRIG B - DC Levd Shift Time Code.

IRIG A - DC Levd Shift Time Code.

NASA 36 - DC Levd Shift Time Code.

Externa 1PPS.

Rl |lo|lo|lo|lo|lolo|lo|o
o|lo|o|o|r|r|r|r|lo|lo|o|o
Rk |lo|lo|k|k|lo|lo|r|r|lo|o
Rlo|k|lo|r|lok|o|r|lo|r|o

Externd 1, 5, 10 MHz Frequency.

TSTAT1, TSTATO
Time Code Tracking Status.

00 = time code present.

01 = flywheding to the internd crystd.

10 = flywheseling to an externd 1PPS.

11 = flywheding to an externd 1, 5, 10 MHz frequency reference.

Note Theterm flywheding means that the input time source has been lost or is unusable, but
the bc630AT is il providing time, heartbeets, etc. asif the time source is still present.
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EVENT
Event Capture Flag.

0= No event.
1 = Event captured.

1PPS
1PPS Flag.

0 = On-time mark has not occurred.
1 = On-time mark has occurred.

Note Thisflagisset each second approximately 150 :secs after the on-time mark occurs. The
bc630AT clearsthisflag only at Power On and with a software 'Reset’ or 'Initidize
command. If utilized the user is respongble for clearing the flag.

3.1.3 TIME CODE SELECT REGISTER (TCSEL - offset 08H)

-- MOD/DC | IM1 IMO TC3 TC2 TC1 TCO

Time Code Select Byte - offset 07H
TC3, TC2, TC1, and TCO designate the time code to be decoded.

0000 = Auto detect IRIG B, IRIG A, NASA 36 and 2137 modulated & DC level shift

time codes.
0001 = IRIGA.
0010 = IRIGB.
0011 = 2137.
0100 = Battery Backed Real Time Clock IC.
0101 = bc630AT Master.
0110 = NASA 36.

1010 = Externa 1PPS Synchronization.
1011 = Externd 1, 5, 10 MHz Synchronization.

Note When auto detect is sdected, the MOD/DC hit must be O.

Datum Inc bc630AT Real Time Clock Module
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IM1,IMO
Designates the I nitialization M ode upon power on or after an 'Initializ€¢ command isissued.

00 = Normd initidization.

01 = Battery Backed RTC IC time and RTC time code period.

10 = Battery Backed RTC IC time and battery backed time source period.

11 = Battery Backed RTC IC time and user defined time source period specified in
DATOO0 (LSB) and DATO1 (MSB).

Initidization modes 1, 2, and 3 synchronize the bc630AT with the battery backed RTC IC time and the
respective time code period of the mode during initidization. When initidization completes, the
bc630AT searches for the designated time code and if avdid time code is not found, enters a 'flywhed!’
date maintaining time with the mode specified time code period.

The bc630AT continues flywheding until avaid time code specified by TC3-TCO isfound at which
time the bc630AT's clock is re-synchronized to the time code.

Note Initidization takes gpproximately 3 seconds when Initiaization Modes 1, 2 and 3 are
selected.

MOD/DC
Designates the time code type specified by TC3 - TCO aseither Modulated or DC Level Shift.

0 = DC Levd Shift Time Code.
1 = Modulated Time Code.

Note In auo detect mode the MOD/DC bit must be 0. When non-time codes are selected  (i.e.
battery backed RTC IC, Master bc630AT, etc.) this bit is not used.

3.1.4 MASKSREGISTER (MASKS - offset 09H)

The Masks Regigter controls the disabling (masking) and enabling (unmasking) of the event capture,
digitd filtering of incoming time sgnas, heartbeat pulses, externd flywhed synchronization and sdlects
the interrupt source. If a change to the default conditionsis desired a new vaue is written to the Masks
Regigter and followed by an 'Initidize or 'Process Masks Register' command.

ISRC2 ISRC1 ISRCO HBEN FILTER XFW EVN1l | EVNO

MASKS - offset 09H
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EVN1, EVNO
External Event Capture Control

00 = Disable Externd Event Capture.

01 = Enable Externd Event Capture on the faling edge of the externd Event Capture
[nput.

10 = Enable Externad Event Capture on the risng edge of the Externa Event Capture
[nput.

11 = Enable Externd Event Capture on both the risng and faling edges of the Externd
Event Capture Input.

XFW
Enable/Disable External Flywheel Synchronization

0 = Disable Externd Hywhed Synchronization.
1 = Enable Externd Hywhed Synchronization.

Enables disciplining of the bc630AT's time base during ‘flywhed' periods with an external 1PPSor 1, 5,
10 MHz frequency reference if present.

FILTER
Enables Digital Filtering of the time source signals.

0
1

Disblefilter
Enablefilter

Enabling the Digitd Filter invokes an dgorithm which alows the bc630AT to decode dl avallable time
sources with maximum accuracy and increases the accuracy of the 'flywhed' during drop outs of the
time source. Thefilter should be disabled if decoding time from an unstable time code or tape source
(i.e. time frames fluctuate more than " 15 :secs).

HBEN

Heartbeat Pulses/Interrupts Contral.

0 = Disable heartbeat pulsesinterrupts (pulse output remains high)
1 = Enable heartbeat pulses/interrupts at the rate defined by HBRATEL (MSB) and
HBRATEO (LSB).

Note The heartbeat feature is not available for IRIG A.
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ISRC2, ISRC1 and ISRCO
I nterrupt Sour ce Selection.

Interrupt Register Value Interrupt Source
000 |-- No Interrupts Selected.
001 | Ready ByteVdue Ready Byte.
010 | 40H Event.
011 | 60H Heartbest.
100 | 80H 1PPS.

The bc630AT generates an interrupt to the host PC by writing the Int Reg Vd to the Interrupt Register
(offset OFH) upon the occurrence of the selected interrupt source. The interrupt is asserted until the
host PC reads the Interrupt Register. The PC interrupt IRQ channd that the bc630AT assartsis
controlled by jumper JP-5 (See Table 4-9). The host can optionaly use the Interrupt Register ina
polled mode by clearing the register and polling for the proper Interrupt Register Vaue.

Note Only one Interrupt source can be selected. Maximum polling rate of Interrupt  Register not to
exceed 500 kHz.

3.1.5 HEARTBEAT RATE (HBRATE1L, HBRATEO - offset 0OAH and OBH)

The rate at which the heartbeat pulses/interrupts are generated is controlled by these registers which
combine to produce a 16-bit unsigned value. The heartbeat pulse rate represents the number of
pulses/interrupts generated each second. The frequency range of the heartbest rateis 1 to 2000 Hz.
The rising edge of the heartbeats pulses are synchronized to on-time. For example, a heartbest rate of
1000 would result in a generated pulsefinterrupt each millisecond whoserising

edge would correspond to exactly 1 millisecond. (i.e. 0.000 000, 0.001 000, 0.002 000 ... 0.999
000, 1.000 000 seconds.)

The bc630AT processes the heartbest rate data when it receives an 'Initidize' or 'Synchronize
Heartbeats command. (See Section 3.3.)

Note Thebc630AT must be decoding time or flywhedling before the Heartbeat Rate is
programmed.

3.1.6 PROPAGATION DELAY (PROPDEL 1, PROPDELO - offset OCH and ODH)
The propagation delay compensation function can offset the effects of long cables between the time

code source and the bc630AT. These two registers combine to produce a signed 16-bit quantity. The
range of values supported is-2048 to +2047. Each unit represents adelay of 0.5 :sec. For example, a
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vaue of 1000 would effect adelay of 500 :sec. Positive values advance the 1PPS (Pulse Per Second)
and heartbesat pulses relative to the time code. Negative values retard the 1PPS and heartbeat pul ses.

3.2 DATA TRANSFER ADDRESS SPACE

The data transfer address space consists of a sequence of 7 data bytes starting at the base address and
one command byte at offset OEH. The command byte also serves as a 'data reedy flag byte' to
feedback ready flag vaues which indicate the bc630AT has successfully completed a command task.

The PC XT/AT computer requests specific data from the bc630AT by writing a coded request to the
Command Regigter at offset OEH. The baseboard must then wait for the command byte to be modified
by the bc630AT firmware to indicate that the requested datais available at offset |ocations O0H through
06H. The dataformat is predefined in this section.

Note: Polling rates of the Command Register must not exceed 500 kHz.

Table3-2
bc630AT Data Transfer, Command and Interrupt Register Memory Map
Offset (HEX) Reset Value L abel Description
00H - - DATO00 Data Byte 0.
01H - - DATO1 DataByte 1.
02H - - DATO2 Data Byte 2.
03H - - DATO3 Data Byte 3.
04H - - DATO4 Data Byte 4.
05H - - DATO05 Data Byte5.
06H - - DATO06 Data Byte 6.
OEH 10H/1EH COMMAND Command Regiger.
OFH - - INTERRUPT Interrupt Regigter.
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3.3 SOFTWARE COMMANDS

The following command bytes have been defined for verson OS 3.0. Additiona command bytes may
be added in future versons of the bc630AT firmware.

com ready data
byte flag offset / bits7-4 / bits3-0

<Request Time> Current timeis logged as the time when 80H was written to offset OEH.

80H O0H O / secondstens / seconds units
1 / minutestens / minutes units
2 | hourstens / hours units
3 / daystens / daysunits

4 /| DH1DHO -- C20 / C19C18C17 C16
5 / C0O7 C06 C05 C04 / C03 C02 CO1 CO0
6 / C15C14C13C12 / C11 C10C09 C08

C20-C00 = binary 0.5 microsecond count
DH1-DHO = dayshundredsvalue (0, 1, 2, 3)

-- = bit undefined
<Request Event Time> Last event time logged on programmed edge, positive or negative or
both.
81H O01H O/ secondstens / seconds units
1 / minutestens / minutes units
2 | hourstens / hours units
3 / daystens / daysunits

4 /| DH1DHO -- C20 / C19C18C17 C16
5 / C0O7 C06 C05 C04 / C03 C02 CO1 C0O0
6 / C15C14C13C12 / C11 C10C09 C08

C20-C00 = binary 0.5 microsecond count
DH1-DHO = dayshundredsvaue (0, 1, 2, 3)
-- = bit undefined

<Clear Event Capture> Event capture is disabled after each event until the command is
executed.

82H 02H 0 /Time code Period mod 65536 LSB
1 / Time code Period mod 65536 MSB
2 | AUXAL databyte
3 / AUXAZ2 data byte
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The time code period and AUX andog data are returned to facilitate data logging applications which
use the event strobe.

com ready data
byte flag  offsat/ bits 7-4 / bits 3-0

<Output auxiliary date>

83H O03H 0/ Time code Period mod 65536 LSB
1 / Time code Period mod 65536 MSB
2 | AUXAL databyte
3 / AUXAZ2 databyte
4 | AGC levd
5/ reserved
6 / reserved

<Set RTC Chip IC Time> Set the time of the battery backed Red Time Clock IC.

84H 04H 0 / secondstens / seconds units
1 / minutestens / minutes units
2 [ hourstens / hoursunits
3/ daystens  / daysunits
4 | monthstens / months units
5 / year tens / year units
6 / 0000 /| day of week
(Sunday =0 ... Saturday = 6)

<Request RTC IC Time> Current time of day obtained from the battery backed Red Time
Clock I1C as the time when 85H was written to offset OEH.

85H O05H O/ secondstens / seconds units
1 / minutestens / minutes units
2 [ hourstens / hoursunits
3/ daystens  / daysunits
4 | monthstens / months units
5 / year tens / year units
6 / 0000 /| day of week
(Sunday =0 ... Saturday = 6)

<Request Power Off Time> Time when computer was last turned off.
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86 06H O/ secondstens / secondsunits
1/ minutestens / minutes units

2 | hourstens / hours units
3 / daystens /| days units
4 /| DHIDHO -- -- [ - - -- -
5/ -—------- [ -
6/ -------- [ === - -

( -- denotes bit undefined)

com ready data
byte flag  offset/ bits 7-4 / bits 3-0

<Set mgor time> Allows the user to set mgor time on the board without effecting the battery
backed RTC.

87H O07H O/ secondstens / seconds units
1/ minutestens / minutes units
2 [ hourstens / hours units
3 / daystens / days units
4 | dayshundreds / -- -- -- --
5/ - -- [ - - - -
6/ -------- [ === ----

( -- denotes bit undefined)

Note Thiscommand is primarily intended for use when the bc630AT is programmed to

synchronize to an external 1PPS or frequency reference. 1t can dso load timein other  modes
(e.g. time code mode) when the bc630AT isflywheding. Thetime loaded will not be used until
the one second epoch following the load. The bc630AT incrementsthetime  before loading it to the
output buffer registers. The timeisincremented at approximately 850 milliseconds into the
current frame. The buffer registers are transferred to a set of

holding registers synchronoudy with the 1PPS output. The time loaded by 87H

command should be input well in advance of the 850 millisecond point in the frame and should
reference the current frame.

<Initidization command>

90H 10H no associated data
<Rest to Default Vaues>

91H 10H no associated data

<Rest to Battery Backed Vaues>
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92H 10H no associated data (Successful reset to battery backed values)
1EH no associated data (Checksum failure of battery backed values - Default control
values loaded)

<Process Masks Register Only>

93H 13H no associated data

com ready data
byte flag  offset/ bits7-4/ bits 3-0

<Synchronize RTC IC> Synchronizes the battery backed RTC to the externa time source being
decoded.

94H 14H no associated data

<Synchronize Heartbeat Pulses/Interrupts> Loads and synchronizesHBRATEL, HBRATEO to
the current time source.

95H 15H no asociated data

3.4 FUNCTIONAL DESCRIPTION

Section 3.1 and 3.2 provided an overview of the bc630AT control, command, and dataregisters. This
section provides a description of how these registers are used to achieve the desired functions.

341 CONTROLLING THE OPERATING MODE OF THE bc630AT

To control the operating mode of the bc630AT, first write the appropriate data to the Control
Regigters. Then, to cause the bc630AT to take action on the Control Register data, issue the ‘Initiaize
command by writing 90H to the Command Register (offset OEH). Thisaction will cause the bc630AT
to initidize and act on the datain the Control Registers. When the bc630AT isinitidized and ready to
accept another command, it will return the ready flag vaue of 10H to the Command Register (offset
OEH).

Note: Polling rates of the Command Register must not exceed 500 kHz.
In Verson 3.0 firmware commands 94H (‘Process Masks Register’) and 95H (‘Synchronize

Heartbeats) are available which alow the Masks Register and Heartbeat Register data to be processed
without renitidizing the bc630AT.
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3.4.2 REQUESTING AND READING TIME

To request time from the bc630AT over the XT/AT bus, issue the Time Request’ command by writing
80H to the Command Regigter (offset OEH). This action causes the bc630AT to freeze the time and
transfer it to the Data Transfer Address Space (offset OOH - 06H). Following the transfer of time, the
bc630AT will write the ready flag vaue of 00H to the Command Regigter indicating the requested time
isready to be read by the XT/AT bus and the bc630AT is ready to receive another command.

The bc630AT requires approximately 150 :secsto load the Data Transfer Address Space with the time
in reponse to a Time Request. Thetime, however, isfrozen at the ingant the Time Request’ is issued.

34.3 EXTERNAL EVENT CAPTURE

The bc630AT has the ability to capture time in response to an externd event. Use bitsOand 1 inthe
Masks Register to enable the externd event function and to select the active edge for capture. When
the bc630AT detects the gppropriate edge of the event signd it will:

Freezetime and load it into an internd buffer.
Set the Event bit in the Status regigter.

Generate an interrupt to the host PC (if selected as the interrupt source in the Masks
register) by writing the value 40H to the Interrupt register. (See section 3.1.4.)

The Event Time istranderred to the Data Trandfer Address Space by issuing the 'Request Event Time
command 81H. Following the Event Time trandfer, the bc630AT will write the reedy flag value of 01H
to the Command Regigter indicating the requested time is ready to be read by the XT/AT bus, and the
bc630AT isready to receive another command. At this point the event capture circuitry is disabled.
To capture another edge with the parameters defined in the Masks register issue a 'Clear Event
Capture command. This reactivates the event capture circuitry.

The bc630AT requires approximately 150 :secs to load the Event Time to the Data Transfer Address
Space in regponse to 'Request Event Time command. The time, however, isfrozen a the ingant that
the Externa Event Input is activated.

344 RATE PROGRAMMABLE HEARTBEAT PULSES

It is often useful to generate a periodic pulse/interrupt (heartbeat) which is synchronized to the time
source signa. The bc630AT has the ability to generate heartbeat pul ses/interrupts between a 1-2000
Hz rate. The Masks Register hit 4 enables the heartbeat, and the registers HBRATEO and HBRATEL
determine the rate of the pulses/interrupts (in pulses per second). Following a change to the Heartbeat
Rate registers the user must 'Initidize the bc630AT or issue the 'Synchronize Heartbeats command.
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Heartbesat rates above 2000 pulses per second are not recommended. The Heartbeats are
synchronized to on-time, therefore a heartbeat rate of 1000 would generate a positive pulse each
millisecond. (i.e. a 1.000 000, 1.000 001, ...1.999 999, 2.000 000 seconds). Therisng edge of the
heartbeat pulse occurs on-time. This edge is generated by hardware and should be used as the
reference. Thefdling edgeis controlled by software resulting in asmal variance of the pulse width.
The heartbeat pulses are available on J1 pin 15 and the BNC connector (if jumpered for heartbests).

The heartbesats can generate X T/AT bus interrupts if selected asthe interrupt source in the Masks
Register (See Section 3.1.4). The bc630AT generates heartbeat interrupts to the PC by writing 60H to
the Interrupt Regigter, offset OFH. Theinterrupt is cleared when the host PC reads the Interrupt
Regigter. The host can optiondly use the Heartbeet Interrupt in a polled mode.

The bc630AT achieves synchronization of the heartbests to the time source by computing the heartbeat
pulsefinterrupt period by dividing the Time Code Period (see section 3.5) by the programmed heartbesat
rate (HBRATEL, HBRATEOQ). The bc630AT does the heartbeat period caculations in response to the
'Initidize’ and 'Synchronize Heartbeats commands and at power on. The bc630AT must be decoding
time code or ‘flywheding' with avalid Time Code Period to insure accurate heartbeat synchronization.

The'Initidize command is valid for heartbeat synchronization only when the 'Initidization mode' is set to
normd in the Time Code Sdlect register (see section 3.1.3). When other 'Initidization modes are
selected the initia heartbeat period will be calculated based on the time code period specified by the
mode.

The 'Synchronize Heartbeats command alows on the fly heartbeat programming without disruption of
the bc630AT's clock. It isavauable command for changing the heartbest rate or re-synchronizing an
existing heartbedt rate to the time code. The heartbeats become vdid at the on-time mark after the
command completes.

Varying temperature changes to the bc630AT may result in asmal drift of the Time Code Period
measurement. \When this occurs the heartbeats will become dightly out of sync near the end of the one
second time period (possibly afew microseconds). To assure the highest synchronization accuracy’ s of
the heartbeat pulses/interrupts, the host XT/AT computer may issue the 'Synchronize Heartbeats
command when a drift in the time code period is detected or at a periodic rate.

Note The heartbest feature is not available for the IRIG A time code format.

345 PROPAGATION DELAY COMPENSATION

When the time code source is located an appreciable distance from the bc630AT, a significant
propagation delay will be introduced. The bc630AT incorporates a propagation delay compensation
feature which removes the effects of thisdelay. To utilize this feature Smply load the desired vaue into
the PROPDEL O and PROPDEL 1 regigters and then 'Initidize' the bc630AT.

The PROPDELO (MSB) and PROPDEL 1 (L SB) registers are loaded with a 16-bit sgned value
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between -2048 and +2047. Each unit represents 0.5 :sec of ddlay, giving arange of delay vaues
between -1000 :sec and +1000 :sec. Positive va ues advance the 1PPS and heartbest relative to the
time code; negative values retard the 1PPS and heartbeat. For example, if the cable between the time
code source and the bc630AT introduces adelay of 50 :sec, and you want to make the system act as if
the time code source is Sitting right next to the bc630AT, then load the value +100 into the propagation
delay regigers.

The propagation delay adjusment is dso ussful to maximize the synchronization accuracy of the
bc630AT to an externd time source or other bc630AT's. The procedure is summarized as follows:

With adua channel oscilloscope connect the 1PPS output from the bc630AT to channel. Trigger
the scope with the rising edge of the 1PPS.

Connect the externd time code or 1PPS of another bc630AT to the channel 2 input of the
oscilloscope.

Adjust the propagation delay until the 1PPS on channd 1 digns perfectly with the on- time
mark of the channd 2 time signd.

3.5 SUBSECOND COUNT AND TIME CODE PERIOD
Note The notatiion 2E6 means 2 X 10° or 2,000,000.

The subsecond count in conjunction with the Time Code Period are used to derive an accurate
subsecond time.  The subsecond count is an unsigned 20-bit binary number, and the Time Code Period
isan undggned 16-bit binary number. The subsecond count multiplied by 0.5 :sec will provide the
nomina subsecond time. Therefore, the subsecond count varies nominaly between 0 and 2E6 - 1
(1,999,999) each second. However, due to the difference between the bc630AT's crysta clock
frequency and the frequency of the time code, the subsecond count can vary between 0 and some
number greater than or lessthan 2E6-1. The frequency error between the clock frequenciesis
computed by andyzing the Time Code Period bytes.

If the bc630AT clock is exactly on frequency and the input time code time base is also perfect then the
frequency error is0. When the frequency error is 0 the Time Code Period bytes contain the vaue
33920 decima (8480 hex) which is 2E6 modulo 65536. If for example, the Time Code Period bytes
contain the vaue 34000 decimal (33920 + 80), then the bc630AT time base isfast by 80 partsin 2E6,
and the subsecond count would need to be scaled down by theratio of 2E6/ (2E6 + 80). Likewisg, if
the Time Code Period bytes contain the value 33840 decimal (33920 - 80) then the bc630AT time
base is dow by 80 partsin 2E6, and the subsecond count would need to be scaled up by the ratio of
2E6/ (2E6 - 80). In generd, the subsecond count needs to be scaled by the following factor:

2E6 / (2E6 + (Time Code Period - 33920))
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When scaled by the factor on the bottom of the previous page, the subsecond count will dways vary
between 0 and 2E6-1, giving an accurate number of 0.5 :sec counts. This methodology alows the user
to completely remove the effects of the bc630AT crysta clock frequency offset and aging.

The user may a'so smply divide the subsecond count by the factor (2E6 + (Time Code Period -
33920)) to produce area number which varies between 0.0000000 and 0.9999995.

The programming examplesin Section 6 provide some useful data structures and agorithms for working
with the subsecond count and Time Code Period vaues.

3.6 XT/AT BUSINTERRUPTS

The bc630AT interrupts the X T/AT computer by writing avaue to the Interrupt register. (Refer to
section 3.1.3)) When thisvalue is written, the jJumper sdlected interrupt (IRQ3-7, IRQ10-12 or
IRQ14-15) ispulled high. The interrupt is cleared by reading the interrupt register. The host PC can
use the interrupt feature in a polled mode by clearing the interrupt register and polling for the respective
interrupt value. Polling rates must not exceed 500 kHz.

3.7 REAL TIMECLOCK IC

The bc630AT has an independent battery backed Rea Time Clock (RTC) 1C which maintainstime
during power down of the XT/AT computer. The RTC IC time can be set and requested with the 'Set
RTC IC Time, 'Request RTC IC Time and 'Synchronize RTC IC' commands. The RTC IC maintains
time with month/day/year, hour/minutes/seconds and day of week format. Asan option in the Time
Code Format Select register, the RTC I1C can be selected for decoding by the bc630AT and read with
microsecond precision through the standard Time Request commands.

3.7.1 REQUESTING TIME FROM THE RTC IC

Command 'Request RTC Time retrieves the time of day directly from the independent RTC IC and
loadsit into the Data Address Space. Thetimeisin month/year/day format and has a resolution of one
second.

3.7.2 DECODING THERTCIC TIMEWITH MICROSECOND RESOLUTION

The bc630AT Red Time Clock Module can optionaly supply time with microsecond precision without
an externd time code. Thisis accomplished by selecting the battery backed RTC IC for decoding in
the TCSEL register (See Section 3.1.3) followed by an 'Initidize command. The bc630AT now
retrieves the time from the battery backed RTC IC. The battery backed RTC IC disciplinesthe
bc630AT clock with its 1PPS output. All bc630AT features are available in this mode.
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373 SETTINGTHERTCICTIME

Setting the time of the RTC IC is accomplished by loading the desired timeinto DATOO - DATO06
followed by the 'Set RTC IC Time command. The format of the Day of Week datais. Sunday = 0,
Monday =1 ... Friday = 5, Saturday = 6. The RTC IC maintains this time with automatic lesp year
adjustment independent of the time decoded by the bc630AT. The RTC IC time can aso be set
(synchronized) to the time currently being decoded by the bc630AT. (Refer to section 3.7.4).

3.7.4 SYNCHRONIZING THERTCIC TO EXTERNAL TIME CODE

Synchronization of the RTC IC to externd time code is achieved by issuing the 'Synchronize RTC IC
command. The ready status vaue of 14H isreturned after the synchronization of the RTC IC isinitiated
by the bc630AT. However, the synchronization process requires two seconds of time code therefore
the synchronization is complete gpproximately two seconds later.

To properly sync the month/day data of the RTC IC, the year datamust be loaded into the RTC IC
before synchronization. Thisdlowsthe bc630AT to do the proper conversion of the Julian Time Code
Format to the month/day/year format of the RTC IC with automatic legp year adjusment. The
bc630AT automatically detects an invdid Julian date. (i.e. number of days = 0 or greater than 365
[366 in alegp year]). If aninvaid number of daysis detected, the bc630AT synchronizes only the
hour/min/second timein the RTC IC. The user isresponsble for providing the proper day-of-week
data. However, this datais optional.

3.8 EXTERNAL 1PPSOR 1, 5, 10 MHz PRECISION REFERENCE
The Time Code Select register has options to decode an external 1PPS or 1, 5, 10 MHz frequency
references. When these modes are selected the bc630AT does a one time load of the time from the
battery backed RTC I1C and maintains that time with the selected externa reference signdl.
Whenthe 1, 5, 10 MHz mode is selected, the bc630AT:

Automatically detects the external frequency sourceas 1, 5, or 10 MHz.

Performs a one time load of the mgor time from the battery backed RTC IC.

Disciplines the bc630AT clock with the externd frequency.

The 1PPS mode disciplines the bc630AT clock with the risng edge of the externa pulse.
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381 FLYWHEELING WITH AN EXTERNAL 1PPSOR 1,5, 10 MHz REFERENCE

The bc630AT enters a 'flywhedling’ mode whenever the decoded time source drops out or becomes
corrupted. While flywheding, the bc630AT continues to provide uninterrupted time based on the Time
Code Period measurement obtained from the decoded time source.

The highest 'flywhed' accuracy’ s are maintained with the filter enabled. (Refer to section 3.1.4.) When
enabled, the bc630AT averages the decoded time code period measurements over time which resultsin
higher flywhedling accuracy’s. Fywhedling accuracy’s of better than 1 part in 10E6 (lessthan 3.6
milliseconds per hour of drift) are typica with stable ambient temperatures. Hywhed accuracy,
however, degrades with fluctuating temperatures.

The externd 1PPS and 1, 5, 10 MHz reference inputs provide a means to maintain higher flywheeling
accuracy’ s over temperature. When the externd flywhed is enabled, the bc630AT automatically
detectsavadid 1PPSor 1, 5, 10 MHz frequency and, if found, adjusts the bc630AT's Time Code
Period to match the one second time period of the external reference.

3.9 MASTER/SLAVE OPERATION

The bc630AT Red Time Clock Module has the capability of operating in aMaster/Save modein
which Slave bc630AT's synchronize digitdly to the time base of a Magter bc630AT. Thisdlows
computer synchronization of two or more PC's without externad time code. Synchronization accuracy’s
of " 1 microsecond (with filter enabled) can be achieved between the Master and Saves. The
Madgter/Slave mode of operation is summarized asfollows:

A Master bc630AT decodes the time source selected init's Time Code Select register. A 1PPS
synchronization pulse and seria 9600 Baud mgor time message (days - seconds) is broadcast via
two RS-422 lines approximately each second through the RJ11 connector (J2). The Master
broadcadts these digitd time sgnals when decoding time or flywheding. The necessary sgnasfor
synchronization are the 1PPS synchronization pulse and the corresponding "buf2 ddd:hh:mm:ss’ time
message. (Refer to Section 4.2.1)

Slave bc630AT's select the Master bc630AT asthe time source in their Time Code Select register.

The RJ11 connectors (J2) of the Master and Slave are linked with 6 conductor telephone cable to
the Master bc630AT. When avaid 1PPS and time message is received from the Master,
synchronization takes place. All features of the bc630AT are available with this mode including
"flywheding". (Refer to Figures 3-1 and 3-2). No signals are transmitted to the RJ11 connector
from the Slave bc630AT.

Terminate the RS-422 line with the bc630AT's termination resistors by moving the existing jumper
on JP3 pins 1, 2 to JP3 pins 3, 4 and move the jumper on JP3 pins 5, 6 to JP3 pins 7, 8 (Refer to
Table 4-7). Thetwo bc630AT's on the end of the network should be terminated.
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Note OnaMager\Save bc630AT network only two modules should be terminated.

Any one of the bc630AT's depicted in Figure 3-1 and 3-2 can serve asaMagter. The Master isthe
only board in the network that transmits Time and Synchronization pulses on the RS-422 lines. If more
than one bc630AT is operating as a Master, the time signals are corrupted. There is no hardware
damage when this occurs but network synchronization is not possble. When abc630AT is designated
asadave (refer to sep 2) dl RS-422 ports are placed in receive mode.

Figure 3-1
Serial Daisy Chain of Master/Slave bc630AT’s

| >T< >_'|l—< —I

v v v v
| | [ | | | | |
bc630AT* bc630AT bc630AT R bc630AT*
Figure 3-2
Bc630AT Magter/Save Serial Distribution Buswith Multiple Drop Points
. .
LI L1 LT [_] L] L]
[ | | ]
A A A A
v v v v
| | | | || | |
be630AT* | bc630AT be630AT bc630AT*
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Wal mount junction connector with female RJ11 mating connector.

“T" connector: 2 femae and 1 mae RJ11 connectors.

=

6 conductor phone cable with RJ11 male connector.

=

bc630AT RJIL1 Port (Femae mating connector)

Termination: Choice of one of the following methods:
Denotes direct 100 ohm termination on RS-422 line.

* Denotes termination by on-board 100 ohm resistors.
(Necessary if RS-422 lineis not directly terminated)
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INPUT/OUTPUT CONNECTORS

4.0 GENERAL

All 1/0 signas (except the PDC sgnds) are available on the rear pand connectors. Time codeinput is
available on the rear panel 15 pin DS connector and, if jumpered, the BNC connector. The PDC
sgnds are available on a 20 pin rectangular connector located near the top edge of the module. The
location of dl connectorsis shown in Figure 4-1.

4.1 J1 DS 15 CONNECTOR INPUT/OUTPUT

All 1/0O sgnas (except the PDC sgnas and serid output) are connected to the front pand 15 pin DS
connector labeled 'J1' and are connected in pardld with the other connectors which carry these Sgnas.
The pinout assgnments for the J1 connector are shown in Table 4-1.

4.2 J2 SERIAL RS422 DIFFERENTIAL OUTPUT

A serid RS422 differentia output is available on the rear panel phone jack connector labeled 'J2. A 6
wire phone jack can be used with J2. The pinouts for J2 are listed in Table 4-2. Figure 4-2 shows the
orientation of the J2 pinouts. This output is used for linking bc630AT's used in aMagter/Save
configuration. Regular telephone wire is used connecting the Save bc630AT's in pardld to the madter.

This output port can also be used for diagnostic purposes. The bc630AT broadcasts time, measured
code period, code detection status, code search status, software version and date code, AGC dice
level, and control byte information. Datais sent a 9600 baud, 8 data bits, one stop bit, no parity. Each
lineisterminated by a carriage return (ODH) and aline feed (OAH).

The Tx(-) sgna will drive most RS-232 interfaces such as a serid port to aPC. The data pacing
dgnadsRTS, CTS, DSR and DTR may need to be jumpered depending on the specific termina
emulation software in use.

4.2.1 bc630AT RS-422 SERIAL OUTPUT MESSAGES
When avalid time code signd is being decoded, a packet of datais sent every second, about 1/2

second after the 1PPS sgna occurs. The following are examples of message data when decoding the
respective time code signals, red time clock and other time sources.
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Initidization Message:

SLAMR bc630AT 3.0 10/29/91
initialization conplete

control bytes 0/1/2 = XX/ XX

hb period remai nder = XXXX XXXX

Decoding modulated time code:

(Time code type) {iriga, irigb, nasa36, 2137}

lev = XX {X represents a hexadecinmal digit}
dif = XXXX

buf 2 ddd hh: nm ss
etimddd hh:mmss @ @

Decoding RTC, 1PPS, External Reference and DC Levd Shift time code

(Ti me Source) {iriga - dcls, irigb - dcls, nasa36 - dcls, RTC
RTC 1pps, RTC xref}

di f = XXXX

buf 2 ddd hh: mm ss

etimddd hh:mmss :: @ =

Searching for time code with Time Code Sdlect register set for Autodetect:

checking (time code type) {Modul ated tine <code: irigh, iriga, nasa36,
2137}
lev = cannot find (tine code type)

checking (time code type) {Non-nodul ated tinme codes: irigb - dcls, iriga -

dcls, nasa36 - dcl s}
cannot find (time code type)

Searching for time code with the Time Code Sdect register set for for a gpecific time sources

(tinme code type) {iriga, irigb, nasa36, 2137, iriga - dcls, irigb
- dcls, nasa36 - dcls,}

decode error !! {RTC, RTC xref, RTC 1lpps}

Time code error message:

decode error !

Hywheding message:

flywheeling !!

(fl ywheel source) {int xtal, ext 1PPS, 1 MHz, 5 MHz, 10 MHz}
buf 2 ddd hh: mm ss

etimddd hh:mmss @
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Notes: 1) “lev” isahex representation of the “dice’ level of amodulated time code. 1t is used
to determine whether acycleisahigh or low cycle.

2) “dif” ishexadecima representation of the time code period measurement. It is used
to scdetheinternd time. The“dif” vaue reflects the difference between the internd
crydd and the externd time Sgnd.

3) No dataistransmitted out the serid port when the bc630AT is set up asa Saveto
decode a Master bc630AT.

4) RS-422 dataisonly received by the bc630AT when the card is configured as a Save.
The normal message data and a 1PPS signal broadcast from the Master is decoded by
the Save for time synchronization.

5) No control codes or commands are accepted by the user through the RS-422 port.

6) The RS-422 messages were provided primarily for diagnostic purposes. The user,
however, may use the data to obtain time externdly from the board. Onceavalid
time code is being decoded, time/message datais broadcast once each second about
1/2 second after the 1PPS signal. The time being broadcadt, following the "buf2"

labd, isvdid at the risng edge of the preceding 1PPS pulse.

4.3 J3BNC CONNECTOR INPUT/OUTPUT

The BNC connector J3 can be chosen to input or output 1 of 10 sgnds from the DS 15 connector J1.
The signa desired is selected with jumper JP2. Table 4-6 lists the jumper field options for JP2.

4.4 J6 PDC CONNECTOR

The 20 pin connector J6 carries the PDC sgnas which can be used to drive Datum Inc time display
modules. The pin assignments for the J6 connector are shown in Table 4-3 and the PDC dataformat in
Table 4-4.

4.5 PDC SIGNAL DESCRIPTION

The signds carried on the PDC (Peripherd Data Connector) are generaly used to drive other Datum
Inc products which require decoded time such as the M80D-LU Computer Top LED Display. These
sgnas can, however, be used by the user for avariety of gpplications.

Decoded time is transmitted over the PDC once per second using the PDC ENABLE* and DO-D7
linesin abyte serid fashion (i.e aburst of 9 bytes are sent) just after the on time mark. The DO-D7
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encoding is shown in Table 4-4. The lower nibble contains the BCD encoded time digit and the upper
nibble determines which digit has been tranamitted. The DO-D3 datalines are valid at the rising edge of
PDC ENABLE*. The D4-D7 datalines are valid anytime PDC ENABLE* islow.

EACH CYCLE isaTTL representation of the time code carrier (high during positive haf cycles, low
during negative haf cycles). 1PPSisaTTL sgna whose risng edge occurs once per second on time.

Figure4-1
bc630AT Real Time Clock Module Connector Layout
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Table4-1
J11/O Connector Pinouts

INPUT/OUTPUT CONNECTORS

J1 Signal Description
1 Time Code Input

2 Ground

3 (Future Implementation)

4 (Future Implementation)

5 Event Trigger Input

6 1PPS Output

7 Ground

8 DC Leve Shift Input

9 Isolated Return

10 Externd 1, 5, 10 MHz Input
11 Auxiliary 1 Input

12 Ground

13 Auxiliary 2 Input

14 Heartbeat Pulse Output

15 Externd 1PPS Input

Datum Inc
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Table4-2
J2 Serial R$422 1/0 Pinouts

J2 Signal Description

1 1PPS TX/RX (+)

Ground

DATA TX/RX (+)

DATA TX/RX (-)

Ground

o |01 | B W DN

1PPS TX/RX (-)

Note The above pinouts apply to the bc630AT verson C hardware. The pinouts differ from the
verson A and B boards.

Figure4-2
J2 Phone Jack Pinout Orientation

] L

135

24 6

—| li bc630AT

Front View
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Table4-3

J6 PDC Connector Pinouts
J6 Signal Description
1 Ground
2 PDC ENABLE*
3 DO
4 D1
5 D2
6 D3
7 D4
8 D5
9 D6
10 D7

11 EACH CYCLE/ HEARTBEAT

12 Not Used

13 1PPS

14-17 Not Used

18 Ground
19 +5VDC
20 +5VDC

Datum Inc
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Table4-4
J6 - PDC Data Format
D7 | D6 | D5 | D4 | D3-DO(BCD)

0 0 0 0 Days Hundreds
0 0 0 1 Days Tens
0 0 1 0 Days Units
0 0 1 1 Hours Tens
0 1 0 0 Hours Units
0 1 0 1 Minutes Tens
0 1 1 0 Minutes Units
0 1 1 1 Seconds Tens
1 0 0 0 Seconds Units

Table4-5

JP1 Jumper Postionsfor Isolated Time Code

JP1 Position Time Code Input Jumper For J1
*1to2 Non-isolated Time Code Input
3to4 Isolated Time Code Input (Opt)
*5t06 Non-isolated Time Code Input
7t08 Isolated Time Code Input (Opt)
* 91010 Grounded Return J1
11to 12 Isolated Time Code Return (Opt)

* Factory Setting, Total of 3 Jumpers.
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Table 4-6
JP2 Jumper Positionsfor BNC (J3) Signal Selection
JP2 Position BNC Signal Selection
1to?2 No Connection
3to4 Reserved
5t06 Reserved
7t08 Event Trigger Input
9t0 10 Heartbeat Pulse Output
11to 12 1PPS Output
13t0 14 Externd 1PPS Input
15to 16 DC Leve Shift Time Code
17t0 18 Externd 1, 5, 10 MHz Input
*19t0 20 Time Code Input (Modulated)

* Factory Setting.
Table4-7
JP3 Jumper Postionsfor Master/Slave Termination
JP3 Position Master/Slave Termination
*1to2 No Termination
3to4 100 ohm Termination
*5t06 No Termination
7t08 100 ohm Termination
* Factory Setting.

Datum Inc

bc630AT Real Time Clock Module
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CHAPTER FOUR

Table4-8

JP4 Jumper Postionsfor Time Code Return

JP4 Position J3 Time Code Return Jumper
*1to2 Grounded Return
3to4 Isolated Time Code Return (Opt)
* Factory Setting.
Table4-9

JP5 Jumper Positionsfor XT/AT BusInterrupt Selection

JP5 Position XT/AT Interrupt
* 1 t02 IRQ2 (XT), IRQ9 (AT)
3to 4 IRQ3
5t06 IRQ4
7t08 IRQ5
9t010 IRQ6
11to 12 IRQ7
13to0 14 IRQ10
15 to 16 IRQ11
17to 18 IRQ12
19to 20 IRQ14
21t0 22 IRQ15
* Factory Setting.

4-10
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INPUT/OUTPUT CONNECTORS

Table4-10

JP6 Jumper Postionsfor J6 PDC Pin #13

JP6 POSITION J6 PDC PIN #13 JUMPER
lto?2 Heartbeat Pulse
*3t04 Each Cycle Clock
* Factory Setting.

Datum Inc

bc630AT Real Time Clock Module
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CHAPTER FIVE
THEORY OF OPERATION

5.0 GENERAL

This section describes the theory of operation for the bc630AT Red Time Clock Module. Reference
Schematic Diagram 11450.

5.1 TIME CODE DECODER

The heart of the bc630AT utilizes Datum Inc’s reduced chip set decoder circuitry. Details on the
operation of thiscircuitry are not avallable a thistime.

5.2 XT/AT busINTERFACE
The XT/AT businterface congsts of the usual assortment of bus transceivers, buffers, and decoders

commonly found on any microprocessor based system. The bc630AT uses an 8 bit dua port RAM for
the I/O interface.
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CHAPTER SIX

PROGRAMMING EXAMPLES

6.0 GENERAL

This section provides programming examples to illusirate the operation of the bc630AT. The examples

are written in Turbo C. Hexadecima congtants are specified in C by using the prefix '0X..

The BASE congtant refers to the base address setting of SW1 (refer to Chapter Two). Memory
locations are referred to with the BASE congtant plus an offset constant. The offset congtants are
referred to with alabel that is defined in Table 3-1 and Table 3-2.

6.1 SETTING UP THE CONTROL REGISTERS

This example shows how to program the bc630AT control registers. The bc630AT is setup to
automatically detect an IRIG A, IRIG B, NASA 36 or 2137 modulated or DC leve shift time code
input signal, disable externd event time capture, disable heartbeat pulses, dissble the filter, disable
externd flywhed synchronization and sdlect no interrupt sources. The example manudly sets up the
bc630AT to the default conditions.

/* Set up control registers
out port b( BASE+TCSEL, 0); /* Select automatic tinme code
/* selection
/[* Initialization nmode = nornal
out port b( BASE+MASKS, 0); /* Disable event capture, disable
[* filter, external flywheel
/* disabl ed, disable heartbeats, no

/* interrupts

out port b( BASE+HBDI VO, OxE8); /* Set heartbeat pul se/interrupt
out port b( BASE+HBDI VO, 0x03); /* frequency 1000 Hertz
out port b( BASE+PROPDELO, O0); /* Set propagation delay to O
out port b( BASE+PROPDEL1, 0);
out port b( BASE+COVMAND, 0x90) /* Initialize bc630AT to above
do /* control settings
{

ti me_del ay(); /* User defined tine delay function

/* that slows polling rate of
/* COMVMAND byte to | ess than 500 KHz

}
whil e (inportb(BASE+COMMAND) != 0x10); /* Wait for ready value of 0x10 from

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/

*/

/* bc630AT, indicating '"Initialize */
/* conplete */
time_del ay()
{
int i;
for (i=100; i !'=0; i--); /* Initial value for i is dependent */
} /* on host PC s clock speed to slow */
/* polling rate to < 500 KHz */
Datum Inc bc630AT Real Time Clock Module 6-1



CHAPTER SX

6.2 CAPTURING AND READING TIME

This example shows how to capture time across the X T/AT bus using the 'Request Time' command.
The bc630AT COMMAND regigter is polled to determine when the time datais valid. Beforetimeis

requested the Timecode Period datais obtained with the 'Output Auxiliary Data command. Thisdatais
used to compute the frequency error. The time read corresponds to the time code selected in the

TCSEL regider.

char tinme[9]; /* Major BCD tinme array secs - days */
int freq_error; /* hundreds */
unsi gned int tc_period,
| ong unsigned int sub_seconds;
/* Get timecode period and conpute */
/* frequency error */
out port b( BASE+COVMAND, 0x83); /* Request auxiliary data */
do
{
time_del ay(); /* Function slows polling rate to */
} /* < 500 KHz */
whi | e(i nport b( BASE+COVMAND) ! = 3); /* Wait for ready flag of 3 (Polling */
/* rate not to exceed 500 kHz) */
tc_period = inportb(BASE+1) * 0x100; /* CGet MsSB of time code period and */
/* shift */
tc_period += inportb(BASE+O0); /* Get LSB of time code and sum */
freg_error = tc_period - 33920; /* Figure frequency error */
out port b( BASE+COVMAND, 0x80) ; /* Request tine */
do
{
time_del ay(); /* Function slows polling rate to */
} /* < 500 KHz */
whi | e(i nport b( BASE+COVMAND) ! = 0); /* Wait for ready flag of O (Polling */
/* rate not to exceed 500 kHz) */
/* Load mpjor time into */
/[* time[] array */
time[0] = (inportb(BASE+0) & OxF) | 0x30; /* CGet second units and */
/* convert to BCD */
time[1l] = ((inportb(BASE+0) & OxFO) >> 4) | 0x30; /* Get second tens and */
/* convert to BCD */
time[2] = (inportb(BASE+1) & OxF) | 0x30; /* Get mnute units and */
/* convert to BCD */
time[3] = ((inportb(BASE+1) & OxFO) >> 4) | 0x30; /* Get minute tens and */
/* convert to BCD */
time[4] = (inportb(BASE+2) & OxF) | 0x30; /* Get hours units and */
/* convert to BCD */
6-2 bc630AT Rea Time Clock Module Datum Inc



PROGRAMMING EXAMPLES

time[5] = ((inportb(BASE+2) & OxF0) >> 4) | 0x30; /* Get hours tens and */
/* convert to BCD */
time[6] = (inportb(BASE+3) & OxF) | 0x30; /* Get days units and */

/* convert to BCD
*Itime[7] = ((inportb(BASE+3) & OxF0) >> 4) | 0x30; /* Get days tens and */
/* convert to BCD */

time[8] = ((inportb(BASE+4) & 0xC0O) >> 6) | 0x30); /* Get days hundreds and */
/[* shift and convert to */

/* BCD */
/* Major BCD tine nowin */
[* time[] */

/* Get sub second */
[* time */
sub_seconds = (inportb(base+DAT04) & Ox1F) * 0x10000L; /* Get sub second */
/[* time bits 16-20 */

sub_seconds += i nportb(base+DAT05); /* Get & sum sub */
/* second tinme bits*/
/* 0-7 */
sub_seconds += inportb(base+DAT06) * 0x100L; /* Get & sum sub */
/* second tinme bits*/
/* 8-15 */
sub_seconds = (sub_seconds / (2E6+freq_error)) * 1E6; /* Conpute real */
/* :secs with */
/* offset */
/* Sub second tine */
/* now in */
/* sub_seconds */

6.3 SETTING THE REAL TIME CLOCK CHIP

The following example shows how to set the time of the independent, battery backed Red Time Clock
Chip.

/* Set time in RTC chip
to 01/22/91, */

/* Tuesday, 13:23:45 */
out port b( BASE+0, 0x45); /* Load seconds data into Data */
/* Transfer Address Space */
out port b( BASE+1, 0x23); /* Load mnutes data into Data */
/* Transfer Address Space */
out port b( BASE+2, 0x13); /* Load hours data into Data */
/* Transfer Address Space */
out port b( BASE+3, 0x22); /* Load days data into Data Transfer */
/* Address Space */
out port b( BASE+4, 0x01); /* Load nonths data into Data */
/* Transfer Address Space */
out port b( BASE+5, 0x91); /* Load year data into Data Transfer */
/* Address Space */
out port b( BASE+6, 0x02); /* Load day of week data into Data */
/* Transfer Address Space */
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out port b( BASE+COVMAND, 0x84) ; /* lssue 'Set RTC Chip Tine' conmand */
do
{

time_del ay(); /* Function slows polling rate to */
} /* < 500 KHz */
whil e (inportb(BASE+COMVAND) ! = 4); /* Wait for ready flag status of 4 */

/* Polling rate not to exceed 500 kHz*/
/* RTC Chip time successfully set */

6.4 SYNCHRONIZING THE RTCIC TO EXTERNAL TIME CODE

Thefollowing example illusirates how to synchronize the Battery Backed RTC IC time to the externd
time code. Before synchronizing be sure RTC IC isloaded with the valid year. The example assumes
the year isaccurately set in the RTC chip.

out por t b( BASE+COVMAND, 0x93); /[* Initialize bc630AT */

do

{

time_del ay(); /* Function slows polling rate to */

} /* < 500 KHz */

whil e (inportb(BASE+COMVAND) ! = 0x13); /[* Wait for ready val ue of 0x13 */
/* from bc630AT, indicating */
/* synchroni zation process */
/* initiated. Process will be */
/* conplete in approximately two */
/* seconds */
/* Polling rate not to exceed */

/* 500 KHz */

6-4 bc630AT Real Time Clock Module Datum Inc



CHAPTER SEVEN
ADJUSTMENTS

7.0 GENERAL

The bc630AT has only asingle adjustment which should never require dteration by theuser. This
section outlines a method for correctly setting the phase lock loop adjustment, variable resistor R6.

7.1 PHASE LOCK LOOP ADJUSTMENT

The following steps assume that the bc630AT is correctly mounted on a baseboard and is exposed to
allow access by an oscilloscope probe. A source of IRIG B time code is required.

Sdlect an IRIG B timecode by writing a'B' (42H) to offset location 08H or in demonstration
program 630DEMO2 sdect "IRIG B ONLY" for the time code sdlect register. This step forces the
bc630AT to search for a 1000Hz carrier frequency only.

Input the IRIG B time code through the BNC connector (J3) or pin #1 of J1.

Use pin #16 of U2 astheinput to channd A of adua channel oscilloscope. Use the reference
carrier selected in Step 2 above as the input to channd B of the oscilloscope. Use channd A asthe
oscilloscope horizonta synch inpt.

Adjust R6 50 that the negative going trandtions on pin #16 are centered on the negative "peaks' of
the carrier. Seefigure 7-1 below.

Figure7-1
Phase L ock Loop Adjustment

Datum Inc bc630AT Real Time Clock Module 7-1



DRAWING SET

CHAPTER EIGHT

DRAWING SET
8.0 GENERAL

This chapter contains the schematic diagram, assembly drawing, and parts list for the bc630AT.

Datum Inc, Bancomm Div. bc630AT Manual
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Ref: Drawing No. 11453 E

Assembly, Parts Listing
bc630AT Real Time Clock

Ref: UC 115
Sep 6, 1995 Page: 2 of 2
AS | OPT| BCPN MANF PN MANUFACTURE VALUE DESCRIPTION QTY# REF DESIG.
1419025 11455E BANCOMM DIV, DATUM be630AT IBM PC BRKT 1.00 | BKT1
1501150 CM05CD150J03 CDE 15 PF500V DIPPED MICA CAPACITOR 200 jC1722
1501391 CMO4FA391JD ARCO 3%0 PF,100V DIPPED MICA CAPACITOR 100 |Ci9
1503335 335RMRO35M iC 33 MR35V ALUMINUM ELECTROLYTIC CAP. 200 | C16,25
1503336 | 336RMR025M IC 33 MF3sV ALUMINUM ELECTROLYTIC CAP. 200 [C2132
1506102 SR211C102KAA AVX 1000 PF,50V MONO CERAMIC CAPACITOR .2 RL 100 C1
1506153 SR211C153KAA AVX 15000 PF, 100V MONO CERAMIC CAPACITOR 2 Rt 100 |C5
1506562 SR211C562KAA AVX 5600 PF,100V MONO CERAMIC CAPACITOR .2 RL 100 (C4
1515104 MDO15E104MAA AVX/67349 0.1 MF,50V DIP GUARD CAPACITOR 2200 | C2,3,6-15,18,20,23,24,26-31
1701115 11452C BANCOMM DIV, DATUM be630AT RTC PRINTED CIRCUIT BOARD 100 | PCB1
2109020 3592-5002 M 20 POS RTANG HEADER 100 | J6
2117061 TSW-130-07-G-D SAMTEC 2X30 POS STRAIGHT TERMINAL STRIP 1.00 | JP1=2x6, J2=2x10, JP3=2x4.
2117061 TSW-130-07-G-D SAMTEC 2X30 POS STRAIGHT TERMINAL STRIP 1.00 | JP4,6=2x2, JP5=2x11
2124215 869521-1 AMP 15 POS ‘D' SKT, .318 RTANG PCMNT B 100 | N
2150020 10620-01-445 ANDON/SPECIRA 20 POS DIP SOCKET 300 U1,10,14
2150028 10628-01-445 ANDON/SPECIRA 28 POS DIP SOCKET 100 (U7
2152052 641748-2 AMP 52 POS PLCC REC CHIP CARRIER 200 jun,2
2190004 5S5-64665-NF STEWARD RJ111PT, 6 POS SHIELDED PHONE JACK, PCMNT. 100 |J2
2302005 DS-800 SEIKO 8MHz CRYSTAL 100 |V
2802001 334111 M JACK SCREW KIT 1.00 | BKT1
3902001 PMB4.8-15-H3 PLAINVIEW INC. 48V NICAD PCMNT BATTERY 1.00 | Bt
4701101 RCO7GF101J ALLEN BRADLEY 100 OHM,1/4W FIXED RESISTOR 300 |R11,2627
4701103 RCO7GF103J ALLEN BRADLEY 10 K OHM,1/4W FIXED RESISTOR 700 | R59,12-14,21,25
4701104 RCO7GF104J ALLEN BRADLEY 100 K OHM, 1/4W FIXED RESISTOR 200 |R78
4701153 RCO7GF153J ALLEN BRADLEY 15 K OHM,1/4W FIXED RESISTOR 100 |R1
4701203 RCO07GF203J ALLEN BRADLEY 20 KOHM,1/4W FIXED RESISTOR 100 |R19
4701204 RCO7GF204J ALLEN BRADLEY 200 K OHM, 1/4W FIXED RESISTOR 100 |R2
4701221 RCO7GF221J ALLEN BRADLEY 220 OHM,1/4W FIXED RESISTOR 100 |R16
4701240 | RCO7GF240J ALLEN BRADLEY 24 OHM,1/4W FIXED RESISTOR 1.00 | R0
4701471 RCO7GF471J ALLEN BRADLEY 470 OHM,1/4W FIXED RESISTOR 100 |R23
4701472 RCO7GF472) ALLEN BRADLEY 4.7 KOHM,1/4W FIXED RESISTOR 200 |[R4,15
4701613 RCO7GF513) ALLEN BRADLEY 51 KOHM,1/4W FIXED RESISTOR 200 |R324
4701682 RC07GF682) ALLEN BRADLEY 6.8 KOHM,1/4W FIXED RESISTOR 100 |R2
4701685 | RCO7GF685J ALLEN BRADLEY 6.8 M OHM,1/4W FIXED RESISTOR 100 |R17
4703103 72P103 BECKMAN 10 KOHM,12W SINGLE TURN POTENTIOMETER 100 | Ré
4705472 710A472 ALLEN BRADLEY 4.7 KOHM,1/8W C-SIP RESISTORS, 10 PIN 'X' 3.00 | RN1-3
4801002 2N222 NPN SWITCHING/AMPLIFIER (TO18) 100 {Q3
4802002 2N2907A MOTOROLA 3P DPKG PNP SWITCHING/AMPLIFIER (TO18) 100 |1
5108002 765B08 GRAYHILL 8PST DIP SWITCH 100 | SW1
5601001 MCL T16-1(X65) MINI-CIRCUITS 6P DIP PKG R.F. TRANSFORMER 10:1 INPUT 100 | T2
9002710 74HCT14 RCA 14P DIP PKG HEX SCHMITT INVERTER 100 |Us
9006658 T4HC374 MOTOROLA 20P DIP PKG OCTAL D FLIP FLOP 100 |Us
9008657 74HC3T3 VARIOUS 20P DIP PKG OCTAL D TRANSPARENT LATCH, T/S 100 |V
9015940 SN74ALS688N m 20P DIP PKG 8 BIT MAGNITUDE COMPARATOR 100 | U16
9102002 68HC11A1FN MOTOROLA 52P PLCC PKG MICROCOMPUTER 1.00 | REF: U11(SKT)
9103008 82C54 AMD 24P DIP PKG .6W CMOS COUNTER TIMER 100 |U3
9103035 MSM62X42BRS/A OKI 18P DIP PKG REAL TIME CLOCK/CALENDAR 100 fUs
9201030 MC34064P-5 MOTOROLA 3P CASE29-04 PKG UNDERVOLTAGE SENSING DEVICE 100 | Q2
9207070 SN75158P m 08P DIP PKG DUAL 50 OHM TTL LINE DRIVER 100 |U13
9207076 SN75176B m 08P DIP PKG DIFF BUS TRANS 200 | 1518
9207615 74HC244 NATIONAL 20P DIP PKG OCTAL BUFFERALINE DRIVER 100 U4
9207920 SN74ALS245A-IN | TI 20P DIP PKG OCTAL BUS TRANSCEIVER 100 | U7
9307030 XR2212CP EXAR 16P DIP PKG PHASE LOCKED LOOP 100 |u2
9405015 PAL16L8B MMI 20P DIP PKG .3W PAL 100 | Ut (SKT)
9405020 PAL16R4ACN MMI 20P DIP PKG .3W PAL 35 NS 1.00 | U14(SKT)
9405064 GAL18V10-20LP LATTICE 20P DIP PKG GAL-20NS 100 | U10(SKT)
9406040 27C256 28P DIP PKG .6W 32 K BYTE EPROM 1.00 | U7 (SKT)
9407660 IDT7130LA70J IDT 52P PLCC PKG 1K X 8 DUAL PORT RAM 1.00 | U12(SKT)
BNC BNC CABLE OPTION
BNC | 2106001 31-317 AMPHENOL 50 OHM BNC JACK, STRIGHT 400 | EXT. CABLE PARTS
BNC [ 2123015 DAE15P CANNON 15 POS ‘D'PLUG 1.00 | EXT. CABLE PARTS
XFM TRANSFORMER OPTION
XFM | 2105003 227161-7 AMP 50 OHM ISOLATED RTANG PCMNT BNC RECPT 100 |3
XFM ] 4701681 RCO7GF681J ALLEN BRADLEY 680 OHM, 1/4W FIXED RESISTOR 1.00 | R10(OPT)
XFM | 5603002 956025 DATUM INC 08P DIP PKG TRANSFORMER 1.00 | T1(OPT)
00 STANDARD ASSEMBLY
00 2105002 4138781 AMP 50 OHM RTANG PCMNT BNC RECPT. 100 |J3
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