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1 INTRODUCTION 

1.1 Purpose 

This manual describes the Time Interface Module (TIM. The TIM provides time synchronisation functions within LCUs 
to UTC time. Furthermore, it provides also functions for very accurate relative timing. 

1.2 Scope 

This manual provides a detailed hardware description of the TIM board. It gives furthermore a brief overview on the VLT 
Time Reference System and its subsystems to give the reader insight on how the VLT TRS works. AD and RD references 
list all documents related to the time system available (based on best knowledge of the author). 

1.3 Applicable Documents 

ID Document Name Document Number Issue Date 

AD1  VLT Time Reference System,  
Preliminary Requirements VLT-MEM-ESO-17300-0003 - 16/10/91 

AD2  VLT Time Reference System 
Specification VLT-SPE-ESO-17300-0376 1 4/05/93 

AD3  Modifications for TIM Techn. 
Manual Issue2 VLT-ELE-94/0072 - 30/06/94 

AD4  Time Interface Module Driver, 
User Manual VLT-SPE-ESO-17210-0431 2 11/10/2001 

AD5  Electronics Design Specification VLT-SPE-ESO-10000-0015 6 8 Dec 2005 

 
Table 1 Applicable Documents
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1.4 Reference Documents 

ID Document Name Document Number Issue Date 

RD1  VLT TRS- Datum Unit Test Report VLT-TRE-ESO-17300-0849 1 1/06/95 

RD2  TRS – Leap Second Test Report VLT-TRE-ESO-17300-1125 - 30/05/96 

RD3  CTS Installation and Maintenance Manual VLT-SPE-ESO-17300-1254 3 30/09/2010 

RD4  Time Bus Installation Maintenance Manual VLT-SPE-ESO-17300-1580 1 4/03/98 

RD5  Time Bus Chain, Technical Manual VLT-SPE-ESO-17300-1324 1 25/04/1997 

RD6  Possible Leap Second Implementation VLT-TRE-ESO-17300-1048 1 26/02/96 

RD7  Hardware Revision Description VLT-TRE-ESO-17300-1328 Draft 1 25/04/97 

RD8  Time Bus Distribution Box test report VLT-TRE-ESO-17300-1327 1 25/04/97 

RD9  TRS- Configuration Item Data List VLT-LIS-ESO-17300-1323 1 25/04/97 

RD10  Datasheet Philips Microcontroller, Single-chip 8-
bit microcontroller 

P89C557E4 
 

 02/03/99 

RD11  Datasheet Dallas Semiconductor Real-Time 
Clock with NV RAM DS1689/DS1693 

Rev. 
112105 

- 

RD12  Datasheet 82C54, CMOS programmable interval 
timer, Intersil 82C54 2970.1 03/97 

RD13  The VMEbus Handbook ISBN 1-885731-08-6 4 11/97 

RD14  TBDB Test Report VLT-TRE-ESO-17300-0848  01/06/1995 

RD15  Time Bus Distribution Box Transmitter VLT-MAN-ESO-17300-5057 1 30/09/2010 

RD16  Time Bus Distribution Box Receiver VLT-MAN-ESO-17300-5055 1 30/09/2010 

RD17  Time Bus Distribution Box, Manual VLT-MAN-ESO-17300-5056 1 30/09/2010 

RD18  Serial Time Converter VLT-MAN-ESO-17300-5054 1 30/09/2010 

RD19  TBDB Test Report VLT-TRE-ESO-17300-0848 1 01/06/1995 

Table 2 Reference documents
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1.5 Acronyms 

 

MJD   Modified Julian Day, counts number of days since 00:00, 17/11/1858 

OC   Open Collector 

RX   Receive 

SCP   Service Connection Point 

Sysplex Timer  IBM standard developed to synchronise computer clusters 

TIM   TIM 

TDBD   Time Bus Distribution Box 

TOD   Time of Day 

TLR   Top Level requirement 

TRS   Time Reference System 

TX   Transmitt 

uC   MicroController 

UT   Unit Telescope 

VCO   Voltage Controlled Oscillator 

VLT   Very Large Telescope  

VME   Versa Module Eurocard 
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2 INTRODUCTION 

The TIM (Time Interface Module) is a basic component of the Time Reference System of  the VLT Paranal Observatory.  
Each LCU (Local Control Unit computer based on VME BUS) acting as real time controller can access the absolute and 
relative time information through a TIM connected to the VME bus. The time information is distributed among all the 
TIMs through the Time bus.. 

The purpose of the TIM card is to interface a VME bus-based system with an absolute time source. It provides an 
accurate absolute time information to the VME and can be configured to generate signals/interrupts synchronized with the 
absolute time. 

It is composed by three main functional blocks: 

- VME interface 

- Time Bus decoder 

- Timers Management 
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3 THE PARANAL OBSERVATORY TIME REFERENCE SYSTEM: GENERAL OVERVIEW 

Serial Time 
converter

 
Figure 1 VLT Time Reference System 
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Figure 1 shows a block diagram of the VLT Time Reference System. UTC time is derived from the GPS satellite system 
by means of a GPS receiver. The GPS receiver has a “Sysplex Timer Port” transmitting TOD (Time of day, 
DDD:HH:MM:SS) via RS232 to a dedicated custom designed “Serial Time” converter unit. The GPS receiver provides 
further a 10MHz reference clock and a 1pps clock (both derived from GPS signal) to the “Serial Time” converter unit. 
This unit encodes the TOD with the year (collected from an internal RTC) into a serial PWM signal containing the 
“Modified Julian Day” and Time. The frequency of the PWM signal is f= 1MHz. This frequency is synchronized to the 
GPS 1pps signal. The period of this frequency is 1us. The clock of this 1MHz signal is used to transmit the us´s via the 
time network. The electrical PWM signal is converted to a serial light PWM signal in the TBDB TX unit and transmitted 
across the dedicated VLT time network through multi-mode fibers. The other end of the fiber signal is connected directly 
to the TIM board. The TIM board derives from this serial time signal the absolute time of day and date. The time signal is 
decoded in the TIM. The TIM includes furthermore 6 multipurpose timers synchronized to the serial time signal and 2 
repetitive interrupt signals. The absolute time information is accessible via the VME bus to the CPU.  

 

3.1 Time Bus Encoding 

The Time Bus is based on a 1 MHz carrier PWM modulated, to encode the complete time information. The time 
information consists in seconds, minutes, hours and Modified Julian Day (MJD). Every new second a message is 
broadcast encoding the time information concerning that second. The encoding scheme reflects the one used for the 
IRIGB standard, although the type of modulation is different (pulse width in the case of the Time Bus, amplitude 
modulation for the IRIGB). A Time Bus message consists of a sequence of  8 TBD words, each lasting 100ms. The words 
are composed by 10 bit pulses, each lasting 10ms. The bits can assume three levels: logical 0, logical 1 and mark 
depending on the length of the pulse. The logical 0 has a pulse duration of  2ms, (TBD), the logical 1 has a duration of 
5ms and the mark 8ms. The mark is used for synchronization purposes to identify the begin of a word. The first word of a 
message starts with two mark pulses, the following with one mark. Except the first, all the words contain a synch bit 
placed in the fifth position that is always zero. The two-marks sequence is unique within a message and is used to detect 
the new second edge, with an accuracy that is in the order of fraction of a microsecond. Both the BCD (being a time, not 
all the values are legal) encoding and the synchronization bits, increasing the redundancy of the message, help detecting 
possible communication errors. In order to encode the 10 millisecond bit pulses, the carrier is again pulse width 
modulated: 1 is encoded as a 1 MHz carrier having 20% duty cycle, while 1 is encoded as a 80% duty cycle. This 
additional encoding scheme allows keeping the timing accuracy in the range of fraction of microsecond and at a same 
time allows an easy de-modulation by means of a synchronous digital demodulator. 
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4 TIM FUNCTIONAL OVERVIEW 

4.1 General 

 
Figure 2 Block Diagram 

The TIM provides the following functions: 

- reception and decoding of the serialised UTC signal from the Time Bus. 
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-back-up frequency standard. 

- UTC counter and register, accessible from the VME bus. 

- Cyclic interrupts synchronised to UTC, one interrupt every 10 ms and one every 1 second. 

- 6 programmable general purpose timers, each 16 bit, VME interrupt when reaching 0, can be disabled for each 
timer individually 

The TIM board hardware can be divided into the basic functional blocks shown in Figure 2. The timing and VME bus I/O 
functions are implemented in a single FPGA with an external EEPROM storing the FPGA configuration file. An 
additional uC manages the data exchange between RTC backup clock, SRAM memory and FPGA. The hardware 
interfaces are shown as black boxes in the block diagram. 
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5 MICROCONTROLLER 

5.1 General 

The microcontroller manages data exchange between RTC/SRAM (integrated in RTC) and FPGA. The microcontroller 
provides furthermore an interface to the RS232 port at the front panel of the TIM. The microcontroller transmits once 
every second two sets of the Modified Julian Day & current time to the RS232.  

<NUL>�Received time: 055090-15:48:26: 055090-15:48:27:  Status bytes: 70 4C VCO: 5F<HT> <CR> 

The microcontroller allows furthermore access to information stored in the SRAM and RTC data via the RS232 port. The 
microcontroller has an integrated flash which stores the firmware. The microcontroller can be flashed via the serial port. 

Microcontroller serial line protocol 

The RS232 serial line has the following purposes: 

1) Download the firmware 

2) Access the microcontroller internal status 

3)  Provide absolute time information 

 

5.2 Firmware download 

The firmware executed (as well as the Altera Flex chip configuration) can be in field downloaded making it possible the 
upgrade of the card without any hardware change. 

Needless to say, the download is a destructive operation: it replaces the original firmware and therefore it should be 
performed very carefully. The full functionality of the card should be checked after the operation. 

The firmware to be downloaded must be according to Intel HEX format. 

The download procedure is described in Philips data handbook 20 (80C51-based 8-bit microcontrollers). 

 

The firmware is downloaded via a serial port connection using a terminal program i.e. PROCOMM or any other software 
which allows downloading a file in ASCII transfer mode. 

Download protocol settings:  

Baud rate Parity bit No of bits No of stop bit Serial port no. Xon/Xoff Download format 

9600 No 8 1 COM1 Enabled ASCII 

Table 3 – Download settings serial port 

The TIM board must be configured into the bootstrap mode before the download can be performed.  

To configure bootstrap mode: 

• Remove Jumper JP6 + JP10 
• Fit Jumper JP7 + JP8 
• Reset the TIM board (power cycle, or VME reset) 

 

Start terminal program and download the following file as ASCII file. 

File name of firmware:  tim14_1.hex  (current firmware version). 

Successful download is indicated by the microcontroller sending the char “V” to the terminal program.  

 Reconfigure TIM board for testing:  

• Remove Jumper JP7 + JP8 
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• Fit Jumper JP6 + JP10 
• the terminal window shows now the time stamp delivered by the TIM board 

 

5.3 Microcontroller Internal Status Access 

The uC outputs every second a serial string showing the TIM board current status. 

See section 16 concerning format and how to access the information. 

The VCO signal is periodically measured by the microcontroller and can be accessed through the serial port. 

This signal gives a measure of the quality of locking (jitter) of the PLL. When the TB is present it gives an idea rather of 
the precision of the PLL oscillator (which is NOT the local oscillator of the TIM) than of the precision of the TB carrier 
itself (which is by definition, much more accurate). 

 

5.4 Watchdog 

A watchdog is implemented in order to automatically recover from possible firmware jamming. 

If for any reason the watchdog counter inside the microcontroller overruns, a self-reset sequence is started which resets 
the microcontroller and hence the Altera FPGA. Note that the Altera FPGA can reset the microcontroller when the 
sysreset is asserted, but it does not reset the microcontroller when the reset request comes from it, to avoid a deadlock. 

The watchdog is enabled installing the jumper JP6 (default configuration). Once enabled, the internal counter starts 
counting and overflows, forcing the reset after about 300ms, unless it is reset buy the proper sequence of commands 
implemented by the healthy firmware. 

 

To have the periodic reset of the watchdog counter, the following conditions must be met: 

1) The foreground endless loop must be executed at least once per second and have the proper stack pointer value. 

2) No more than (about) 100 interrupts generated either from the CT0 or T0 must be serviced between two 
interrupts generated by CT3 (i.e. the 1 sec pulse). 

 

The mechanism is implemented as follows: 

The reset of the watchdog counter is performed by the wdman routine, called about every 10ms either by the Time 
interrupt service routine (when the time bus is missing) or by the CT0 interrupt service routine if the time bus signal is 
present. This routine resets the watchdog counter if and only if, after having incremented it, the variable wd_count 
content is less than max_wd. The variable wd_count is periodically reset by the CT3 interrupt service routine, called 
every second by the F0 interrupt. The reset can only take place if the WDF flag has been set by the foreground endless 
loop. The foreground loop sets the flag only if the stack pointer has, during its execution, the default value. The threshold 
value max_wd is made variable because under some conditions the counter can overrun. These are initialization and UTC 
time load operation from LCU. 

 

 



 

Time Interface Module, HARDWARE 
MANUAL 

Doc: 
Issue: 
Date: 
Page: 

VLT-MAN-ESO-17300-473
3 
09/09/2009 
18 of 80 

 

 

6 REAL TIME CLOCK AND SRAM 

6.1 General 

The real time clock serves as time back up if the serial time bus is not connected or fails. The real time clock provides 
date and time. The RTC chip has an integrated SRAM which allows storing non-volatile data. The real time clock 
address/data bus is directly connected to the microcontroller.  All data exchange is through the microcontroller. 
Additional data stored in the SRAM. 

 

 

6.2 RTC management 

The RTC used in the TIM is DS1693 by Dallas Semiconductor. See RD11 for details. 
Reference is made to "Timekeeping and NV SRAM Data book"  1996. 
 
The chip is equipped with internal lithium battery and quartz. 
An external battery (auxiliary) can be mounted on the TIM card when the internal one is discharged. 
Replacement type is a Lithium (3.7V) AA size RS Components catalog 185-5659 or equivalent. 

 

 
Figure 3 

RTC healthy: the MSb of D register is set. Otherwise either the chip or the battery is not ok 

RTC initialized: the RTC configuration registers and the internal RAM have the following contents: 

Register A (address 0aH) xx1xxxxx: RTC enabled 

Register B (address 0bH) 00000010  

Register C (address 0cH)  don't care 

Register D  (address 0dH) 10000000  

Locations of internal RAM, bank 0, "TIM01RTC" (signature) 

 

At power up the microcontroller checks the status of the RTC, if it is both healthy and initialized, the internal time 
variable is loaded with the RTC content.  
Otherwise the internal time is set to 0. 
After that, the status of initialization and health are checked every second and the two flags set accordingly. 
The internal time is then written into the RTC as well as the correct configuration (instead of configuring only one, 
although this causes a small amount of overhead). 
If the configuration is not correct, the signature is not recognized, or the clock is not enabled, the microcontroller 
initializes the RTC and sets the RTC fault flag, which will cause a warning flag to be set in the Altera chip, accessible 
from VME and a warning is indicated by flashing of the RED led. 
If the RTC is healthy at the next power-up the RTC will be initialized. 
Otherwise either the RTC or the battery must be replaced. 
 
Every 1-second cycle, the time information in the RTC is updated to the current time. 
 

Size 14.5x 50.5 mm, AA 

Capacity 2.2Ah 

Chemicals Lithium-Thionylchlorid 

Voltage 3.6V (3.7V no load) 

Max permanent current 55mA 

Operating temperature -55°C to +70°C 
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After the function test of the TIM, the RTC clock is stopped. This is done by sending a special configuration command 
via the RS232 terminal. This is done to increase the battery life of the RTC. So the TIM board can be stored without 
discharging the internal RTC battery. The RTC will be initialized automatically (and the RTC error flag will be set) 
during next power up of the TIM. 

 

6.3 RTC integrated counters 

The following additional information stored in the RTC is accessible, for monitoring/diagnostic purposes through the 
RS232 interface (see section 15 on how to access this information): 

 

• Number of total Time Bus failures (including syntax errors, time jumps and framing errors in the TB message) 
• Number of partial Time Bus failures. Same as 1) but reset after every power up 
• VCC elapsed time counter, 4 bytes  Seconds elapsed with power on. 
• VBAT elapsed time counter, 4 bytes  Seconds elapsed since first power up 
• Power cycle counter 2 bytes Number of power on cycles 
 

The RTC is only used at power-up to retrieve the time, in case the Time Bus is not available/reliable, since then, it is 
updated every time a new time is entered either from TB (i.e. a genuine jump of the time is acknowledged) or directly by 
the LCU. 

 

The “Number of Time Bus Errors” counter in the RTC is incremented every time the TIM goes from TB to "No time bus" 
mode. See also section 15.3.3.4. 

 

6.4 Other RTC features 

The RTC is configured for 24 hours BCD time representation The alarm/interrupt features as well as the kick-start and 
automatic wakeup are not used. 

 

Extension of the 1 second interrupt (alarm feature) The 1 second interrupt is extended to an alarm interrupt. The alarm 
interrupt (when enabled, enable is the same of the 1s interrupt), is generated when the current time matches the time 
stored in the alarm registers (additional registers from base address +24hex on) 

Wildcard digits can be used to obtain a periodic interrupt: if a digit has assigned the (not a BCD valid digit) digit F hex it 
always matches the current time. 

At reset, the wildcards are set to generate the standard 1s interrupt: all the digits but the least significant are set to F hex. 

When all the alarm digits are set to F hex, the normal 1Hz interrupt can be generated (the current time matches the alarm 
time every new second). 
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7 PLL- PHASE LOCKED LOOP 

The PLL chip recovers the 1 MHz clock from the PWM Time Bus signal. The “TB OK” = “1” if the PLL is locked (TB 
clock OK), it is “0” in case the PLL is not locked (TB clock not OK). The VCO signal of the PLL is sampled regularly by 
the microcontroller. The voltage of the VCO signal can be read via the RS232 interface. See section 166 for details. All 
frequencies, interrupts etc. are synchronised to this reference clock. If the PLL cannot lock to the Time Bus signal i.e. 
Time Bus signal is not available, the TIM uses the Local 1MHz clock as reference clock.  
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8 LOCAL CLOCK 1 MHZ 

The local clock is provided by a 1MHz quartz on the TIM. The accuracy of the quartz is +/-100ppm. If the Time Bus 
signal is not available “TB OK” = “0”, this clock is used as reference clock for all the TIM. All frequencies, interrupts 
etc are synchronised to this reference clock.  
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9 FPGA 

9.1 General 

The FPGA manages the VME I/O, decodes the time from the serial time signal, generates sync clocks from the serial time 
1 MHz clock or internal 1 MHz reference (if serial time is not available), decodes the serial time bus, creates cyclic 
interrupts, manages gating type selection, clock selection and manages address selection of the 6 timers. The 
configuration data for the FPGA are stored in an external EEPROM. 

9.2 Download PLD configuration file to EEPROM 

To download the PLD settings to the EEPROM a software version of Quartus II Programmer (free at www.altera.com) is 
required as well as a byteBlasterMV which links the TIM board with the parallel port or USB port of the PC. 

The TIM is powered via P1 to 5V. Then the byteBlasterMV cable is connected with the TIM EEPROM programming 
connector JP13. 

9.2.1 Downloading EEPROM settings 

• Start Altera Quartus II Programmer software 
• Select: “Hardware setup”  

o Select: “byteBlasterMV” 
• Click on “Add File” 

o Select: *.pof 
 tim5.pof   to program timboards vers. 2.0 (status: 11.10.2005) 
 tim6.pof to program timboards vers.  2.1 (status: 11.10.2005) 

• Tick:  “Program/Configure 
• Tick:  ”Verify” 
• Click:  “Start” 
• Wait until the download is finished, this may take several minutes 

 
NOTE: The connection of hardware security dongles on the Parallel port may prevent the programming process to be 
successfully completed. 
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10 TIMERS 

The TIM has 6 multi-purpose timers. These timers are all “down-counters”. The timers can be programmed in 6 different 
modes. Each timer triggers a VME interrupt once it reaches 0. The interrupt can be masked. The timer output signal is 
also available on the P2 connector. The timer clock can be selected from 7 frequencies 1Hz, 10Hz, 100Hz, 1kHz, 10kHz, 
100kHz and 1MHz. Various gating possibilities including a hardware input at P2 are available. 

10.1 Timer gating 

In the gating modes 'clear gate', 'hardware gate' and 'set gate', the selected gate signal and the selected clock frequency are 
directly fed to the timer. 

10.2 Gating on 'next 100 millisecond' 

The programming sequence as described in chapter Error! Reference source not found. has to be followed. 

Just before the end of the current 100 millisecond, the hardware signal 'DOTX99' is generated. This signal sets a flip flop 
if 'gate next 100 millisecond' is selected. 

In this way, there is always a clock pulse of 0.5 us just before the 1 second edge, irrespective of the selected clock 
frequency. 

The falling edge of the pulse (which is at the 100 millisecond edge) loads the timer. From that moment on, clock pulses 
are fed to the timer. 
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11 INTERRUPTS 

The TIM provides 8 different interrupts. 6 interrupts triggered by the timers when reaching 0. The other 2 interrupts are 
cyclic, default 10ms and 1sec. All interrupts can be masked (disabled). The interrupts are available on the VME bus as 
well as on the P2 connector. The signal on the P2 connector is a rising edge from 0 to 1. 

Each of the 8 possible interrupt sources (can trigger a flipflop if the corresponding interrupt enable bit is set). 

Each interrupt has to be cleared by pulsing (setting and clearing) the Interrupt Clear bit, which clears the interrupt flip 
flop. This has to be done by the interrupt service routine (Release On Register Access, RORA). 
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12 UTC  

12.1 General 

The UTC decoder derives UTC time from the Serial Time Bus signal. The UTC time is accessible via VME bus and by 
the microcontroller. The microcontroller updates its UTC counter once every second as long as the Time Bus signal is 
available. The UTC counter can also be written to via the VME bus. 

12.2 Time Bus decoding 

The Time Bus signal is a serial coded signal based on the IRIG-B coding scheme. The modulation is however completely 
different: 

The signal is a (fiber optic) digital pulse width modulated (PWM) signal with a carrier frequency of 1MHz. The bit value 
'0' corresponds with a duty cycle of 20%, while a '1' corresponds with a 80% duty cycle. The 1MHz carrier is locked in a 
Phase Locked Loop. This PLL generates a TBCLK signal with 50% duty cycle, which is used throughout the TIM as 
synchronous clock signal '1MHZ'. The falling edge of this signal is used to clock the data bit. As the IRIG-B code is 
based on a bit time of 1 ms, the shift of the data into the shift register (serial to parallel converter) is done with this 
frequency. 

As soon as a part of the time frame is decoded, a corresponding load pulse is generated. This loads the decoded part into 
the UTC counter. The loading occurs at the first microsecond after the corresponding field in the IRIG-B code frame. 

The 'PLL locked' signal is used as TBOK signal. When the Time Bus signal is lost, TBOK will go low about 12 us after 
the last Time Bus pulse. This sets LOCAL. TBCLK will drift only < 0.5 us during this time interval. A quartz oscillator 
will continue to provide an accurate 1MHz signal as soon as TBOK goes low, see the timing diagram in the appendix. 

12.3 UTC reading 

The VME 'FREEZEIN' signal is clocked with the falling edge (i.e. the non-significant edge) of the 1 MHz counting clock. 
This allows the UTC counter to settle before it is latched. 

Result is that the hardware 'FREEZE' signal has a delay that varies between 0 and 1 microsecond. 

12.4 UTC writing 

In normal operation, the UTC which is decoded from the Time Bus is loaded into the UTC counter. This operation is 
repeated every second. 

In local mode, the UTC can be loaded via the VME bus. 

The first step of writing to the UTC counter is to write data to the UTC registers. This does not yet load the data into the 
UTC counter. 

Then, pulsing (set and then clear) the VME signal 'LUTC' loads this data synchronously for all registers. The actual 
loading is always in at a different time than the 1MHz UTC counter clock. This is to respect the set-up and hold times of 
the counter: the hardware load signal changes state on the falling edge of the clock only, while loading occurs on the 
rising edge. 

 

The board access time is set to 1.2 microsec. By this, pulsing 'LUTC' can be done in 2 subsequent VME accesses: there 
will always be a rising clock edge in between to load the counter, even with a very fast CPU. 
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13 HARDWARE INTERFACES 

 
Figure 4 TIM with default JP configuration
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13.1 VME bus connection 

Type Slave module 

Card size 6U, 4HP 

Address A16, board occupies 128 byte of memory space 

Address modifier 29hex or 2D hex (short supervisory and short non privileged I/O 

Data D16, D08(EO) 

Interrupter D08(O), I(1-7), RORA 

Table 4 VME bus 

13.2 Power requirements 

5V/650mA VME 

12V/0mA – 40mA 0mA if time bus front used 
40mA TIM backplane fitted 

Table 5 Power 

13.3 Local mode (Time Bus signal not available) 

Error in the time at a switching from 'normal' to 'local' mode: < 2 us (typ. 1.5 us) 

Overall frequency stability of the quartz oscillator: < +/- 100 ppm 

Table 6 Timing information local mode 

13.4 Propagation delays within the TIM board 

Propagation delay from (Fiber Optic) Time Bus input to:  

the VME interrupt request (IRQx): < 350 nanosec (typ. 300 ns) 

the significant edge of the timer output on P2: < 250 nanosec (typ. 200 ns) 

the significant edge of the frequency outputs on P2: < 250 nanosec (typ. 200 ns) 

Propagation delay and absolute accuracy to UTC  <10us 
 

Table 7 Propagation delay
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13.5 Jumper configuration 

The default jumper settings are marked yellow in the table below:  

Jumper Position (short 
betw. pins) 

Comment 

JP1  
17 - 18 
15 – 16 
15 - 16 , 13 – 14 
15 - 16 , 11 – 12 
15 - 16 , 9 – 10 
 15 - 16, 7 – 8 
 15 – 16, 5 – 6 
 15 – 16, 3 – 4 
 15 - 16 , 1 - 2 

Board hex address default setting 
     80h 
0100 h 
0200 h 
0400 h 
0800 h 
1000 h 
2000 h 
4000 h 
8000 h 

JP2  
1 - 2 
3 - 4 
5 - 6 
7 – 8 
9 – 10 
11 - 12 
13 - 14 

Interrupt settings 
Level 1     IRQ1 
Level 2     IRQ2 
Level 3     IRQ3 
Level 4     IRQ4 
Level 5     IRQ5 
Level 6     IRQ6 
Level 7     IRQ7 

JP3  
1-2 
3-4 
1 – 2,  3 – 4 
5 – 6 
1 – 2, 5 – 6 
3 -4, 5 - 6 
1 - 2, 3 – 4 
 

Interrupt settings 
Level 1     IRQ1 
Level 2     IRQ2 
Level 3     IRQ3 
Level 4     IRQ4 
Level 5     IRQ5 
Level 6     IRQ6 
Level 7     IRQ7 

JP4 1-2 
3-4 

TIME BUS input at backplane connector, TB+, TB- 
TIME BUS input at front panel, optical input, FO 

JP5 open 
1-2 
 

Terminates electrical TIME BUS on backplane into 120 Ohms. This 
jumper is only to be set on the last TIM board, the most furthest 
away from the TIME BUS input if the time bus is electrically 
connected to several TIM boards. 

JP6 open 
1-2 

 remove for FIRMWARE download 
Watchdog enable 
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Jumper Position (short 
betw. pins) 

Comment 

JP7 open 
1-2 

 
Fit for FIRMWARE download 

JP8 open 
1-2 

 
Fit for FIRMWARE download 

JP9 open 
1-2 

 
Fit to reset μC 

JP10 open 
1-2 

To be removed for FIRMWARE download 
Connects AGND to DGND, 

JP11   
1 - 2 
2 - 3 

Serial interface P3 - Serial line & Display 
Pin 5 P3 connected to VCC via 270 Ohm, short to pin 9 P3 
Pin 5 P3 connected to GND 
Pin 5 can be operated as open collector or with a pull up to 5V 

JP13 open Connector for PLD EEPROM download 

JP14 1-2 PLD Altera Flex, function  

JP18 1-2 PLD Altera Flex, function  

JP19 open PLD Altera Flex, function  

JP30 open μC  Function  

JP31* open  
1-2 

For revision 2 + 2.1 of TIM board 
Fit to emulate functions of TIM rev 0/1 (with multiple PLD ). 

Figure 5 Jumper Settings 

Note: Pin 1 of the jumper is the one with the square pin footprint which can be seen at the bottom of the TIM board. 

 

*Compatibility with TIM Rev 0/1: 

This feature is currently not supported by VLT software. Therefore the jumper setting is irrelevant.  
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13.6 LEDs front panel 

The front panel has 3 LEDs. 

GREEN 
OK when TBOK set & INT_time cleared 

Flashes at 1 Hz if TBOK set & INT_time cleared 
OFF when TBOK cleared 

RED 

On when in local mode and RTC OK 
OFF when NOT in local mode and RTC OK 

Flashes at 1 Hz with short duty cycle when not in local mode and RTC NOT OK 
Flashes at 1 Hz with long duty cycle when local mode and RTC NOT OK 

Yellow Flashes 1 Hz long duty cycle when “TB_fault” & “TB_error” are cleared, Flashes 
1 Hz with short duty cycle when “TB_fault” or “TB_error” are set 

Figure 6 LED 

 

13.7 COMPOS TP front panel 

Buffered differential “Serial Time Bus Signal”. The Time Bus signal can be decoded for debugging purpose by 
connecting a LP filter fg ~ 1.5kHz to this test pins. A digital storage scope connected to the LP filter output must 
log the Time Bus signal for >1sec. The log pattern is shown in the appendix Figure 7. 

13.8 Time Bus FO input  

ST connector. FO time bus input, λ=820nm. 

13.9 RS232 Interface 

P3 pin: Function: 

1 HWG0 In (ext Gate timer 0) 

2 TX RS232 

3 RX RS232 

4 Time Bus signal OC 

5 Connected to pin 9 or GND (JP11)

6 Freq2 OC (100Hz) 

7 TOUT1 OC (Timer1 Out) 

8 TOUT0 OC (Timer0 Out) 

9 Pull-up (270 Ohms) to +5V 

Figure 7 SubD 9 connector 

The SubD 9 connector in the front panel has two functions. 

- Serves as serial port for communication and flashing the uC (JP 11 fitted at pos 2-3, default) 

- Interface for a time display (serial time signal is provided at pin 4) 

The serial time signal (received from the Time Bus) is available as an open collector TTL signal at the SubD9 connector 
(P3) on the front panel. A 5V with a 270 Ohms series resistor is also available. There is no power for the display 
available: the input of the display must be a diode of an optocoupler. 
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13.10 P1 connector 

Pin Row a Row b Row c 
1 D00 BBSY* D08 
2 D0l BCLR* D09 
3 D02 ACFAIL* D010 
4 D03 BG0IN* D11 
5 D04 BG0OUT* D12 
6 D05 BG1IN* D13 
7 D06 BGIOUT* Dl4 
8 D07 BG2IN* D15 
9 GND BG20UT* GND 
10 SYSCLK BG3IN* SYSFAIL* 
11 GND BG30UT* BERR* 
12 DS1* BR0* SYSRESET*
13 DSO* BR1* LWORD* 
14 WRITE* BR2* AM5 
15 GND BR3* A23 
16 DTACK* AM0 A22 
17 GND AMI A21 
18 AS* AM2 A20 
19 GND AM3 A19 
20 lACK* GND A18 
21 IACKIN*  A17 
22 IACKOUT*  A16 
23 AM4 GND A15 
24 A07 IRQ7* A14 
25 A06 IRQ6* A13 
26 A05 IRQ5* A12 
27 A04 IRQ4* A11 
28 A03 IRQ3* A10 
29 A02 IRQ2* A09 
30 A01 IRQI* A08 
31 -12VDC +5VSTDBY +12VDC 
32 +5VDC +5VDC +5VDC 

Table 8 

Pin assignments for VME bus P1 connector reprinted from RD13. Not all pin functions are used by the TIM. 
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13.11 P2 connector 

Pin Row a Row b Row c 
1 Frequency output 7 (Low) * DGND 
2 Frequency output 6 (1MHz) * DGND 
3 Frequency output 5 (100kHz) * DGND 
4 Frequency output 4 (10kHz) * DGND 
5 Frequency output 3 (1kHz) * DGND 
6 Frequency output 2 (100Hz) * DGND 
7 Frequency output 1 (10Hz) * DGND 
8 Frequency output 0 (1Hz) * DGND 
9 Timer 5 output * DGND 
10 Timer 4 output * DGND 
11 Timer 3 output * DGND 
12 Timer 2 output * DGND 
13 Timer 1 output * DGND 
14 Timer 0 output * DGND 
15 Interrupt output pos edge (VME bus) * DGND 
16 Spare output, set to low TTL level * DGND 
17 Timer 5 gate input * DGND 
18 Timer 4 gate input * DGND 
19 Timer 3 gate input * DGND 
20 Timer 2 gate input * DGND 
21 Timer 1 gate input * DGND 
22 Timer 0 gate input * DGND 
23 Dig. ground * DGND 
24 Time Bus + (RS485) input * DGND 
25 Time Bus - (RS485) input * DGND 
26 Dig. ground * DGND 
27 Not connected * DGND 
28 Not connected * DGND 
29 Not connected * DGND 
30 Not connected * DGND 
31 VME -12 Volt * VME +12 Volt 
32 VME +5 Volt * VME + 5 Volt 

Figure 8 P2 connector 
 

* P2.Bxx reserved according to VME64 bus spec 

All P2 outputs are buffered and provide TTL level output signals with output currents of +/-6mA. 

Output current of VM 12V and 5V depends on the PSU providing VME bus supply at P1. 
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13.11.1 TIM Backplane Receiver 

The Time Bus should enter via P2 in a typical installation. This avoids the need to connect the (fragile) fiber via the front 
panel. A small printed circuit board, which receives the optical Time Bus signal and transforms it into a differential TTL 
signal, is available for that purpose. This PCB is identified as ‘TIM Backplane Receiver’. It must be mounted in the VME 
chassis such that the P2 connector of the TIM board fits into the J1 connector of the Backplane Receiver. 

All TIM P2 connections (Table 8), except the Time Bus + and Time Bus - signals, are available on the J2 connector of the 
TIM Backplane Receiver with the same pin assignment. 

The JP1 on the TIM Backplane Receiver allows the following selection for the Time Bus signal: 

JP1 jumper 
(on Backplane Receiver): 

Time Bus Connection (U3 is the fiber optical connector on the Backplane 
Receiver): 

1-2 in, 5-6 in: Time Bus fiber connected on TIM backplane receiver (U3), route to TIM 
P2 only. (Default setting) 

1-2, 3-4, 5-6, 7-8 
(all 4 jumpers in): 

Time Bus fiber connected on TIM backplane receiver (U3), route to TIM 
P2 and Backplane Receiver J2. 

3-4 in, 7-8 in: Receive Time Bus from Backplane Receiver J2; i.e. do not use the fiber 
optical receiver on the TIM backplane receiver (U3). 

Other combinations: illegal. 
The location and the pin numbering of JP1 on the TIM Backplane Receiver are shown in fig. 1. 

 

 
 

Fig. 1. TIM Backplane Receiver JP1 jumper pin numbering. 
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14 USING THE TIM TO INTERFACE NONE VME SYSTEMS WITH THE TIME BUS 

The TIM board can also be used to synchronise non-VME systems with the Time Bus to synchronise hardware to the 
VLT Time Reference System. The timer functions are not available in this case. 

The absolute time is provided on the RS232 output. 7x reference clocks are available on the P2 connector interface at Pin 
A1 to A8. All clocks are synchronised on the falling edge. Every second the RS232 puts out a string showing:  

Modified Julian Day-Time-1sec: Modified Julian Day-Time-now  

The second starts on the falling edge of Freq 0, Pin A8. Freq 0 can be used as 1pps signal. 

To power the TIM, +5V/650mA must be provided between PIN A32 and C30.  

Jumper 11 must short pin 2-3 to provide GND at Pin5 of the Serial port interface. The transmitted time is available from 
Pin 3. 

 

Time Bus signal available: 

<NUL>�Received time: 055090-15:48:26: 055090-15:48:27:  Status bytes: 70 4C VCO: 5F<HT> <CR> 

Time Bus signal not available or cannot be decoded: 

<NUL>� No time bus 055001-15:48:28: 055090-15:48:29:  Status bytes: 31 58 VCO: 5F<HT> <CR> 

 

 

Pin Row a Row b Row c 
1 Frequency output 7 (Low) * DGND 
2 Frequency output 6 (1MHz) * DGND 
3 Frequency output 5 (100kHz) * DGND 
4 Frequency output 4 (10kHz) * DGND 
5 Frequency output 3 (1kHz) * DGND 
6 Frequency output 2 (100Hz) * DGND 
7 Frequency output 1 (10Hz) * DGND 
8 Frequency output 0 (1Hz) * DGND 
9  * DGND 
29  * DGND 
30  * DGND 
31    
32 VME +5 Volt * VME + 5 Volt 

Table 9 P2 connections for stand-alone mode 
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15 SOFTWARE INTERFACE 

15.1 Address Mapping 

Base+ (hex) High byte (D15 through D8) Low byte (D7 through D0) 

0 timer 0 config timer 0 data 

2 timer 1 config timer 1 data 

4 timer 2 config timer 2 data 

6 not used timer control, 0 through 2 

8 timer 3 config timer 3 data 

a timer 4 config timer 4 data 

c timer 5 config timer 5 data 

e not used timer control, 3 through 5 

10 interrupt source interrupt status/ID 

12 UTC status UTC status 

14 not used not used 

16 not used not used 

18 0 microsec, high byte 

1a microsec, middle byte microsec, low byte 

1c minutes seconds 

1e Additional UTC status hours 

20  Modif. Julian Day, high byte 

22 Modif. Julian Day, middle byte Modif. Julian Day, low byte 

24   

   

2c 
2e 
30 
32 

Reserved 
Reserved 
Reserved 
Reserved 

 

34 And upwards: not used  

Table 10 TIM address map 

Note: 'not used' results in a reading of 0xff. 

 

The TIM board occupies 128 (decimal) bytes of memory address space. The base address is jumper programmable as 
described in chapter 0. 

The 'high byte' is defined as data bit 15 through 8, while the 'low byte' is bit 7 through 0. 

Bit 15 (or bit 7) is the most significant bit. 
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15.2 Timers 

15.2.1 General 

The timers consist of two multi-purpose timer chips, each having 3x 16 bit timers. The timers are selected by the VME 
bus address decoder implemented in the FPGA. All 6 timers are function identically. The timer counts only from a preset 
value down to 0. A preset value of 0 = the highest possible count (2^16). The timer has 6 counting modes. Furthermore, 
the timer allows 3 different modes for gating incl. ext gating. The timer clock can be selected from 7 different clocks 
synchronized to the serial time clock or the internal 1 MHz clock (if serial time is not available). All 6 timer hardware 
outputs are available at the P2 connector. 

 

The programmable timers are based upon the 82C54 timer chip, which contains 3 timers.  

There is one timer control register per three timers. There are 2 chips implemented, resulting in a total of 6 timers. The 6 
timers are numbered: 0 through 5. 

 

Each timer has an associated configuration register, where the clock frequency, gating and interrupt can be programmed. 

 

The timer functions are selected by writing of the CPU into the control register. 

 

Each timer operating mode is set by (in this sequence): 

• configuration register programming  15.2.9.4  

• control register programming  15.2.9.1 

• data register programming  0 

• configuration register programming (select gating and interrupt mode)  15.2.9.4 

 

The timers are set to 0000 hex during control register setting. The timer value 0000 hex cannot be read. 

The output of each timer can generate interrupt if the interrupt is enabled. 

The timer data bus is 8 bit wide. In order to use 16 bit count values, the control register has to be programmed 
accordingly and the 2 bytes with the count value can be loaded sequentially into the data register. 

 

The configuration registers are not part of the timer chip. They provide: 

• selection of clock frequency. 

• selection of timer gating source. 

• interrupt enable and interrupt clear. 

• status of timer gating signal (VME read only). 

 

 

15.2.2 Clock frequency 

The clock frequency can be programmed from 1 Hz to 1 MHz in steps of a factor 10. 

The clock frequencies are synchronous with the Universal Time Coordinated, generated by the UTC section of the 
module. 

The timers use the falling edge of the clocks as the active one. 

In addition, there is the possibility to select a frequency 0 (set clock signal to low logic level). This is used during the set-
up to set 'gate next 100 millisecond', see chapter 15.2.3 
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15.2.3 Gating source 

The gating source can be programmed, one out of 4 possible sources: 

• Clear gate signal, timer stops. 

• (External) hardware gating signal (P2) 

• Set gate signal, timer runs. 

• Set gate signal at the next 100 millisecond. 

 

The last mode allows synchronisation of more than one timer, even if they are in different LCU's. 

However, the timer needs to be set up in the following sequence to provide proper and unambiguous start: 

• After a 100 millisecond edge, the timer is first set to 'clear gate' mode with clock frequency 0 Hz (= 
low logic level). 

• Program timer mode and count value. 

• Set 'gate next 100 millisecond', clock frequency and, if needed, interrupt enable. 

One has to make sure that this timer set-up is finished before the 'next' 100 millisecond comes. Only in that case one can 
be sure of the correct start of the timer. 

 

Notes: 

1. The timer is loaded at the edge of the 'next' 100 millisecond. There is no timer output pulse at that 
moment. From that moment on, clock pulses are fed to the timer. 

2. If a repetitive mode is selected: the time between the '100 millisecond edge' to the first rising timer 
output is the same as between the first  and the second rising edge of the timer output. 

15.2.4 Interrupt 

Each timer can be enabled to generate an interrupt signal to the VME bus. The rising edge of the timer output sets its 
interrupt flip flop. 

Each interrupt has to be cleared by setting and clearing the Interrupt Clear bit, which clears the interrupt flip flop. This 
has to be done by the interrupt service routine (Release On Register Access, RORA). 
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15.2.5 Timer modes 

15.2.5.1 Time mode definitions 

The following are defined for use in describing the operation of the 82C54.  

CLK PULSE: A rising edge, then a falling edge, in that order, of a Counter’s CLK input. 

TRIGGER: A rising edge of a Counter’s Gate input. 

COUNTER LOADING: The transfer of a count from the CR to the CE (See “Functional Description”) 

The following descriptions of timer modes are copied from RD12. Refer to this reference if more information on 
the subject of timers is required. 

 

15.2.5.2 Mode 0 - Interrupt on Terminal Count 

Mode 0 is typically used for event counting. After the Control Word is written, OUT is initially low, and will 
remain low until the Counter reaches zero. OUT then goes high and remains high until a new count or a new Mode 
0 Control Word is written to the Counter. GATE = 1 enables counting; GATE = 0 disables counting. GATE has no 
effect on OUT. After the Control Word and initial count are written to a Counter, the initial count will be loaded on 
the next CLK pulse. This CLK pulse does not decrement the count, so for an initial count of N, OUT does not go 
high until N + 1 CLK pulses after the initial count is written. If a new count is written to the Counter it will be 
loaded on the next CLK pulse and counting will continue from the new count. If a two-byte count is written, the 
following happens:  

(1)Writing the first byte disables counting. Out is set low immediately (no clock pulse required). 

(2)Writing the second byte allows the new count to be loaded on the next CLK pulse. 

This allows the counting sequence to be synchronized by software. Again OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. If an initial count is written while GATE = 0, it will still be loaded on the 
next CLK pulse. When GATE goes high, OUT will go high N CLK pulses later; no CLK pulse is needed to load 
the counter as this has already been done. 
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15.2.5.3 Mode 1 - Hardware Retriggerable One-Shot 

OUT will be initially high. OUT will go low on the CLK pulse following a trigger to begin the one-shot pulse, and 
will remain low until the Counter reaches zero. OUT will then go high and remain high until the CLK pulse after 
the next trigger. After writing the Control Word and initial count, the Counter is armed. A trigger results in loading 
the Counter and setting OUT low on the next CLK pulse, thus starting the one-shot pulse N CLK cycles in 
duration. The one-shot is retriggerable, hence OUT will remain low for N CLK pulses after any trigger. The one-
shot pulse can be repeated without rewriting the same count into the counter. GATE has no effect on OUT. If a new 
count is written to the Counter during a one-shot pulse, the current one-shot is not affected unless the Counter is 
retriggerable. In that case, the Counter is loaded with the new count and the one-shot pulse continues until the new 
count expires. 
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Figure 9 

 

 

15.2.5.4 Mode 2 – Rate Generator  

This Mode functions like a divide-by-N counter. It is typically used to generate a Real Time Clock Interrupt. OUT 
will initially be high. When the initial count has decremented to 1, OUT goes low for one CLK pulse. OUT then 
goes high again, the Counter reloads the initial count and the process is repeated. Mode 2 is periodic; the same 
sequence is repeated indefinitely. For an initial count of N, the sequence repeats every N CLK cycles. GATE = 1 
enables counting; GATE = 0 disables counting. If GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial count on the next CLK pulse; OUT goes low N CLK 
pulses after the trigger. Thus the GATE input can be used to synchronize the Counter. After writing a Control 
Word and initial count, the Counter will be loaded on the next CLK pulse. OUT goes low N CLK pulses after the 
initial count is written. This allows the Counter to be synchronized by software also. Writing a new count while 
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counting does not affect the current counting sequence. If a trigger is received after writing a new count but before 
the end of the current period, the Counter will be loaded with the new count on the next CLK pulse and counting 
will continue from the end of the current counting cycle. 

 
Figure 10 

 

 

15.2.5.5 Mode 3 - Square Wave Mode 

Mode 3 is typically used for Baud rate generation. Mode 3 is similar to Mode 2 except for the duty cycle of OUT. OUT 
will initially be high. When half the initial count has expired, OUT goes low for the remainder of the count. Mode 3 is 
periodic; the sequence above is repeated indefinitely. An initial count of N results in a square wave with a period of N 
CLK cycles. GATE = 1 enables counting; GATE = 0 disables counting. If GATE goes low while OUT is low, OUT is set 
high immediately; no CLK pulse is required. A trigger reloads the Counter with the initial count on the next CLK pulse. 
Thus the GATE input can be used to synchronize the Counter. After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This allows the Counter to be synchronized by software also. Writing a new count 
while counting does not affect the current counting sequence. If a trigger is received after writing a new count but before 
the end of the current half-cycle of the square wave, the Counter will be loaded with the new count on the next CLK pulse 
and counting will continue from the new count. Otherwise, the new count will be loaded at the end of the current half-
cycle. 
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Figure 11 

Mode 3 is implemented as Follows: 

EVEN COUNTS: OUT is initially high. The initial count is loaded on one CLK pulse and then is decremented by two 

on succeeding CLK pulses. When the count expires, OUT changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. ODD COUNTS: OUT is initially high. The initial count is loaded on 
one CLK pulse, decremented by one on the next CLK pulse, and then decremented by two on succeeding CLK pulses. 
When the count expires, OUT goes low and the Counter is reloaded with the initial count. The count is decremented by 
three on the next CLK pulse, and then by two on succeeding CLK pulses. When the count expires, OUT goes high again 
and the Counter is reloaded with the initial count. The above process is repeated indefinitely. So for odd counts, OUT will 
be high for (N + 1)/2 counts and low for (N - 1)/2 counts. Mode 4: Software Triggered Mode OUT will be initially high. 
When the initial count expires, OUT will go low for one CLK pulse then go high again. The counting sequence is 
“Triggered” by writing the initial count. GATE = 1 enables counting; GATE = 0 disables counting. GATE has no effect 
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on OUT. After writing a Control Word and initial count, the Counter will be loaded on the next CLK pulse. This CLK 
pulse does not decrement the count, so for an initial count of N, OUT does not strobe low until N + 1 CLK pulses after 
the initial count is written. If a new count is written during counting, it will be loaded on the next CLK pulse and counting  
will continue from the new count. If a two-byte count is written, the following happens:  

(1)Writing the first byte has no effect on counting. 

(2)Writing the second byte allows the new count to be loaded on the next CLK pulse. 

This allows the sequence to be “retriggered” by software. OUT strobes low N + 1 CLK pulses after the new count of N is 
written. 

15.2.5.6 Mode 4: Software Triggered Mode 

OUT will be initially high. When the initial count expires, OUT will go low for one CLK pulse then go high again. The 
counting sequence is “Triggered” by writing the initial count. GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. After writing a Control Word and initial count, the Counter will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for an initial count of N, OUT does not strobe low until N + 1 
CLK pulses after the initial count is written. If a new count is written during counting, it will be loaded on the next CLK 
pulse and counting will continue from the new count. If a two-byte count is written, the following happens:  

(1)Writing the first byte has no effect on counting. 

(2)Writing the second byte allows the new count to be loaded on the next CLK pulse. 

This allows the sequence to be “retriggered” by software. OUT strobes low N + 1 CLK pulses after the new count of N is 
written. 
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Figure 12 
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15.2.5.7 Mode 5: Hardware Triggered Strobe (Retriggerable) 

OUT will initially be high. Counting is triggered by a rising edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. After writing the Control Word and initial count, the counter will not 
be loaded until the CLK pulse after a trigger. This CLK pulse does not decrement the count, so for an initial count of N, 
OUT does not strobe low until N + 1 CLK pulses after trigger. A trigger results in the Counter being loaded with the 
initial count on the next CLK pulse. The counting sequence is triggerable. OUT will not strobe low for N + 1 CLK pulses 
after any trigger GATE has no effect on OUT. If a new count is written during counting, the current counting sequence 
will not be affected. If a trigger occurs after the new count is written but before the current count expires, the Counter will 
be loaded with new count on the next CLK pulse and counting will continue from there. 

 
Figure 13 
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15.2.6 Gate 

The GATE input is always sampled on the rising edge of CLK. In Modes 0, 2, 3 and 4 the GATE input is level sensitive, 
and logic level is sampled on the rising edge of CLK. In modes 1, 2, 3 and 5 the GATE input is rising-edge sensitive. In 
these Modes, a rising edge of Gate (trigger) sets an edgesensitive flip-flop in the Counter. This flip-flop is then sampled 
on the next rising edge of CLK. The flip-flop is reset immediately after it is sampled. In this way, a trigger will be 
detected no matter when it occurs - a high logic level does not have to be maintained until the next rising edge of CLK.  
Note that in Modes 2 and 3, the GATE input is both edgeand level-sensitive. 

 
Figure 14 Gate Pin operations summary 

15.2.7 Counter 

New counts are loaded and Counters are decremented on the falling edge of CLK. The largest possible initial count is 0; 
this is equivalent to 2^16 for binary counting and 10^4 for BCD counting. The counter does not stop when it reaches zero. 
In Modes 0, 1, 4, and 5 the Counter “wraps around” to the highest count, either FFFF hex for binary counting or 9999 for 
BCD counting, and continues counting. Modes 2 and 3 are periodic; the Counter reloads itself with the initial count and 
continues counting from there. 

 
Figure 15 Minimum and maximum initial counts 

NOTE: 0 is equivalent to 2^16 for binary counting and 10^4 for BCD counting. 

 

15.2.8 Reading timer values 

All timers are down counting, the counting being in steps of 2 in mode 3. Timer values can be read during counting by: 

• direct reading, 

• timer latching, or 
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• read back command. 

15.2.8.1 Direct reading 

Timer values can be read by reading operations to the timer data register. It is necessary to stop the counting by a gate 
signal, as the timing between the read operation and the timer clock signal is not guarantied. 

15.2.8.2 Timer latching 

The timer is latched by writing a timer latch command, thereby enabling a stable value to be read without affecting the 
counting in any way at all. The output latch of the timer latches the count value when a timer latch command is written. 
The count value is held until it is read by the CPU or the control register is set again. 

If a timer latch command is written again before reading while a certain timer is latched, the second timer latch command 
is ignored and the value latched by the first timer latch command is maintained. 

 

When a timer is programmed for the 2 byte timer value, the following sequence is possible: 

• Count value (LSB) reading. 

• New count value (LSB) writing. 

• Count value (MSB) reading. 

• New count value (MSB) writing. 

15.2.8.3 Read back command 

Use of the read back command allows the user to check the count value, program mode, timer output state and null count 
flag of the selected timer. 

The command is written in the control register. 

It is possible to latch multiple timers by using the read back command. Latching of a read timer is automatically cancelled 
but other timers are kept latched. If multiple read back commands are written for the same timer, commands other than 
the first one are ignored. 

 

It is also possible to latch the status information of each timer by using the read back command. The status of a certain 
timer is read when the timer data register is read. 

 

Null count indicates that the count value finally written in the timer data register has been loaded in the timer. The time 
when the count value was loaded in the timer depends on the mode of each timer, and it cannot be known by reading the 
timer value because the count value does not tell the new count value if the timer is latched. 

The null count operation is: 

 

Operation: Result: 

 Control register writing Null count=1 

 Data register writing Null count=1 

 New count load to timer Null count=0 

 

The null count operation for each timer is independent. When the 2 byte count is programmed, the null count is set to 1 
when the count value of the second byte is written. 

If both the count and status are latched, the status latched in the first read operation to the timer data register is read. The 
order of count latching and status latching is irrelevant. The count(s) of the next one or two reading operations is or are 
read. 

If status latching is carried out multiple times before status reading, other than the first status latch is ignored. 
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Simultaneous latching of the count and status of the selected timer is also possible. For this purpose, set bits D4 and D3, 
COUNT\ and STAT\ bits, to '00'. This is functionally the same as writing two separate read back commands at the same 
time. If timer/status latching is carried out multiple times before reading, other than the first one is ignored here again. 
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15.2.9 Timer Register assignment 

15.2.9.1 Timer control register 

Location: Base+0x6 (for timer 0 through 2) or Base+0xE (for timer 3 through 5), low byte 

D7 D6 D5 D4 D3 D2 D1 D0 

SC1 SC0 RL1 RL0 M2 M1 M0 BCD 

Select timer Read/Load Mode BCD 
 

SC1 SC0 Set contents 

0 0 Timer # 0 selection (# 3 respectively) 

0 1 Timer # 1 selection (# 4 resp.) 

1 0 Timer # 2 selection (# 5 resp.) 

1 1 Read back command, see note 
 

Note: the 'Read back command' uses different assignment for D5 through D0. See chapter 15.2.9.3.1 

 

RL1 RL0 Set contents 

0 0 Timer  latch operation 

0 1 Reading/Loading of Least Significant Byte 

1 0 Reading/Loading of Most Significant Byte 

1 1 Reading/Loading of LSB followed by MSB 
 

M2 M1 M0 Set contents 

0 0 0 Mode 0, Interrupt on terminal count 

0 0 1 Mode 1, Programmable one shot 

0 1 0 Mode 2, Rate generator 

x 1 1 Mode 3, Square wave generator 

1 0 0 Mode 4, Software triggered strobe 

1 0 1 Mode 5, Hardware triggered strobe 
 

BCD Set contents 

0 Binary count (8 or 16 bits binary, depending on setting of RL bits) 

1 BCD count (2 or 4 decades BCD, depending on setting of RL bits) 
 

15.2.9.2 Timer data register 

The data register allows writing and reading the count values. 

 

Locations: 

Base + 0x0, low byte: timer 0, 
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Base + 0x2, low byte: timer 1, 

Base + 0x4, low byte: timer 2, 

Base + 0x8, low byte: timer 3, 

Base + 0xA, low byte: timer 4, 

Base + 0xC, low byte: timer 5. 

 

D7 D6 D5 D4 D3 D2 D1 D0 

MSB...   ...LSB 
 

 

15.2.9.3 Control & Data register for Read back. 

15.2.9.3.1 Control register (write) 

Location: Base+0x6 (for timer 0 through 2) or Base+0xE (for timer 3 through 5), low byte 

D7 D6 D5 D4 D3 D2 D1 D0 

1 1 COUNT\ STAT\ CNT2 CNT1 CNT0 0 
 

D7, D6: '1' (Read back select). 

D5: '0'= Selected timer count latch operation. 

D4: '0'= Selected timer status latch operation. 

D3: '1'= Timer # 2 (5 resp.) selection. 

D2: '1'= Timer # 1 (4 resp.) selection. 

D1: '1'= Timer # 0 (3 resp.) selection. 

D0: '0'= Fixed. 

 

15.2.9.3.2 Data register (read) 

Locations: 

Base + 0x0, low byte: timer 0, 

Base + 0x2, low byte: timer 1, 

Base + 0x4, low byte: timer 2, 

Base + 0x8, low byte: timer 3, 

Base + 0xA, low byte: timer 4, 

Base + 0xC, low byte: timer 5. 

 

D7 D6 D5 D4 D3 D2 D1 D0 

OUT NULL RL1 RL0 M2 M1 M0 BCD 
 

D7: '1'= Output pin status is 1. 

 '0'= Output pin status is 0. 
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D6: '1'= Null count. 

 '0'= Count value register is effective. 

D5 through D0: Programmed mode of the timer. See chapter Error! Reference source not found. 

 

15.2.9.4 Timer configuration register 

It is useful to write into the timer configuration register by using byte access: the configuration register is are in the same 
(16 bit) word as the timer data register. Writing to the data register results in a new count value. 

 

Locations: 

Base + 0x0, high byte timer 0, 

Base + 0x2, high byte timer 1, 

Base + 0x4, high byte timer 2, 

Base + 0x8, high byte timer 3, 

Base + 0xA, high byte timer 4, 

Base + 0xC, high byte timer 5. 

 

D15 D14 D13 D12 D11 D10 D9 D8 

CLSEL2 CLSEL1 CLSEL0 GS1 GS0 IENAB ICLEAR GATE 
 

The status after VME SYSRESET is 00 hex. 

 

CLSEL2 CLSEL1 CLSEL0 Timer clock frequency: 

0 0 0 1 Hz (Freq x) 

0 0 1 10 Hz 

0 1 0 100 Hz 

0 1 1 1 kHz 

1 0 0 10 kHz 

1 0 1 100 kHz 

1 1 0 1 MHz 

1 1 1 - ( 0 Hz ) 
 

GS1 GS0 Gating source signal: 

0 0 '0', stops counting 

0 1 External hardware gate signal 

1 0 '1', allows counting 

1 1 Gate at active edge of next 100 millisec 
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IENAB  

0 Interrupt disabled 

1 Interrupt enabled 
 

ICLEAR   

0 Interrupt possible 

1 Interrupt clear 
 

GATE   

0 Timer is not gated (VME read only) 

1 Timer is gated (VME read only) 
 

 

15.2.9.5 Interrupt source register 

This is a VME read only register. 

A bit value '1' indicates a pending interrupt. 

 

Location: Base + 0x10, high byte. 

 

D15 D14 D13 D12 D11 D10 D9 D8 

INT7 INT6 INT5 INT4 INT3 INT2 INT1 INT0 
 

The status after VME SYSRESET is 00 hex. 

 

INT7: UTC 10 millisec. 

INT6: UTC 1 second. 

INT5: timer 5 

INT4: timer 4 

INT3: timer 3 

INT2: timer 2 

INT1: timer 1 

INT0: timer 0 
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15.2.9.6 Interrupt status/ID register 

This is a read / write register. Read is provided for verification and test purposes. The 8 bit status/ID is put on the VME 
bus during the Interrupt acknowledge cycle. 

 

Location: 

Base + 0x10, low byte. 

 

D7 D6 D5 D4 D3 D2 D1 D0 

MSB...   ...LSB 
 

The status after VME SYSRESET is UNDEFINED 
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15.3 UTC Time  

15.3.1 General 

The UTC is received from the Time Bus. The Time Bus signal is a serial coded UTC signal that is loaded into the UTC 
counter. Note that the clocking of the UTC counter is done synchronous; the loading is synchronous as well. 

The UTC counter can be latched into registers by a VME 'FREEZEIN' signal. This signal is clocked with the counting 
clock to provide unambiguous latching. The registers can then be read from the VME bus. 

15.3.2 Local mode 

When there is no Time Bus signal available, the TIM switches (by the hardware) to local mode, which means: 

• the TIM uses an on-board 1MHz crystal clock instead of the Time Bus signal. 

• loading of the UTC counter with data that is derived from the Time Bus is stopped. 

• the UTC counter can be loaded with data that is entered from the VME bus. 

 

If local mode is entered because of missing Time Bus signal, it does not automatically return to normal mode if the Time 
Bus signal returns. This prevents uncontrolled jumps in the time. 

 

Local mode can be set and cleared from the VME side. 

When 'local mode' is cleared and the TIM returns to 'normal mode' (i.e. the Time Bus signal is available), it takes 1 full 
repetition cycle of the Time Bus signal before a proper UTC decoding takes place. During this time, there is: 

• random data loaded into the UTC counter, and 

• no proper generation of all the timer clock frequencies (see chapter 15.2.2). 

15.3.3 Status register 

This is a 16 bit register with bits for: 

• freeze UTC. 

• various test signals. 

• set/clear local mode. 

• UTC interrupt enable (2 bits) for the 10ms and 1 sec interrupt. 

• UTC interrupt clear (2 bits) for the 10ms and 1 sec interrupt. 

 

An additional 8bit status register  (read only), contains the additional status information coming from the microcontroller: 

• Using TB/internal Real Time Clock (RTC) 

• Internal RTC healthy 

• Automatic recovery from TB faults enabled (this is not a settable bit, the auto recovery feature is 
enabled by a jumper) 

• Original Time Bus flag 

 

15.3.3.1 Latch UTC registers 

The UTC registers are latched by the VME 'FREEZEIN' signal. 

The following UTC registers are available: 

• microseconds (VME read only) 

• seconds 
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• minutes 

• hours 

• Modified Julian Day 

15.3.3.2 Interrupt 

The UTC 10 ms and 1 second can be enabled to generate an interrupt signal to the VME bus. The significant edge of the 
counter output sets its interrupt flip flop. 
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15.3.3.3 Status register, high byte 

Location: Base + 0x12, high byte. 

 

D15 D14 D13 D12 D11 D10 D9 D8 

FREEZEIN TBOK SPARE LUTC INHTBL* SETLOC CLEARLOC LOCAL 
 

The status after VME SYSRESET is 00 hex. 

 

FREEZEIN Note: action on rising edge  

 
 

Latching of UTC counter into the UTC registers on falling edge of next UTC 
counter clock, see chapter Error! Reference source not found. 

 

TBOK   

0 No Time Bus signal detected (VME read only) 

1 Time Bus signal detected (VME read only) 
 

SPARE   

0 Reserved for future use. 
 

LUTC   

0 Normal operation 

1 Loading of the UTC counter with data that is stored in the UTC registers (VME 
write). See notes. 

 

Notes: 

• This signal is only effective if 'local' is set. 

• The microsecond registers do not have a VME write possibility, the microsecond counters are reset when 
LUTC is set. 

• Loading is performed synchronous on the last TIM board clock pulse (1 MHz) before the LUTC signal is 
cleared. The setting/clearing of the hardware signal occurs on the falling edge of the TIM board clock pulse. 

 

 

INHTBL   

0 Normal operation 

1 Inhibit the loading of Time Bus data into the UTC counter. Note: this signal is 
intended for hardware tests. 
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SETLOC   

0 Normal operation 

1 Sets local mode 
 

CLEARLOC   

0 Normal operation 

1 Clears local mode. 
  

LOCAL   

0 TIM is in normal mode (VME read only) 

1 TIM is in local mode (VME read only) 
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15.3.3.4 Status register, low byte 

Location: Base + 0x12, low byte. 

D7 D6 D5 D4 D3 D2 D1 D0 

SPARE SPARE SPARE SPARE IENAB7 ICLEAR7 IENAB6 ICLEAR6 
 

The status after VME SYSRESET is 00 hex. 

Note: the status of 'INT7' and 'INT6' is accessible via the Interrupt Source Register. 

IENAB7   

0 Disable 10 millisec interrupts 

1 Enable 10 millisec interrupts 
 

ICLEAR7   

0 10 millisec interrupts possible 

1 10 millisec interrupts clear 
 

IENAB6   

0 Disable 1 sec interrupts 

1 Enable 1 sec interrupts 
 

ICLEAR6   

0 1 sec interrupts possible 

1 1 sec interrupts clear 
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15.3.3.5 Additional status register 

Location: Base + 0x1E, high byte. 

D15 D14 D13 D12 D11 D10 D9 D8 

TB error TB fault Reset_flag TB_nomat SPARE TB_valid RTC_I RTC_B 

 
TB error   

0 No TB error detected 

1 TB error set when an error in the TB has been detected, hold till explicit clear 
(requires LUTC or UTC write to clear) 

 

TB fault   

0 TB OK 

1 TB fault, set and latched when TBOK signal (PLL lock signal) goes false (requires 
LUTC or UTC write to clear) 

 

Reset_flag   

0  

1 Reset flag: set after power up, automatically cleared 1 minute after reset 
 

 

TB_nomat   

0 
1 

TB time = internal time counter 
Time bus time does not match internal time 

 

SPARE   

0 
1 

- 
default 

 

TB_valid   

0 
1 

Time Bus signal decoding error 
TB message is valid: no syntax or framing error occurred 

 

RTC_I   

0 Internal RTC intiailised 

1 RTC not initialized (will be automatically initialized as soon as a reliable TB time 
is received or the LCU sets the TIM time) 

 

RTC_B  
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0 
1 

RTC OK 
RTC not healthy/reliable (chip faulty-not present, on board battery low) 

 

 

 



 

Time Interface Module, HARDWARE 
MANUAL 

Doc: 
Issue: 
Date: 
Page: 

VLT-MAN-ESO-17300-473
3 
09/09/2009 
61 of 80 

 

 

15.3.4 UTC time registers 

15.3.4.1 General 

Reading of the UTC registers must be preceded by a 'FREEZEIN' signal, that causes latching of the momentary value of 
the UTC counter into registers. Note that the actual latching is delayed. 

 

Writing can be done at any time (except for the microseconds), but the data is only loaded into the UTC counter if: 

• the TIM is in local mode, and 

• the bit 'LUTC' in the UTC status register is set. 

The microsecond counters are reset when these two conditions are true. 

 

This loading is performed synchronous on the last TIM board clock pulse before the LUTC signal is cleared and counting 
continues from that moment on, see chapter. 

15.3.4.2 Microseconds 

The part of the UTC counter that counts the microseconds cannot be loaded from the VME bus, so the UTC registers that 
contain the microseconds value are VME read only. 

 

The microseconds are counted binary. 

 

Location: Base + 0x18, high byte. 

D15 D14 D13 D12 D11 D10 D9 D8 

0...   ...0 
The contents of this byte is always 00 hex. 

 

Location: Base + 0x18, low byte. 

D7 D6 D5 D4 D3 D2 D1 D0 

MSB... Microsec's, high byte  
 

Location: Base + 0x1a, high byte. 

D15 D14 D13 D12 D11 D10 D9 D8 

 Microsec's middle byte  
 

Location: Base + 0x1a, low byte. 

D7 D6 D5 D4 D3 D2 D1 D0 

 Microsec's, low byte ...LSB 
 

The status of the 3 microseconds bytes after VME SYSRESET is 0. Reset occurs also at the change of the UTC second or 
by loading of the UTC counter from the VME bus with the signal 'LUTC'. 
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15.3.4.3 Seconds 

The seconds are counted in BCD format. 

 

Location: Base + 0x1c, low byte 

D7 D6 D5 D4 D3 D2 D1 D0 

Seconds, tens BCD Seconds, units BCD 
 

The status after VME SYSRESET is 0, a new state is entered at: 

• VME writing, or 

• the first Time Bus data loading after SYSRESET. 

15.3.4.4 Minutes 

The minutes are counted in BCD format. 

 

Location: Base + 0x1c, high byte 

D15 D14 D13 D12 D11 D10 D9 D8 

Minutes, tens BCD Minutes, units BCD 
 

The status after VME SYSRESET is 0, a new state is entered at: 

• VME writing, or 

• the first Time Bus data loading after SYSRESET. 

15.3.4.5 Hours 

The hours are counted in BCD format. 

 

Location: Base + 0x1e, low byte 

D7 D6 D5 D4 D3 D2 D1 D0 

Hours, tens BCD Hours, units BCD 
 

The status after VME SYSRESET is 0, a new state is entered at: 

• VME writing, or 

• the first Time Bus data loading after SYSRESET. 

15.3.4.6 Modified Julian Day 

The MJD is counted in BCD format. The Time Bus distributes 5 BCD digits. 

Note 1: MJD is principally related to UT1. UT1 has variable difference of less than 1 second compared to UTC. 
The MJD changes therefore not at midnight UTC. However, because of the fact that the whole VLT system 
is based on UTC and because MJD should also be incremented in local mode, MJD is incremented at 
midnight UTC. 

Note 2: The Modified Julian Date is a float number, scaled in days. The MJD which is distributed by the Time 
Bus is an integer and is therefore called Modified Julian Day. 
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Location: Base + 0x20, high byte 

D15 D14 D13 D12 D11 D10 D9 D8 

0...   ...0 
The contents of this byte is always 00 hex. 

 

Location: Base + 0x20, low byte 

D7 D6 D5 D4 D3 D2 D1 D0 

Modif. Julian Day, high byte (D7 through D4 are always 0; D3 through D0 contain 1 BCD digit 
 

Location: Base + 0x22, high byte 

D15 D14 D13 D12 D11 D10 D9 D8 

Modif. Julian Day, middle byte (2 BCD digits) 
 

Location: Base + 0x22, low byte 

D7 D6 D5 D4 D3 D2 D1 D0 

Modif. Julian Day, low byte (2 BCD digits) 
 

The status of these bytes after VME SYSRESET is 0, a new state is entered at: 

• VME writing, or 

• the first Time Bus data loading after SYSRESET. 
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16 RS232 DATA EXCHANGE 

The following information can be written/read via the RS232 interface from the TIM: 

1. Serial time status string, once every second (default) 

2. Serial number (2bytes, stored as BCD digits) 

3. Firmware version (6 characters, REVx.yz) 

4. Test date (12 characters MJD-time in BCD format) 

5. VCO voltage of PLL 

6. Board history  

o Number of Time bus errors (partial) 

o Number of Time bus errors (total) 

o VCC powered elapsed time (4 bytes) in seconds 

o VBAT powered elapsed time (4 bytes) in seconds 

o Power cycle counter (2 bytes) 

The serial time status string is transmitted by default once every second, no request necessary. 

Information 2 -3 is stored in the microcontroller FEPROM 

The VCO voltage can be calculated by the following formula: 

VCO [V] = readout_value * 5V/ (2^10) 

The board history is stored in the RTC, see also RD11. The board history can be reset applying commands shown in 
Table 11. 

Command Function Comment 

>00A Read RTC Returns the information stored in the RTC: 
• Number of Time bus errors (partial & total) 
• VCC powered elapsed time 
• VBAT powered elapsed time  
• Power cycle counter 

 

>00B Read Flash Returns the information stored in the uC Flash: 
• Serial number 
• Firmware version 
• Test date 

 

>00C Enable writing This command must be send to enable the write mode 
before sending a writing command 

>00DxxxDxxx Write serial 
number 

This command is used to write the serial number into 
the TIM board, xxx = serial number (3digit) 

>00EE Delete history This command deletes the current history of the board 

>00FF Reset TB error 
counter (partial) 

This command resets the TB error (partial) counter. 
Other counters are not affected. 
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Table 11 Microcontroller READ/WRITE commands 

The microcontroller transmits once every second a message to the RS232. Read requests are answered within the next 
transmitted text messages. 

 

The following steps are carried out to imprint the test date and clear history: 

• >00C  // enable writing 

• >00DxxxDxxx  // write the serial number 

• >00A  // enable reading 

• >00B  // check serial number, version number and test date 

• >00C  // enable writing 

• >00EE  // delete stored board history 

• >00A  // enable reading 
 

The board is now ready to ship. Turn off test bench and unplug the board. 

Note: If the board is plugged switched ON again, the RTC sleep mode (to reduce battery discharge) will be disabled. The 
board history will be updated and logged from then on. Therefore the history would have to be deleted again before 
shipping the board. 

 

16.1 RS232 message examples 

16.1.1 Serial Time Status String 

Time Bus signal available: 

<NUL>�Received time: 055090-15:48:26: 055090-15:48:27:  Status bytes: 70 4C VCO: 5F<HT> <CR> 

<NUL>�Received time: 055090-15:48:27: 055090-15:48:28:  Status bytes: 70 4C VCO: 5F<HT> <CR> 

 

Time Bus signal not available or cannot be decoded: 

<NUL>� No time bus 055001-15:48:28: 055090-15:48:29:  Status bytes: 31 58 VCO: 5F<HT> <CR> 

<NUL>� No time bus 055001-15:48:28: 055090-15:48:30:  Status bytes: 31 58 VCO: 00<HT> <CR> 

<NUL>� No time bus 055001-15:48:28: 055090-15:48:31:  Status bytes: 31 58 VCO: 00<HT> <CR> 

 

16.1.2 Read RTC 

<NUL>�Received time: 055090-15:44:50: 055090-15:44:51:  Status bytes: 70 4C VCO: 5F<HT> <CR> 

Vcc time: 00003EBB<HT><CR> 

Vbat time: 00006D4F<HT><CR> 

Power on cycles: 0014<HT><CR> 

TB errors (partial): 00000000<HT> <CR> 

TB errors:(total): 0000001A<HT> <CR> 
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16.1.3 Read Microcontroller Flash 

ESO Time Interface Module: V02.00<CR> <HT> 

Serial number: 222  Test date: 055090080002<HT> <CR> 
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17 APPENDIX – TECHNICAL DETAILS 

17.1 Hardware description 

The various functions of the TIM are implemented in two programmable devices: a series FLEX ALTERA 
programmable logic and an 8051-derivative microcontroller from PHILIPS. 

The microcontroller is devoted to the high level logic management, while the ALTERA FPGA takes care of the high 
speed low level tasks. 

The communication between the two devices is accomplished through a parallel, bi-directional, three-state, 8-bit bus. 

The firmware is stored in the flash eprom on board the microcontroller, while the configuration for the FLEX is 
automatically download from an EEPROM after power-up. 

 

The programmable logic is seen by the microcontroller as a set of registers which can be accessed by read/write 
operations and addressed by 4 address lines. 

Two additional control lines specify the type of operation. 

 

The architecture of the logic in the ALTERA chip is hereafter described. 

Reference to the logic diagrams in Appendix is made. 

 

The logic configuration of the chip, called TIM5, as shown in page 1 of the appendix, is divided in three main blocks: 
tim3a2 for the timers management, tim3b for the VME interface and tim3c3 for the time bus decoding and 
communication with microcontroller management. 

The block tim3b generates the timing and the signals to let the VME access the resources internal to the other blocks.  

The block tim3a2 controls the two timer chips and implements the logic for the interrupt generation. 

The block tim3c3 contains the time bus decoder, the signal generator and the interface to the microcontroller. This block 
supplies some signals to the block tim3a2 that are used to clock the timers (FREQ0-6) and to generate interrupts basing 
on real time events (alarm, 100 ms , 1 second interrupts). 

 

In the following a short description of each block and its sub-components is given. 

 

17.2 VME Interface  

This block mainly contains the logic implementing the interface to the VME bus. 

The VME interface is implemented by the block tim3b in the programmable logic, plus some discrete chips. 

The TIM is seen from the VME bus as a set of 128 consequent memory bytes in the short address space starting from the 
base address. 

Not all the locations in this range are used by the TIM. 

The base address can be configured by means of the JP1 jumpers from 0H to FF80H.  

This jumper configuration is compared by U4 ('688) with the status of address lines A7-A14 and an active level is set on 
line DEVSELA/ entering the programmable logic block tim3b. 

A second comparator, U5, activates the DEVSELB/ line when the five address modifier lines AM0, AM1, AM3, AM4, 
AM5  (AM2 does not care) match the proper value, A15 matches the JP1 jumper setting, the address strobe, AS/, is active 
and the interrupt acknowledge, IACK/, is not. 

In tim3b, three address lines, A3-A5, are decoded to generate 8 device selection signals SEL0/-SEL7/ when A6 is low. 
When A6 is high, none of the selection signal is activated. 

Each device has assigned then an 8 byte address range.  



 

Time Interface Module, HARDWARE 
MANUAL 

Doc: 
Issue: 
Date: 
Page: 

VLT-MAN-ESO-17300-473
3 
09/09/2009 
68 of 80 

 

 

The device selection signals are allocated as follows: 

 

SEL0: Timer chip 1 (timers 0-2) 

SEL1: Timer chip 2 (timers 3-5) 

SEL2: Status register 

SEL3: Microsecond counter 

SEL4: Interrupt register 

SEL5: Time registers 

SEL6: Time registers 

SEL7: Time registers 

 

Combining the VME signals A0, A1, DS0-1/, WRITE/, LWORD, AS/, tim3b also generates the HIWR/, HIRD/, 
LOWR/, LORD/ signals to select the read/write operation in the MSB/LSB bytes of each word. 

 

The interrupt handling is configured by two jumpers that select the interrupt priority (JP3) and the VME interrupt line on 
which the TIM will generate the interrupt (JP2). 

The two jumpers must be configured consistently. 

 

The LSB of the interrupt register can be accessed both in read and write from VME and has no specific functions. 

 

The reset to the programmable logic, intres, can be generated by both the VME reset signal sysreset, or by the 
microcontroller by the ucreset signal. 

If the reset is generated by sysrest, the reset line is activated to reset the microcontroller. 

 

Note that the reset does not cause a reload of the FLEX configuration from the EEPROM. 

 

17.3 Timers/Interrupt management  

The block tim3a2 handles the timers (sub-blocks tmrcfg) and the interrupt generation logic (sub-block Interrup2). 

 

The TIM includes two timer chips type 8254. 

Each chip contains three configurable timers and the relevant logic.  

The sub-block tmrcfg interfaces the timer chip to the VME and to the rest of the card, so that the timers can be accessed 
and configured from VME and can be gated/triggered from  

It is composed by the sub-block tmrcfg2 and by three 3-state buffers that connect the configuration registers to the MSB 
lines of the data bus. 

For each timer, the tmrcfg2 provides a gate selection network, tmrgate, and a configuration register, tmrcreg2. 

The gate/clock selection is controlled by GS0-1 bits in the configuration register. 

They can select the gate between external and internal (software control) and the clock between "next 100 ms " edge and 
the frequency signal FRS as it is selected by the three bits CLSEL0-2 in tmrcfg2. 
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The sub-block tmrcfg2 is composed by an 8-bit register that stores the clock select bits, CLSEL0-2, the gate bits (GS0-
1), the interrupt enable and the interrupt clear. In addition it contains a multiplexer that select on the FRS line the clock 
according to CLSEL0-2. 

A flip flop synchronizes the gate with the rising edge of F6 (1MHz), while the clock is synchronous with the falling edge 
of F6.  

This to avoid that rising edges on both gate and clock occur within a time shorter than what specified for the timer chip 
(60ns). 

 

The interrupt generation logic of the TIM is implemented by the interrup2 block. 

The TIM can generate 8 different interrupts, six coming from the timers and two coming from the time decoding logic ("1 
second/alarm" and 100Hz interrupts). 

Each interrupt source triggers a D flip flop whose D input is fed by the corresponding bit in the interrupt configuration 
register.  

Then the interrupt is generated once triggered only if enabled.  

During servicing the interrupt must be explicitly disabled by software by setting the interrupt clear bit.  

Two interrupt mechanisms are supported: RORA (interrupt reset on register access) and ROAK (interrupt reset on 
acknowledge).  

The actual mode is selected by INTMSEL line, which is driven by TBD bit in the additional TBD configuration register. 

Note that the additional configuration register becomes inaccessible when the card is in "old TIM" emulation mode 
(jumper JP31 in to assert the TBD input signal), and as a consequence, in this mode only the RORA mechanism is 
provided, the only available in the old TIM. 

 

17.4 UTC DECODING LOGIC 

This block performs, with the support of an external microcontroller, the Time Bus decoding logic (up_interface6), 
implements the frequency outputs that feed the timers and the card outputs (tbfgen and  utmicsec3), generates the signals 
to trigger the 1second/alarm and 100Hz interrupts. 

An additional sub-block, up_utstasr, generates some control signals needed by the other sub-blocks. 

This sub-block contains the configuration register 0x12 latching some commands and some status bits and the 1s/alarm 
and 100Hz interrupt mask/clear register. 

 

The microsecond counter is a 20-bit binary counter whose contents is accessible from VME through a bank of three state 
registers that freeze the actual count during read operation. 

The counter is reset either by the ENSEC signal generated by the TBFGEN sub-block or by an UTC load operation  
(when a new time is written to the card from the VME) and the LUTCVME signal active). 

The ENSEC signal is generated by the TBFGEN sub-block every 1-second edge either because it has been detected on 
the Time Bus signal, not in local mode, or because the TBFGEN counters reached 1 million counts, while clocked by the 
local clock, when the card is in local mode. 

 

The sub-block TBFGEN contains six cascaded decade counters (a simplified version of the '160 counter) each generating 
an output pulse after eight input pulses lasting two input pulses. These 20% duty-cycle outputs (F5-F0) then are the 1 
MHz carrier of the Time Bus (or the local 1MHz clock, when the card is in local mode) scaled down by powers of ten to 
1 Hz. These outputs once buffered are both available on the P2 connector and available to clock the six timers. 

 

A D flip-flop clocked by the TBCLK signal (1MHz , 50% duty cycle) extracted by the external PLL from the Time Bus, 
samples the Time Bus signal in the middle of its width, thus generating an envelope signal, ENV. Such a signal is a pulse 
width modulated version of the IRIG-B code, based on a bit frame of 10 ms. 
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A flip flop network clocked by the F2 (100Hz) and having the envelope of the incoming signal ENV as input, detects the 
occurrence of two successive mark pulses (8ms long) that identify the 1 second edge in the Time Bus. An additional 
signal SYNC is used to reset the F1 (10Hz) counter at the beginning of each Time Bus word frame. 

The SYNC is a narrow pulse marking every rising edge of the envelope signal. 

It is generated (externally to the programmable logic) feeding a differential receiver by the envelope signal through by a 
high pass RC filter. 

 

A discrete flip-flop implemented by several gates generates the local signal. 

If the AUTSEL signal is asserted (by the setting TBD the status of the bit TBD in the control register TBD), the local 
signal is active when the TBOK signal, generated by the external PLL when locked to the Time Bus carrier, is active. 

If the AUTSEL signal is not active, the time bus failure (TBOK active) is frozen keeping the card in local mode until an 
explicit command is given and the TBOK  is not active. 

The default status of the TBD bit corresponding to AUTSEL is not active, then the default local management is the same 
as in the old TIM. Note that, since if jumper J31 is inserted, emulating the old TIM the additional register TBD is not 
accessible and then AUTSEL status cannot be changed. 

 

The interface to the microcontroller is made in such a way that the microcontroller can read/write time and status 
information from/to the programmable logic. 

 

The interface is made by an 8-bit data bus (UP_D0-D7), three address lines (UP_A0-2) and two control lines, UP_RD, 
UP_WR. 

 

The data structure seen from the microcontroller is a stack of 8 read/write byte registers. 

Two decoders, one for the read operations and the other one for the write operation, enable the resources according to the 
address configuration. 

 

Six read/write registers store the current time. They are made by the sub-block bibusk which contains the double buffered 
read-write logic (the same information must be accessible from the VME side too) and the alarm interrupt 
implementation.  

The remaining two locations are used to access some status information and for synchronization purposes. 

 

The bibusk block contains a latch where the time information is written by the microcontroller, a latch where the time 
information is written from the VME side. Each latch is separated from the corresponding bus by a three state buffer 
enabled by the selection signals. 

An 8-bit multiplexer selects the source of the time information to be read from the VME bus according to the status of the 
LUTCL signal that is set if the time has to be loaded from the VME. 

Two cascaded latches, the first one clocked every new second edge, the second one clocked by the freeze command, 
implement a double-buffer stage that guarantees consistent reading of the time information from the VME. The two 
clocks are synchronized with the different edges (rising/falling) of the 1MHz signal to avoid latching when the status is 
not yet stable. 

 

An additional sub-block implements the alarm interrupt: it contains a register that can be read/written from VME and an 
8-bit comparator that compares the contents of the register with the corresponding byte of the current time information. 

If the alarm byte and the current time match, the AL_MATCH output is activated. 



 

Time Interface Module, HARDWARE 
MANUAL 

Doc: 
Issue: 
Date: 
Page: 

VLT-MAN-ESO-17300-473
3 
09/09/2009 
71 of 80 

 

 

 

A "wildcard" logic is also implemented, which allows a cyclic alarm interrupt generation: an ffH written on a nibble of 
the alarm register, matches any value on the corresponding BCD digit of the current time, so that every single of the time 
information can be "wildcarded". 

  

The alarm register is preset to all ones, so the AL_MATCH is always active by default. 

This lets the implementation of the old TIM's 1 second interrupt, since the AL_MATCH from all the bytes of the time 
information are ore-ed and the result is and-ed with the F0 (1Hz) signal. 

 

A three-state buffer lets the status information of the card, as it is stored in the status register in sub-block up_utstasr be 
read from the microcontroller. 

 

A handshake mechanism implements the "load UTC" operation that sets the current time of the TIM from the VME bus 
(operation only allowed if the card is in local mode). During this operation, the new time is written in to the 
programmable logic from which it is read by the microcontroller that then updates its internal variables with the new 
time. During this transition the new time can be read from VME. 

At the same time the operation causes a reset of the microsecond counter, so that the new time starts exactly when the 
operation is started. 

Before the current second expires, the microcontroller reads the new time, increments it by one and stores it in the 
programmable logic, ready to be transferred to the double buffer latch at the 1 second edge, from where it can be read 
from VME. 
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Fig. 2 TIM block diagram. 
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Fig. 3 VME read / write timing. 

 

 

 

Fig. 4 Timing for 'gate next 100 millisecond'. 
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Fig. 5 UTC composite decoding. 

 

 

 
Fig. 6 UTC 10 millisecond decoding. 
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Fig. 7 UTC 100 millisec decoding. 

 

 

 
Fig. 8 UTC 1 second decoding. 
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Fig. 9 IRIG-B code format. 
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18 SCHEMATIC 

 
 Figure 16 
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Figure 17 
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 Figure 18 
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