CAMAC based Control  Module 

for the prototype detector,

India-based Neutrino Observatory (INO)

August, 2004

L.V.Reddy, S.S.Upadhya

(Dept. of High Energy Physics )

Tata Institute of Fundamental Research,

Mumbai –400 005

Acknowledgement

Sincere thanks to all INO colleagues for their fruitful support and suggestions. 

Introduction:

The event data readout and monitoring of the INO Detector is controlled by a single width  CAMAC based CONTROL  MODULE.    This  has three sets of control and hand shake signals for selection of  FEE Board,  readout of Event's data and Monitoring of pickup signals in the selected Board. The Control and Hand shake Signals in  the Control  Module are brought  out to a  26 - pin  FRC  Connector  using  high  speed  Differential Line Drivers (LVDS standard).  These Signals  are fanned out  to  FEE  Boards through the Routers. 

Functional Discription: 

This Control module  shown in the figure supports following  features

(1)  Front panel Trigger input or soft Event latch (-ELAT signal )would send Event trigger (T) to all the connected FEE boards that latches pick up signal status.         

(2) Serial readout of event data: Trigger generates LAM on a valid final trigger and invokes Event interrupt routine. In this routine, latched event data ( pick up status) from each FEE boards in the chain, is flushed out serially under HW / SW control. The 
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program controlled E/-M (ie Evt Frame)  signifies Event or Monitor process and 4_bit common address selects the FEE board for data transfer.

In SW readout mode while reading latched event data from FEE board, the board selection and  read out clock generation are completely under program control. 

But in HW readout mode, the number and speed of readout clock are preset in the initialization part of program. Program controlled Evt Frame signal initiates preset number of clock pulses at preset frequency (clock speed ) to flush the latched data from FEE boards into FIFO buffer of back end Read out module. The 4_bit common address for selection board is incremented at every 48 clock pulses and selects subsequent FEE module for data readout. The read out clock speed, total bit size of event data to be read and bit size of data per FEE board  are decided by preset counts of 8254-A counters. 

3) Monitoring: The monitoring cycle is presettable from msec upto 10 minutes. And LAM is generated on every cycle. The signal E/-M (low) and the common address along with signal MClk would select the FEE boards in all monitor chains for monitoring. Using MClk and MR signals,  one channel in each of the selected boards are enabled to MO output for monitoring by backend scalers. The LAM generated by monitoring cycle invokes monitor routine where channel rates in the scalers are recorded and next set of channels are enabled for monitoring. The monitoring cycle time is decided by preset counts of 8254-B counters.

4) User programmed Test bit pattern in multiples of byte can be flushed out serially  along with the event data as a Sync word or data reliability check online. This can also be used for offline checking of event data path in the chain including back end readout module.

5) The identification of  FEE module currently selected for Event / Monitor process is obtained by reading the Status register

6) The software controlled Pulse generator is provided to check the monitoring section of 

FEE modules in the chain and scalers in back end.

7) Control module supports full software control of event and monitoring process for diagnosis purpose

Interface signals:

The  Control  Module  has  the  following  set of signals.

(A) Common control signals:  These signals are common for both event data read out and monitoring operartions.

                 (i)  4 – bit  Address :   This address selects one of 16  FEE Boards in the chain for Event / Monitor processes.

(ii) E / -M :  This signal indicates the current mode of the operation ie, 
      Event (High level) or Monitor process (low level) 

(iii)  T :  
 Event Trigger,  which  latches the status of pick up signals in all connected FEE Boards in the chain.

(B) Hand shake  Signals:

· Event Hand shake Signals:                               

SO :   It is a serial out of SW generated 8 bit pattern which can be recorded with event data as a event sync word or reliability check data. This can also be used for on line testing FEE board data readout path 

Clk :  The  +ve edge of the Clock indicates the valid data for read out and  -ve  edge of the Clock is used to flush out  the data  from the selected  FEE  Board serially.        

             
                                                                                                                                                                 

· Monitor  Hand shake Signals:     

MO : is an output of programmable pulse generator. This signal can be used to calibrate the part of the Monitor section  and  Monitor  Scalers.  In normal operation, it is not used.  

                                                                              

MClk:  The 1st  MClk [ -ve  Edge]  enables the Monitor Section of the addressed FEE Board  and  subsequent  MClk [ +ve edge ]  selects the next pick up channel to be monitored  in sequence  [ 1  to  40 ].

MR :   The Monitor Reset signal  clears  and  selects  the 1st channel  in the selected FEE Board for monitoring.
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CAMAC  commands 

	Function
	A8 A4 A2  A1
	R/W data lines
	Discription

	F(0) / [F(16) . S1]
	0    0    0    0
	8 bits 
	8254A Counter 0 Read/Write

	F(0) / [F(16) . S1]
	0    0    0    1
	8 bits
	8254A Counter 1 Read/Write

	F(0) / [F(16) . S1]
	0    0    1    0
	8 bits
	8254A Counter 2 Read/Write

	F(0) / [F(16) . S1]
	0    0    1    1
	8 bits
	8254A Cntr Word Read/Write

	F(0) / [F(16) . S1]
	0    1    0    0
	8 bits
	8254B Counter 0 Read/Write

	F(0) / [F(16) . S1]
	0    1    0    1
	8 bits
	8254B Counter 1 Read/Write

	F(0) / [F(16) . S1]
	0    1    1    0
	8 bits
	8254B Counter 2 Read/Write

	F(0) / [F(16) . S1]
	0    1    1    1
	8 bits
	8254B Cntr Word Read/Write

	F(16) . S1
	1    0    0    0
	8 bits
	Event Test pattern Write

	F(0) / [F(16) . S1]
	1    0    0    1
	4 bits
	Status Read/ Control Write 
 

	F(16) . S1
	1    0    1    0
	4 bits
	Event Common Addr. Write

	F(16) . S1
	1    0    1    1
	4 bits
	Monitor Common Addr.Write

	F(10) . S2
	1    1    0    0
	NA
	Clear Monitor LAM

	F(9) . S2
	1    1    0    1
	NA
	Monitor Reset (MR signal)

	F(8) . S2
	1    1    1    0
	NA
	SW Event latch (T signal)

	F(8) . S2
	1    1    1    1
	NA
	Test monitor LAM (Q =1)


Initialization of 8254s

8254 Control word format  : 

	W8
	W7
	W6
	W5
	W4
	W3
	W2 
	W1

	SC1
	SC0
	RW1
	RW0
	M2
	M1
	M0
	BCD


SC1  SC0 – Counter 0,1,2 and Read back command

RW1, RW0 – Counter Latch, R/W least byte only, R/W most byte only, R/W least byte first then most byte

M2,M1,M0 – Counter modes 0 to 5

BCD – counter mode is 0: Binary, 1: BCD 

SOFTWARE

8254A Control Word intialization :  

· CAMAC write: N, A(3), F(16) W data = 36H  …Counter 0 in mode 3 ( Square wave generator)

· CAMAC write: N, A(3), F(16) W data = 72H  …Counter 1 in mode 1 ( HW Retrigerable Monoshot)

· CAMAC write: N, A(3), F(16) W data = B4H  …Counter 2 in mode 2 ( Rate generator)

8254B Control word intialization :  

· CAMAC write: N, A(7), F(16) W data = 36H  …Counter 0 in mode 3 ( Square wave generator)

· CAMAC write: N, A(7), F(16) W data = 74H  … Counter 1 in mode 2 ( Rate generator)

· CAMAC write: N, A(7), F(16) W data = B2H  … Counter 2 in mode 1 ( HW Retrigerable Monoshot)

INO Control Module commands:  The use full functionalities of Control Module are briefed her after.

Read out clock speed(Freq.) = Input Freq. / DIV
    where DIV = 16_bit counts loaded in counter  and  Input Freq = 10 MHz

    Duty cycle = 50 %

CAMAC write:  N, A(0), F(16)  Wdata =  Least byte of  DIV  (8254 A)

CAMAC write:  N, A(0), F(16)  Wdata =  Most byte of  DIV  (8254 A)

Event bit size = Esize ( 16_bit count )

CAMAC write:  N, A(1), F(16)  Wdata =  Least byte of Esize  (8254 A)

CAMAC write:  N, A(1), F(16)  Wdata =  Most  byte of  Esize  (8254 A)

FEE board data size in bits  = DSize (16_bit counts)

CAMAC write: N, A(2), F(16)  Wdata = Least byte of  DSize (8254 A)

CAMAC write:  N, A(2), F(16)  Wdata =  Most byte of  DSize (8254 A)

Monitoring Frequency = 10 MHz / ( Cnt1* Cnt2 )

    where Cnt1 & Cnt2 are 16 bit counts written to Counter 0 & 1 OF 8254 B

 CAMAC write: N, A(4), F(16)  Wdata = Least byte of  Cnt1 (8254 B)

CAMAC write:  N, A(4), F(16)  Wdata =  Most byte of  Cnt1 (8254 B)

CAMAC write: N, A(5), F(16)  Wdata = Least byte of  Cnt2 (8254 B)

CAMAC write:  N, A(5), F(16)  Wdata =  Most byte of  Cnt2(8254 B)

Software controlled M Pulse Generator on MO output

HARDWARE:

     Frequency is 10MHz

     No. of pulses is M = 16 bit count written to counter 2 of 8254 B

CAMAC write: N, A(9), F(16)  Wdata =  13  ; PG En=high

CAMAC write: N, A(6), F(16)  Wdata = Least byte of  M (8254 B)

CAMAC write:  N, A(6), F(16)  Wdata =  Most byte of  M (8254 B)

SOFTWARE: (PG signal)

Loop  M times

         { CAMAC write: N, A(9), F(16)  Wdata =  14  ; PG high


Delay (N microsec )

             CAMAC write: N, A(9), F(16)  Wdata =  6   ; PG low

           }

HW Readout 

     Enable = set Evt Frame En to High ELSE Disable

Enable :   CAMAC write: N, A(9), F(16)  Wdata =  9

Disable : CAMAC write:  N, A(9), F(16)  Wdata =  1

E/-M signal: (Evt Frame)

High  level : Event process ( Initiate HW readout ) 


CAMAC write: N, A(9), F(16)  Wdata =  8

Low level  : Monitor process 


CAMAC write: N, A(9), F(16)  Wdata =  0

SW Readout speed: ( Evt Clk)

Loop  M times

         { CAMAC write: N, A(9), F(16)  Wdata =  10


Delay (N microsec )

             CAMAC write: N, A(9), F(16)  Wdata =  2

           }

Event Test Pattern: 

Enable : CAMAC write: N, A(9), F(16)  Wdata =  11

Disable: CAMAC write: N, A(9), F(16)  Wdata =  3
Write pattern: CAMAC write: N, A(8), F(16)  Wdata =  8_bit pattern

 Common Address: 

Event-

        CAMAC write: N, A(10), F(16)  Wdata = 4_bit address

Minotor-

        CAMAC write: N, A(11), F(16)  Wdata =  4_bit address

SW trigger latch : ( -ELAT) It ia pulse of ~200nsec.

CAMAC write: N, A(14), F(8)  
 Monitor cycle: 

 Setting Mon En to high would initiate the monitor cycle ELSE stops the cycle.

Enable: CAMAC write: N, A(9), F(16)  Wdata = 12

Disable: CAMAC write: N, A(9), F(16)  Wdata =  4

Test Monitor LAM: 

CAMAC write: N, A(15), F(8)  

Q=1 : Monitor LAM present

Clear Monitor LAM: 

CAMAC write: N, A(12), F(10) 

Monitor Clock ( Mon Clk)

CAMAC write: N, A(9), F(16) Wdata= 15   ; High

CAMAC write: N, A(9), F(16) Wdata= 7     ; Low

Monitor Reset ( MR – 200nsec pulse)

CAMAC write: N, A(13), F(9)  

Components  List



(1)     IC     82C54    Programmable  Timer   ....  2  Nos.

                                    (2)    IC   10 MHz  Crystal  Oscillator         ....  1  No. 

                                    (3)    IC   74LS165  .....  1  No. 

                                    (4)    IC   74LS259  .....  1  No.

                                    (5)    IC   74LS197  .....  1  No.

                                    (6)    IC   74LS240  .....  3  Nos.

                                    (7)    IC   74LS244  .....  3  Nos.

                                    (8)    IC   74LS374  .....  1  No.

                                    (9)    IC   74LS138  .....  1  No.

                                    (10)  IC   74LS154  .....  1  No.

                                    (11)  IC   74LS123  .....  1  No.

                                    (12)  IC   74LS221  .....  1  No.

                                    (13)  IC   74LS74    .....  1  No.

                                    (14)  IC   74LS00    .....  1  No.

                                    (15)  IC   74LS03    .....  1  No.

                                    (16)  IC   74LS04    .....  2  Nos.

                                    (17)  IC   74LS08    .....  2  Nos.

                                    (18)  IC   74LS21    .....  2  Nos.

                                    (19)  IC   74LS32    .....  6  Nos.

                                    (20)  IC   DS90C031  LVDS   .....  3  Nos.

                                    (21)  Transistors  2N2222A     .....  2  Nos.

                                    (22)  LEDs   .....  2  Nos.

                                    (23)  Diode  1N5402   .....  1 No.

                                    (24)  26-Pin  FRC  Connector [Female]   .....  1  No.

                                    (25)  LEMO  Connectors [Female]          .....  3  Nos.

                                    (26)  Resistors  560 Ohms (2 Nos.), 1K (2 Nos.),

                                                  3.9K (1 No.), 4.7K (2 Nos.), 5.6K (13 Nos.)

                                    (27)  Potentiometers   10K  (2 Nos.),  100K  (1 No.)

                                    (28)  Bank  Resistors  1K  (2Nos)     
                                 

                                    (29)  Capacitors   10pF  (6 Nos.),   100pF  (1 No.),               
                                               0.01uF  (34 Nos.),  4.7uF  (1 No.),                  
                                               10uF  (1 No.),  100uF  (1 No.)
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First pulse after address enables the board for monitor








� Control Reg : 8_bit output can be set or reset bitwise using  W data lines (W3,2,1 ) as select lines with W4 bit being set or reset respectively.





