CAMAC TRIGGET GENERATOR for INO, INO_CTG

Specifications 

Version:- 1.1
-: CAMAC TRIGGET GENERATOR for INO, INO_CTG: -

Introduction: 

           The CAMAC Trigger Generator, INO_CTG is being developed to generate final trigger based on Predefined Coincidence Criterion on a large number of input signals from the prototype Neutrino detector. Additionally it has SCALARS for the FINAL_TRIGGER and for a number of intermediate coincidence logic signals. The SCALARS can be read on CAMAC. The valid signals are latched with final trigger and can also be read on CAMAC. 
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Trigger Logic:

The entire trigger logic is divided in to two parts. The first part derives first level trigger information from the individual layers of the detectors, namely in terms of one, two, three and four fold signals. Further COINCIDENCE LOGIC is implemented in the INO_CTG module. There are a total of 112 signals coming on LVDS lines to the CAMAC module. 

Trigger signals generated from the detector assembly:

Level 1: 
This has been implemented at TIFR 

Input -

Detector signals after Discriminator



Input pulse width 50 ns



Output - 
F1LX, F2LX, 
F3LX, F4LX 

each 28 nos. (14X + 14Y)





Total 28*4 = 112





Output pulse width 50 ns (40 ns min)

Level 2: 
Developed by Electronics Division, BARC

Implemented as a two width CAMAC module, INO_CTG, CM

Input - 
One, two, three and four fold signals each for 14 X and 14 Y layers





Total 28*4 = 112 from Level 1





Signals: Low Voltage Differential Signaling (LVDS) with 400mV





Differential signals 





Signals coming from LVDS drivers from Level1 trigger signals





Connectors: 
4x60 pin FRC standard connectors with 0.1” pitch







28 signals on each connector

Inputs to be connected on twisted pair flat cable.


Output - 
LTO - Logic trigger out 

fanout of 1 as NIM output




FTO - Final trigger out = LTO & not LAM

fanout of 3 as NIM output

 



LAM – CAMAC Look At Me generated with LTO




Multiplicity Inputs - latched on FTO, to be read on CAMAC 

LTO & FTO width of 100ns to 300ns in steps of clock period

(Note: max frequency possible will be used, value will be decided post-synthesis after simulation)

(Leading edge of LTO and FTO will start with the leading edge of natural coincidence, with jitter in width, due to clock)


Description: 

The module functionality can be described with the help of a block diagram as below:
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Trigger Logic - 


TO_F1X 
= 
F1LX1 & F1LX2 & F1LX3 & F1LX4  & F1LX5

      + 
F1LX2 & F1LX3 & F1LX4 & F1LX5  & F1LX6

      + 
F1LX3 & F1LX4 & F1LX5 & F1LX6 & F1LX7


:


:

      + 
F1LX10 & F1LX11 & F1LX12 & F1LX13 & F1LX14



TO_F1Y 
= 
F1LY1 & F1LY2 & F1LY3 & F1LY4 & F1LY5 

      + 
F1LY2 & F1LY3 & F1LY4 & F1LY5  & F1LY6

      + 
F1LY3 & F1LY4 & F1LY5 & F1LY6 & F1LY7


:


:

      + 
F1LY5 & F1LY11 & F1LY12 & F1LY13 & F1LY14



TO_F2X 
= 
F2LX1 & F2LX2 & F2LX3  & F2LX4

      + 
F2LX2 & F2LX3 & F2LX4  & F2LX5

      + 
F2LX3 & F2LX4 & F2LX5  & F2LX6


:


:

      + 
F2LX11 & LX12 & F2LX13 & F2LX14



TO_F2Y 
= 
F2LY1 & F2LY2 & F2LY3  & F2LY4

      + 
F2LY2 & F2LY3 & F2LY4 & F2LY5

      + 
F2LY3 & F2LY4 & F2LY5  & F2LY6


:


:

      + 
F2LY11 & F2LY12 & F2LY13 & F2LY14



TO_F3X
= 
F3LX1 & F3LX2  & F3LX3

      + 
F3LX2 & F3LX3  & F3LX4

      + 
F3LX3 & F3LX4 & F3LX5


:


:

      + 
 F3LX12 & X13 & F3LX14



TO_F3Y
=
F3LY1 & F3LY2  & F3LY3

      + 
F3LY2 & F3LY3  & F3LY4

      + 
F3LY3 & F3LY4 & F3LY5


:


:

      + 
F3LY12 & F1LY13 & F3LY14



TO_F4X
= 
F4LX1   & F4LX2

      + 
F4LX2   & F4LX3

      + 
F4LX3  & F4LX4


:


:

      + 
 F4LX14 & F4LX15



TO_F4Y
= 
F4LY1   & F4LY2

      + 
F4LY2   & F4LY3

      + 
F4LY3  & F4LY4


:


:

      + 
 F4LY14 & F4LY15

LTO

= 
TO_F1X + TO_F1Y 

    +
TO_F2X + TO_F2Y

    +
TO_F3X + TO_F3Y

    + 
TO_F4X + TO_F4Y

Note: LTO is also assigned to one of the front panel NIM outputs on Lemo connector

LAM_ENABLE.SET = N & A (0) & F (26)

LAM_ENABLE.RESET  = N & A (0) & F (24) +Z 

LAM_REQ.D = 1

LAM_REQ.CLK = /FTO

LAM_REQ.RESET = N & A (0) & F (10) + Z

LAM = LAM_REQ & LAM_ENABLE

FTO  = LTO & /LAM

Note: FTO is assigned to three of the front panel NIM outputs on Lemo connectors

Q = LAM  (CAMAC command N & A (0) & F (8))

-: LAM LOGIC: -

LAM on LTO: Final LAM signal is sent on CAMAC bus when LTO is generated and LAM is enabled through CAMAC command N & A(0) & F(26). LAM can be disabled through CAMAC command N & A(0) & F(24) and reset through CAMAC command N & A 0) & F(10).

MASK logic: -

Mask registers are provided to individually enable / disable inputs from taking part in the coincidence. After power-on all channels are enabled. According to the bits in the mask corresponding inputs will be masked (bit =1) or unmasked (bit =0). The Mask registers are 8 bit wide and the bits assignment is as follows:

f1x1 - f1x8 mask register -> N & A(0) & F(17)

	Bit 0

F1X1
	Bit 0

F1X2
	Bit 0

F1X3
	Bit 0

F1X4
	Bit 1

F1X5
	Bit 1

F1X6
	Bit 1

F1X7
	Bit 1

F1X8


NOTE: - 


‘1’ bit  -> to mask,


‘0’ bit  -> to unmask.

f1x9 - f2x2 mask register-> N & A(1) & F(17),

f2x3 - f2x10 mask register-> N & A(2) & F(17),

f2x11 - f3x4 mask register-> N & A(3) & F(17),

f3x5 - f3x12 mask register-> N & A(4) & F(17),

f3x13 - f4x6 mask register-> N & A(5) & F(17),

f4x7 - f4x14 mask register-> N & A(6) & F(17),

f1y1 - f1y8 mask register-> N & A(7) & F(17)

f1y9 - f2y2  mask register-> N & A(8) & F(17),

f2y3 - f2y10 mask register-> N & A(9) & F(17),

f2y11 - f3y4 mask register-> N & A(10) & F(17),

f3y5 - f3y12 mask register-> N & A(11) & F(17),

f3y13 - f4y6 mask register-> N & A(12) & F(17),

f4y7 - f4y14 mask register-> N & A(13) & F(17),

Pulse width on front panel LTO and FTO:

N & A(15) & F(17) W(1-3)

; W(1-8) = 0 => Width of  50ns – behavior to be checked.

W(1-8) = 1 => Width of  50ns

W(1-8) = 2 => Width of  100ns

W(1-8) = 7 => Width of  350ns

-: CAMAC output: -

Multiplicity logic: All the inputs to be latched with LTO. Will be cleared with LAM_CLEAR (N & A(1) F(10))

           The input pattern can be read as follows:

Read Command N & A (1) & F (0)

	Bit 15

F1LX1
	Bit 14

F2LX1
	Bit 13

F3LX1
	Bit 12

F4LX1
	Bit 11

F1LX2
	Bit 10

F2LX2
	Bit 9

F3LX2
	Bit 8

F4LX2


	Bit 7

F1LX3
	Bit 6

F2LX3
	Bit 5

F3LX3
	Bit 4

F4LX3
	Bit 3

F1LX4
	Bit 2

F2LX4
	Bit 1

F3LX4
	Bit 0

F4LX4


Read Command N & A (2) & F (0)

	Bit 15

F1LX5
	Bit 14

F2LX5
	Bit 13

F3LX5
	Bit 12

F4LX5
	Bit 11

F1LX6
	Bit 10

F2LX6
	Bit 9

F3LX6
	Bit 8

F4LX6


	Bit 7

F1LX7
	Bit 6

F2LX7
	Bit 5

F3LX7
	Bit 4

F4LX7
	Bit 3

F1LX8
	Bit 2

F2LX8
	Bit 1

F3LX8
	Bit 0

F4LX8


Read Command N & A (3) & F (0)

	Bit 15

F1LX9
	Bit 14

F2LX9
	Bit 13

F3LX9
	Bit 12

F4LX9
	Bit 11

F1LX10
	Bit 10

F2LX10
	Bit 9

F3LX10
	Bit 8

F4LX10


	Bit 7

F1LX11
	Bit 6

F2LX11
	Bit 5

F3LX11
	Bit 4

F4LX11
	Bit 3

F1LX12
	Bit 2

F2LX12
	Bit 1

F3LX12
	Bit 0

F4LX12


Read Command N & A (4) & F (0)

	Bit 15

F1LX13
	Bit 14

F2LX13
	Bit 13

F3LX13
	Bit 12

F4LX13
	Bit 11

F1LX14
	Bit 10

F2LX14
	Bit 9

F3LX14
	Bit 8

F4LX14


	Bit 7

F1LY1
	Bit 6

F2LY1
	Bit 5

F3LY1
	Bit 4

F4LY1
	Bit 3

F1LY2
	Bit 2

F2LY2
	Bit 1

F3LY2
	Bit 0

F4LY2


Read Command N & A (5) & F (0)

	Bit 15

F1LY3
	Bit 14

F2LY3
	Bit 13

F3LY3
	Bit 12

F4LY3
	Bit 11

F1LY4
	Bit 10

F2LY4
	Bit 9

F3LY4
	Bit 8

F4LY4


	Bit 7

F1LY5
	Bit 6

F2LY5
	Bit 5

F3LY5
	Bit 4

F4LY5
	Bit 3

F1LY6
	Bit 2

F2LY6
	Bit 1

F3LY6
	Bit 0

F4LY6


Read Command N & A (6) & F (0)

	Bit 15

F1LY7
	Bit 14

F2LY7
	Bit 13

F3LY7
	Bit 12

F4LY7
	Bit 11

F1LY8
	Bit 10

F2LY8
	Bit 9

F3LY8
	Bit 8

F4LY8


	Bit 7

F1LY9
	Bit 6

F2LY9
	Bit 5

F3LY9
	Bit 4

F4LY9
	Bit 3

F1LY10
	Bit 2

F2LY10
	Bit 1

F3LY10
	Bit 0

F4LY10


Read Command N & A (7) & F (0)

	Bit 15

F1LY11
	Bit 14

F2LY11
	Bit 13

F3LY11
	Bit 12

F4LY11
	Bit 11

F1LY12
	Bit 10

F2LY12
	Bit 9

F3LY12
	Bit 8

F4LY12


	Bit 7

F1LY13
	Bit 6

F2LY13
	Bit 5

F3LY13
	Bit 4

F4LY13
	Bit 3

F1LY14
	Bit 2

F2LY14
	Bit 1

F3LY14
	Bit 0

F4LY14


Read Command N & A (8) & F (0)

	Bit 15

TO_1X
	Bit 14 TO_2X
	Bit 13

TO_3X
	Bit 12

TO_4X
	Bit 11

TO_1Y
	Bit 10

TO_2Y
	Bit 9

TO_3Y
	Bit 8

TO_4Y


	Bit 7

0
	Bit 6

0
	Bit 5

0
	Bit 4

0
	Bit 3

0
	Bit 2

0
	Bit 1

0
	Bit 0

0


Scalars: LTO, TO_F1X, TO_F2X, TO_F3X, TO_F4X, TO_F1Y, TO_F2Y, TO_F3Y, TO_F4Y. These are 16 bit counters (except LTO which is 24 bit counter) and will enable on CAMAC command N & A (5) & F (17) and readable on CAMAC bus using CAMAC commands as follows: 

Read Scalar_LTO_low -> N & A(14) & F(2)

Read Scalar_LTO_high -> N & A(15) & F(2)    (bits 8 - 15 are permanently  0)

Read Scalar_TO_F1X -> N & A(0) & F(2)

Read Scalar_TO_F2X -> N & A(1) & F(2)

Read Scalar_TO_F3X -> N & A(2) & F(2)

Read Scalar_TO_F4X -> N & A(3) & F(2)

Read Scalar_TO_F1Y -> N & A(4) & F(2)

Read Scalar_TO_F2Y -> N & A(5) & F(2)

Read Scalar_TO_F3Y -> N & A(6) & F(2)

Read Scalar_TO_F4Y -> N & A(7) & F(2)

These scalars can be cleared by individual commands or a common command as follows:

Reset Scalar_LTO -> N & A(0) & F(11)

Reset Scalar_TO_F1X -> N & A(1) & F(11)

Reset Scalar_TO_F2X -> N & A(2) & F(11)

Reset Scalar_TO_F3X -> N & A(3) & F(11)

Reset Scalar_TO_F4X -> N & A(4) & F(11)

Reset Scalar_TO_F1Y -> N & A(5) & F(11)

Reset Scalar_TO_F2Y -> N & A(6) & F(11)

Reset Scalar_TO_F3Y -> N & A(7) & F(11)

Reset Scalar_TO_F4Y -> N & A(8) & F(11)

Reset ScalarsAll   -> N & A(15) & F(11)

Total of 9 scalars. If possible, more scalars can be provided.

Check if one scalar for LAM width can be added.’

Status of control signal: The status of control signals like I, LAM, Q, X can be read on CAMAC command N & A(1) & F(1). The bit pattern is as follows,

	Bit 15

0
	Bit 14 0
	Bit 13

0
	Bit 12

0
	Bit 11

0
	Bit 10

0
	Bit 9

0
	Bit 8

0


	Bit 7

0
	Bit 6

0
	Bit 5

0
	Bit 4

0
	Bit 3

I
	Bit 2

LAM
	Bit 1

Q
	Bit 0

X


General: Upon POWER_ON, the module will be in clear state i.e. LAM_REQ will be cleared, LAM_ENABLE will be reset, scalers will be cleared and the Latched input DATA will be zero. Same thing will happen with CAMAC Z command.

Note: The suggested feature of rejecting coincidence based on width criterion has been tried but not implemented in the tested version. If approved, it can be incorporated.
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Fig 1: Block Schematic of the INO_CTG
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