Digitizer Card Mapping in the Control Bus Address Space
The digitizer card can be accessed from the control bus (CB) with 8 data bits and 13 address lines.  The upper bits of the address lines are used to distinguish the modules in the crate.  Each digitizer card is normally given 256 bytes to be accessed by the controller card.

The information accessible via CB is stored in the digitizer card using block memories and registers implemented in the lower (sums03) FPGA.  There are 4 types information accessible via CB: thresholds, operation settings, sums and control registers.  The thresholds and operation settings are supported with paging scheme.  The data being accessed by the CB and the data being used for module operation can be different.  The paging scheme allows users to avoid changing thresholds and operation settings while they are used.  The pages being used and being accessed are changed by writing corresponding control registers.  The sums are latched as if they are double buffered.  However, the sums are actually implemented using similar paging scheme.  The users are allowed to take further advantage of the sum implementation.
The particular addresses of the contents can be assigned in two different mappings: the original mapping and native mapping.  The contents stored in the digitizer cards internally using native mapping.  The contents are remapped via an address translation ROM to the original mapping so that originally written test software can still be used.  The contents normally to be readout together are organized together in the native mapping.  The users are allowed to take advantage of native mapping to write faster and simpler software.  The switching between the mappings is purely software operation; simply set or reset the bit 7 of the FF register (at address 0xFF).  The power on default is the original mapping.
The digitizer card also supports both individual and broadcast accesses.  Each digitizer card in the crate can be accessed individually at the assigned card address.  All the cards in the crate can be written simultaneously at the broadcast address.  The broadcast ability allows the cards to change operation state (such as threshold page to be used) together.
Native Mapping
The native mapping of the digitizer card is shown in the following table.  The digitizer presents the native mapping when the bit 7 of the FF register is set (=1xxxxxxx_b).
	00
	R/W
	Threshold
	Immediate
	ch
	0

	04
	 
	 
	 
	 
	1

	08
	 
	 
	 
	 
	2

	0C
	 
	 
	 
	 
	3

	10
	R/W
	 
	Fast
	ch
	0

	14
	 
	 
	 
	 
	1

	18
	 
	 
	 
	 
	2

	1C
	 
	 
	 
	 
	3

	20
	R/W
	 
	Slow
	ch
	0

	24
	 
	 
	 
	 
	1

	28
	 
	 
	 
	 
	2

	2C
	 
	 
	 
	 
	3

	30
	R/W
	 
	Very Slow
	ch
	0

	34
	 
	 
	 
	 
	1

	38
	 
	 
	 
	 
	2

	3C
	 
	 
	 
	 
	3

	40
	R/W
	Sum Length
	Immediate
	 
	 

	42
	R/W
	 
	Fast
	 
	 

	44
	R/W
	 
	Slow
	 
	 

	46
	R/W
	 
	Very Slow
	 
	 

	48
	R/W
	Constant
	 
	ch
	0

	4A
	 
	 
	 
	 
	1

	4C
	 
	 
	 
	 
	2

	4E
	 
	 
	 
	 
	3

	58
	R/W
	Squlch Level
	 
	ch
	0

	5A
	 
	 
	 
	 
	1

	5C
	 
	 
	 
	 
	2

	5E
	 
	 
	 
	 
	3

	60
	R/W
	Pedestal
	 
	ch
	0

	62
	 
	 
	 
	 
	1

	64
	 
	 
	 
	 
	2

	66
	 
	 
	 
	 
	3

	68
	R/W
	Mode Select
	 
	ch
	0

	6A
	 
	 
	 
	 
	1

	6C
	 
	 
	 
	 
	2

	6E
	 
	 
	 
	 
	3

	70
	R/W
	DAC Out
	 
	ch
	0

	72
	 
	 
	 
	 
	1

	74
	 
	 
	 
	 
	2

	76
	 
	 
	 
	 
	3

	78
	R/W
	Test DAC
	 
	 
	 

	80
	R
	Sum
	Immediate
	ch
	0

	84
	 
	 
	 
	 
	1

	88
	 
	 
	 
	 
	2

	8C
	 
	 
	 
	 
	3

	90
	R
	 
	Fast
	ch
	0

	94
	 
	 
	 
	 
	1

	98
	 
	 
	 
	 
	2

	9C
	 
	 
	 
	 
	3

	A0
	R
	 
	Slow
	ch
	0

	A4
	 
	 
	 
	 
	1

	A8
	 
	 
	 
	 
	2

	AC
	 
	 
	 
	 
	3

	B0
	R
	 
	Very Slow
	ch
	0

	B4
	 
	 
	 
	 
	1

	B8
	 
	 
	 
	 
	2

	BC
	 
	 
	 
	 
	3

	C0
	R
	Integration
	 
	ch
	0

	C8
	 
	 
	 
	 
	1

	D0
	 
	 
	 
	 
	2

	D8
	 
	 
	 
	 
	3

	E0
	R/W
	THR U page
	 
	 
	 

	E1
	R/W
	THR C page
	 
	 
	 

	E2
	R/W
	Constant U page
	 
	 
	 

	E3
	R/W
	Constant C page
	 
	 
	 

	E4
	R/W
	Sum U page
	 
	 
	 

	E5
	R/W
	Sum F page
	 
	 
	 

	E6
	R/W
	Sum S page
	 
	 
	 

	E7
	R/W
	Sum V page
	 
	 
	 

	F6
	R
	Circular Buffer PT
	 
	 
	 

	F8
	R/W
	FPGA Ctrl Reg.
	 
	 
	 

	FC
	R
	Temperature
	 
	 
	 

	FF
	R/W
	FF reg
	 
	 
	 


The thresholds from address 0x00 to 0x3F are 32-bit numbers each occupying 4 bytes.  The LSB of the threshold has a lower address.  There are 64 pages of thresholds.  The pages being used and being accessed via CB are represented by the lower 6 bits of the “THR U page” (at 0xE0) and the “THR C page” (at 0xE1) registers, respectively.
The addresses from 0x40 to 0x7F contain the settings for the module operation.  There are 8 pages for this class of information.  The pages being used and being accessed via CB are represented by the lower 3 bits of the “Constant U page” (at 0xE2) and the “Constant C page” (at 0xE3) registers, respectively.

The addresses from 0x80 to 0xDF are assigned for sums.  The fast, slow and very slow sliding sums are 32-bit integers taking 4 bytes each.  The LSB has lower address.  The immediate measurements are implemented as sliding sums with sum length =1.  On power on, the sum length (at 0x40 and 0x41) for immediate is automatically preset to 1, i.e., (0x40) = 0x01 and (0x41) = 0x00.  The users need not to set the sum length for immediate for regular operation.  However, the immediate can be used as any other sliding sums by setting the sum length.  The immediate sliding sums are also given 32 bits each, although only the lower 16 bits will be non-zero if the sum length is set to =1.  The 4 types of the sliding sums, immediate, fast, slow and very slow are implemented identically.  The integrations are 64-bit integers and are readout as sums.
There are 4 pages for the sums.  The pages being used and being accessed via CB are represented by the lower 2 bits of the “Sum U page” (at 0xE4), the “Sum F page” (at 0xE5), the “Sum S page” (at 0xE6) and the “Sum V page” (at 0xE7) registers, respectively.  All the page registers are reset on power up and can be read and written by the Controller Card.  When the latch sum signals for fast, slow and/or very slow become active, the sum F, S and/or V pages are updated to the current value of the Sum U page and then the Sum U page increases by 1.  So the corresponding pages for different sum types point to the last latched values unless more than 4 latch commands have been issued before the sums are readout.  The bit 7 of the sum F, S and V page registers are used to prevent the registers being updated by the latch sum signals.  The user may set the bit 7 of the page registers before reading the sums so that the contents are not corrupted by the new latch sum signals.
The contents of immediate sliding sums and the integrations are pointed by the Sum F page and the Sum V page registers, respectively.

Original Mapping
The original mapping is shown in the following table.  The digitizer presents the original mapping when the bit 7 of the FF register is reset (=0xxxxxxx_b).  The original mapping is also the power on default condition.
	00
	R/W
	Threshold
	Fast
	ch
	0

	04
	R/W
	
	Slow
	ch
	0

	08
	R/W
	
	Very Slow
	ch
	0

	0C
	R/W
	
	Immediate
	ch
	0

	10
	R
	Sum
	Fast
	ch
	0

	14
	R
	
	Slow
	ch
	0

	18
	R
	
	Very Slow
	ch
	0

	1C
	R/W
	Mode Select
	
	ch
	0

	1E
	R/W
	DAC Out
	
	ch
	0

	20
	R
	Sum
	Immediate
	ch
	0

	22
	R/W
	Pedestal
	
	ch
	0

	24
	R/W
	Constant
	
	ch
	0

	26
	R/W
	Squlch Level
	
	ch
	0

	28
	R
	Integration
	
	ch
	0

	30
	R/W
	Threshold
	Fast
	ch
	1

	34
	R/W
	
	Slow
	ch
	1

	38
	R/W
	
	Very Slow
	ch
	1

	3C
	R/W
	
	Immediate
	ch
	1

	40
	R
	Sum
	Fast
	ch
	1

	44
	R
	
	Slow
	ch
	1

	48
	R
	
	Very Slow
	ch
	1

	4C
	R/W
	Mode Select
	
	ch
	1

	4E
	R/W
	DAC Out
	
	ch
	1

	50
	R
	Sum
	Immediate
	ch
	1

	52
	R/W
	Pedestal
	
	ch
	1

	54
	R/W
	Constant
	
	ch
	1

	56
	R/W
	Squlch Level
	
	ch
	1

	58
	R
	Integration
	
	ch
	1

	60
	R/W
	Threshold
	Fast
	ch
	2

	64
	R/W
	
	Slow
	ch
	2

	68
	R/W
	
	Very Slow
	ch
	2

	6C
	R/W
	
	Immediate
	ch
	2

	70
	R
	Sum
	Fast
	ch
	2

	74
	R
	
	Slow
	ch
	2

	78
	R
	
	Very Slow
	ch
	2

	7C
	R/W
	Mode Select
	
	ch
	2

	7E
	R/W
	DAC Out
	
	ch
	2

	80
	R
	Sum
	Immediate
	ch
	2

	82
	R/W
	Pedestal
	
	ch
	2

	84
	R/W
	Constant
	
	ch
	2

	86
	R/W
	Squlch Level
	
	ch
	2

	88
	R
	Integration
	
	ch
	2

	90
	R/W
	Threshold
	Fast
	ch
	3

	94
	R/W
	
	Slow
	ch
	3

	98
	R/W
	
	Very Slow
	ch
	3

	9C
	R/W
	
	Immediate
	ch
	3

	A0
	R
	Sum
	Fast
	ch
	3

	A4
	R
	
	Slow
	ch
	3

	A8
	R
	
	Very Slow
	ch
	3

	AC
	R/W
	Mode Select
	
	ch
	3

	AE
	R/W
	DAC Out
	
	ch
	3

	B0
	R
	Sum
	Immediate
	ch
	3

	B2
	R/W
	Pedestal
	
	ch
	3

	B4
	R/W
	Constant
	
	ch
	3

	B6
	R/W
	Squlch Level
	
	ch
	3

	B8
	R
	Integration
	
	ch
	3

	C0
	R
	Sum
	Immediate
	ch
	0

	C4
	
	
	
	
	1

	C8
	
	
	
	
	2

	CC
	
	
	
	
	3

	E0
	R/W
	THR U page
	
	
	

	E1
	R/W
	THR C page
	
	
	

	E2
	R/W
	Constant U page
	
	
	

	E3
	R/W
	Constant C page
	
	
	

	E4
	R/W
	Sum U page
	
	
	

	E5
	R/W
	Sum F page
	
	
	

	E6
	R/W
	Sum S page
	
	
	

	E7
	R/W
	Sum V page
	
	
	

	EC
	R/W
	Sum Length
	Immediate
	
	

	F0
	R/W
	
	Fast
	
	

	F2
	R/W
	
	Slow
	
	

	F4
	R/W
	
	Very Slow
	
	

	F6
	R
	Circular Buffer PT
	
	
	

	F8
	R/W
	FPGA Ctrl Reg.
	
	
	

	FA
	R/W
	Test DAC
	
	
	

	FC
	R
	Temperature
	
	
	

	FF
	R/W
	FF reg
	
	
	


The contents are kept at the original locations in the original mapping.  The newly added contents are added to the originally unused space.  The immediate sliding sums at 0x20, 0x50, 0x80 and 0xB0 are 16-bit integers as originally defined.  The 32-bit version of the immediate sliding sums is mapped from C0 to CF.  The sum length for immediate is stored at 0xEC which is preset to =1 at power on.
Broadcast Access

The CB address space has 13 bits.  The digitizer card individual access address is 0x0NXX, where N = 0 to E is the board switch setting and XX = 00 to FF is the byte address.
The digitizer card broadcast access use the address space outside the above.  The address is 0x13XX which was unused by any card.  In the broadcast access address space, all digitizer cards are selected as being individually accessed.  

· Writing to a location in 0x13XX causes the addressed byte in all cards being written with the same value.  

· Reading in the 0x13XX space is not recommended since the bus conflict may be resulted in.  Reading-after-writing is allowed since the anticipated values from all cards are identical but may not be very useful.
The broadcast access is essentially used to change operating condition of all cards simultaneously.  For example, one may change the threshold page being used when a machine state change is needed.
