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1. Introduction
The present document describes the electronics hardware that will be used to readout the active pixel sensor (APS) for the TEAM microscope. In the first phase of this project the image sensor is a 1k x 1k device with 16 analog outputs. 

The scope of this document covers only the hardware up to the interface with the Virtex 5 main board. From there on into the computer system see doc #XXXX.
The digital system is going to be built around 2 Gretina digitizer boards, a Virtex 5 evaluation board and a mezzanine board. In order to (1) feed the data into the digitizers, (2) provide clock and bias for the APS, (3) read current for the scatter sensor, (4) read the temperature sensor, (5) power the temperature controller resistor and (6) power the Peltier cooler there will be a set of boards and cables that will be described later in this document.
The digitizers’ functions are

· digitize the 16 analog signal

· generate clock signals

· set the DAQs for bias voltages

· execute pedestal subtraction

· send data to the Virtex 5 board in two modes

· Raw data which are 16 bits at reduced speed (<400 frames per second (fps) to cope with bandwidth limitation of the storage system)

· Processed data (pedestal subtracted) which are 10 bits wide at full speed (400 fps)

The mezzanine board functions are

· Interface the virtex board to the digitizers (data and control)

· Regulate voltages for all boards

· Drive (single ended to LVDS) signals for the clock lines for the APS

· Set DAQs for the bias voltages

· Buffer input clock (from Virtex 5) that will feed the digitizers.

2.  Hardware description
The main modules for the TEAM electronics hardware are shown in Figure 1. From right to left this block diagram shows the active pixel sensor (APS). This sensor will be replaceable and therefore the frame board where it is wire bonded. This board has connectors to attach it to the frame board. This board is then connected to the flex cable which is used to feed through all the control and data signals to and from the APS. The cable board is a mechanical interface between the flex cable and the cables that goes to the digitizers. The digitizer boards were developed for the GRETINA project. Those boards have 10 channels with 14 bits ADCs. Only eight channels of each board will be used to instrument the 16 analog signals of the APS. Digitizer board 0 besides digitizing the signals will also be responsible for generation the clock signals for the APS. Digitizer board 1 besides digitizing the signals will also be responsible for as well as for setting the DAC’s for bias voltages. The clock for the digitizers comes from the Virtex 5 board and it is buffered and copied in the mezzanine board, in this way these boards will be always in sync. The Main board is a standard evaluation board sold by Xilinx. The FPGA in it is a Virtex 5.
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Figure 1 - TEAM detector block diagram.

2.1. Mezzanine (backplane) board

The main board and the digitizer will be interconnected through a mezzanine board. This board will be able to receive the signal from the Samtec on the main board side, and the VME 64x on the digitizer side. The block diagram for this board is shown in Figure 2. This mezzanine will have the following characteristics

· Provide connector compatibility

· Provide route from/to main board from/to digitizers

· Provide power for main board

· Provide power for the digitizers

· Provide bias voltages to the APS

· Provide power for the clock drivers for the APS

· Buffer and copy main clock to the digitizers.

· Geographical addressing?

Figure 3 shows the mechanical displacements of the boards inside the box. The box will fit in a standard crate.
Figure 4 shows a front panel that will be used to connect all the analog/digital cables. It will also help with mechanical stability. 
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Figure 2 – DAQ system block diagram.
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Figure 3 – 3D view of the boards’ assembly (option 1).
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Figure 4 – Front panel.
2.1.1. Interface Virtex 5 Main board to digitizer board
The digitizer side board will communicate with a main board using a custom protocol. The communication will be done using the J1/P1 and J2/P2 connectors. The block diagram of the VME Interface for the digitizer boards is shown in Figure 5.
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Figure 5: Digitizer VME Interface Block Digram

The virtex 5 board has 84 IOs available in each of the expansion connectors (see detail later in the document). Those lines are assigned as shown in ????.

Table 1 - IO assignment.
	Signal
	# of IOs used

	DATA
	64

	ADDRESS
	10

	CLK (50MHz)
	2 (differential line)

	CTRL
	8 (4 per digitizer)



Table 2
 and Table 3 show the pins assignment for the J1/P1 and J2/P2 respectively. Signals shaded in red are not connected in the digitizers.
Table 2 – VME P1 Signals

	 VME I/O: J1/P1 Pin Assignments (VME64x)

	Pin
	Row Z
	Row A
	Row B
	Row C
	Row D

	1
	MPR
	D00
	BBSYn
	D08
	VPC

	2
	GND
	D01
	BCLRn
	D09
	GND

	3
	MCLK
	D02
	ACFAILn
	D10
	+V1

	4
	GND
	D03
	BG0INn
	D11
	+V2

	5
	MSD
	D04
	BG0OUTn
	D12
	RsvU

	6
	GND
	D05
	BG1INn
	D13
	-V1

	7
	MMD
	D06
	BG1OUTn
	D14
	-V2

	8
	GND
	D07
	BG2INn
	D15
	RsvU

	9
	MCTL
	GND
	BG2OUTn
	GND
	GAPn

	10
	GND
	SYSCLK
	BG3INn
	SYSFAILn
	GA0n

	11
	RESPn
	GND
	BG3OUTn
	BERRn
	GA1n

	12
	GND
	DS1n
	BR0n
	SYSRESETn
	+3.3V

	13
	RsvBus
	DS0n
	BR1n
	LWORDn
	GA2n

	14
	GND
	WRITEn
	BR2
	AM5
	+3.3V

	15
	RsvBus
	GND
	BR3n
	A23
	GA3n

	16
	GND
	DTACKn
	AM0
	A22
	+3.3V

	17
	RsvBus
	GND
	AM1
	A21
	GA4n

	18
	GND
	Asn
	AM2
	A20
	+3.3V

	19
	RsvBus
	GND
	AM3
	A19
	RsvBus

	20
	GND
	IACKn
	GND
	A18
	+3.3V

	21
	RsvBus
	IACKINn
	SERA
	A17
	RsvBus

	22
	GND
	IACKOUTn
	SERB
	A16
	+3.3V

	23
	RsvBus
	AM4
	GND
	A15
	RsvBus

	24
	GND
	A01
	IRQ7n
	A14
	+3.3V

	25
	RsvBus
	A02
	IRQ6n
	A13
	RsvBus

	26
	GND
	A03
	IRQ5n
	A12
	+3.3V

	27
	RsvBus
	A04
	IRQ4n
	A11
	LI/In

	28
	GND
	A05
	IRQ3n
	A10
	+3.3V

	29
	RsvBus
	A06
	IRQ2n
	A09
	LI/On

	30
	GND
	A07
	IRQ1n
	A08
	+3.3V

	31
	RsvBus
	-12 VDC
	+5 VSTDBY
	+12 VDC
	GND

	32
	GND
	+5 VDC
	+5 VDC
	+5 VDC
	VPC


VMEBUS J2/P2 CONNECTOR PIN ASSIGNMENTS

A 96 pin connector will be used for P2/J2 because there are no proposed connections to Row D and Row Z.

Table 3 - VME P2 Signals

	VME I/O: P2/J2 Pin Assignments (VME64x)

	Pin
	Row Z
	Row A
	Row B
	Row C
	Row D

	1
	UsrDef
	UsrDef
	+5 VDC
	UsrDef
	UsrDef

	2
	GND
	UsrDef
	GND
	UsrDef
	UsrDef

	3
	UsrDef
	UsrDef
	RETRYn
	UsrDef
	UsrDef

	4
	GND
	UsrDef
	A24
	UsrDef
	UsrDef

	5
	UsrDef
	UsrDef
	A25
	UsrDef
	UsrDef

	6
	GND
	UsrDef
	A26
	UsrDef
	UsrDef

	7
	UsrDef
	UsrDef
	A27
	UsrDef
	UsrDef

	8
	GND
	UsrDef
	A28
	UsrDef
	UsrDef

	9
	UsrDef
	UsrDef
	A29
	UsrDef
	UsrDef

	10
	GND
	UsrDef
	A30
	UsrDef
	UsrDef

	11
	UsrDef
	UsrDef
	A31
	UsrDef
	UsrDef

	12
	GND
	UsrDef
	GND
	UsrDef
	UsrDef

	13
	UsrDef
	UsrDef
	+5 VDC
	UsrDef
	UsrDef

	14
	GND
	UsrDef
	D16
	UsrDef
	UsrDef

	15
	UsrDef
	UsrDef
	D17
	UsrDef
	UsrDef

	16
	GND
	UsrDef
	D18
	UsrDef
	UsrDef

	17
	UsrDef
	UsrDef
	D19
	UsrDef
	UsrDef

	18
	GND
	UsrDef
	D20
	UsrDef
	UsrDef

	19
	UsrDef
	UsrDef
	D21
	UsrDef
	UsrDef

	20
	GND
	UsrDef
	D22
	UsrDef
	UsrDef

	21
	UsrDef
	UsrDef
	D23
	UsrDef
	UsrDef

	22
	GND
	UsrDef
	GND
	UsrDef
	UsrDef

	23
	UsrDef
	UsrDef
	D24
	UsrDef
	UsrDef

	24
	GND
	UsrDef
	D25
	UsrDef
	UsrDef

	25
	UsrDef
	UsrDef
	D26
	UsrDef
	UsrDef

	26
	GND
	UsrDef
	D27
	UsrDef
	UsrDef

	27
	UsrDef
	UsrDef
	D28
	UsrDef
	UsrDef

	28
	GND
	UsrDef
	D29
	UsrDef
	UsrDef

	29
	UsrDef
	UsrDef
	D30
	UsrDef
	UsrDef

	30
	GND
	UsrDef
	D31
	UsrDef
	UsrDef

	31
	UsrDef
	UsrDef
	GND
	UsrDef
	GND

	32
	GND
	UsrDef
	+5 VDC
	UsrDef
	VPC


The main board has two 120 pin connectors manufactured by Samtec PN QTE-060-01-F-D-A. The mating part is QSE-060-01-F-D-A or QSE-060-01-F-D-EM2-GP. Each one of this connector will be used to set the communication between the main board and one of the digitizers. Figure 6 shows the SAMTEC connector and Table 4 shows the pin assignment for it.
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Figure 6 - SAMTEC connector.

Table 4 – Pin assignment for the Samtec interface connector
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[image: image9.emf]
2.1.1.1. Data format

The data sent from the digitizers to the main board have the format shown in 
Table 2
. The ADC data is 14 bits wide. The four MSB are defined as Line Valid (LV), Data Valid (DV) , Column 0 (C0) and Line 0 (L0). These two flags allow the main board to check the synchronism of the system.

Table 5 – Data Format.

	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	LV
	DV
	C0
	L0
	ADC DATA
	
	
	ADC DATA


2.1.2. Interface digitizer to digitizer boards
The digitizers besides acquiring data will generate the clocks for the APS and set the DAC’s that provide bias voltages. Each board will perform one of these tasks. The communication will be done by the test pin IO connector. This connector has 16 IO lines. If needed, some of these IOs can be used for communication between the two digitizers, for example, to keep them in sync.
2.1.3. Interface digitizer to cable board

The pin assignments for the analog input signals are defined in Table 6.  The labeling for the signals is as follows:

CH1P: Channel 1, positive polarity input signal

CH1N: Channel 1, negative polarity input signal

SHIELD1: Internal cable shield for Channel 1 wire pair

CH2P: Channel 2, positive polarity input signal

CH2N: Channel 2, negative polarity input signal

SHIELD2: Internal cable shield for Channel 2 wire pair

………

CH9P: Channel 9, positive polarity input signal

CH9N: Channel 9, negative polarity input signal

SHIELD9: Internal cable shield for Channel 9 wire pair

CH10P: Channel 10, positive polarity input signal

CH10N: Channel 10, negative polarity input signal

SHIELD10: Internal cable shield for Channel 10 wire pair

SP1: Auxiliary wire pair connections and shield

SP2: Auxiliary wire pair connections and shield

GND: Board Ground

Table 6 - Digitizer Input Pin Assignments

	Digitizer Input Interface 

(100pin ITT Cannon Double Density D Connector, 2DD100SBRP)

	Pin
	Description
	Pin
	Description
	Pin
	Description
	Pin
	Description

	1
	SHIELD10
	27
	SHIELD10
	
	
	
	

	2
	CH10P
	28
	CH10N
	52
	SP2
	76
	SP2

	3
	GND
	29
	GND
	53
	GND
	77
	SP2

	4
	GND
	30
	GND
	54
	SHIELD9
	78
	SHIELD9

	5
	GND
	31
	GND
	55
	CH9N
	79
	CH9P

	6
	SHIELD8
	32
	SHIELD8
	56
	GND
	80
	GND

	7
	CH8P
	33
	CH8N
	57
	GND
	81
	GND

	8
	GND
	34
	GND
	58
	GND
	82
	GND

	9
	GND
	35
	GND
	59
	SHIELD7
	83
	SHIELD7

	10
	GND
	36
	GND
	60
	CH7N
	84
	CH7P

	11
	SHIELD6
	37
	SHIELD6
	61
	GND
	85
	GND

	12
	CH6P
	38
	CH6N
	62
	GND
	86
	GND

	13
	GND
	39
	GND
	63
	GND
	87
	GND

	14
	GND
	40
	GND
	64
	SHIELD5
	88
	SHIELD5

	15
	GND
	41
	GND
	65
	CH5N
	89
	CH5P

	16
	SHIELD4
	42
	SHIELD4
	66
	GND
	90
	GND

	17
	CH4P
	43
	CH4N
	67
	GND
	91
	GND

	18
	GND
	44
	GND
	68
	GND
	92
	GND

	19
	GND
	45
	GND
	69
	SHIELD3
	93
	SHIELD3

	20
	GND
	46
	GND
	70
	CH3N
	94
	CH3P

	21
	SHIELD2
	47
	SHIELD2
	71
	GND
	95
	GND

	22
	CH2P
	48
	CH2N
	72
	GND
	96
	GND

	23
	GND
	49
	GND
	73
	GND
	97
	GND

	24
	GND
	50
	GND
	74
	SHIELD1
	98
	SHIELD1

	25
	SP1
	51
	SP1
	75
	CH1N
	99
	CH1P

	26
	SP1
	
	
	
	
	100
	GND


The digital signals are assigned as follows

	Pin #
	Pin name
	Function

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
	
	

	16
	
	

	17
	
	

	18
	
	

	19
	
	

	20
	
	

	21
	
	

	22
	
	

	23
	
	

	24
	
	

	25
	
	

	26
	
	

	27
	
	

	28
	
	

	29
	
	

	30
	
	

	31
	
	


2.1.4. Power supply

We will use a rack mount power supply for this project. It needs to be specified.

The voltages needed for the digitizers are:

· +12V @ 80mA
· - 12V @ 370mA
· + 5V @ 3.5A
· +3.3V @ 2.3 A
The current values are per digitizer.

2.2. Bias board

The main functions for this board are (1) to allow for mechanical interface among all different sources of signals to the feed through / flex cable; (2) convert the clock signal from differential to single ended; and (3) to provide all bias voltages and current bias for the camera sensor.
The cable board is connected to the follow hardware
· Feed through board that goes into the microscope

· Digitizer analog inputs

· Mezzanine (backplane) board for bias and clock signals

· Current meter

· Peltier cooler power supply

· Temperature controller

· Aux power supply source (if not using the same as the backplane board)

This board also has the following functions

· Drivers for the analog signal from pseudo differential to fully differential

· Drivers for the clocks from LVDS do CMOS 3.3V. The digital cable also brings power to the board.
· Bias circuitry
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Figure 7  - Bias board (top view).

Next figure shows the block diagram with all function that this board has to perform. Following that are the explanation of each block.
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Figure 8  - Bias board block diagram.

Power supply 

The digital cable or Aux input will deliver dirty +/- 12 and 5V. The 5V power supply is regulated down to 3.3 V that supplys all the CMOS signals to the APS. The +/- 12 volts are regulated down to +/-9V and +/-5 and are used for all analog signals.
Pseudo to true differential analog signals to true differential signal.

What are the key aspects of driving this analog differential voltage that I need to pay attention to?


Input impedance? Low, High or matched to a specific value? 50ohm?

For the analog output and for the reference voltages?


Cable Impedance?

Current capacity to drive a cable?


…?

Reference voltage


This blocks gets the outH and outL outputs from the sensor and generates the reference voltage for the differential line amplifiers. The reference voltage is common to all channels.

2.3. Frame board
Figure 9 and Figure 10 shows a block diagram of the frame board. This board is mechanically connected to the system that moves the CCD in and out of the electron beam. This board is also connected to the sensor through wire bonds.
The outputs of the APS are supposed to be pseudo differential. 
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Figure 9  - Frame board (top view).
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Figure 10  - Frame board (side view).

2.4. Flex cable

The flex cable will be used to connect the system in the vacuum with the system exposed to air. It will be flexible to allow the mechanical movement of the sensor. This movement is necessary expose the sensor to the electrons beam and therefore take images and to retract the camera when it is not in use.
3. Digitizer VHDL functions

3.1. Digitizer to Virtex 5 main board communication

On the virtex 5 board the following are block diagrams for the communication with the digitizer as well as the state machine states for this task
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Figure 11 - V5 to digitizer VHDL block diagram.
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Figure 12 - V5 to digitizer communication state machine.
3.1.1. Control/status communication

The main board will control the digitizers by writing registers inside these boards. All registers will be readable from the main board. The communication protocol for these data transfers is shown in Figure 13. 

This protocol implies that there is a master board and a slave. The master board will be the Virtex 5 main board. The digitizer will be the slaves.


[image: image16]
Figure 13: Main board/digitizers communication timing diagram – Master Write/Read Operations.
3.1.2. Data communication

The data coming from the APS is digitized by the digitizer board. Some processing in those signal are done (initially pedestal subtraction) and then the processed data is sent to the main board. This communication is unidirectional going from the digitizers to the main board.

The digitizer will acquire data and store them initially inside the FPGA. Once a line is built and sorted, then it will be transferred to a FIFO that will hold up to N lines. The empty signal of this second FIFO will be used as line valid signal. Base on this signal the main board can do a block transfer of one complete line.

The data from the digitizers to the V5 board has the following structure

L0_Dig0_Out

<= Data_In(63);

C0_Dig0_Out

<= Data_In(62);

LV_Dig0_Out

<= Data_In(61);

FV_Dig0_Out

<= Data_In(60);

Data_Dig0_Out
<= Data_In(59 downto 32);

L0_Dig1_Out

<= Data_In(31);

C0_Dig1_Out

<= Data_In(30);

LV_Dig1_Out

<= Data_In(29);

FV_Dig1_Out

<= Data_In(28);

Data_Dig1_Out
<= Data_In(27 downto 0);

Where 14 LSB of data carry info about pixel n and the MSB carry info about pixel n of the adjacent next output drivers. It takes 8 clocks to read 1 pixel of each half of the APS`. 

3.2. Bus (VME) FPGA VHDL description
The BUS FPGA has the function to control all the data transfer that happens in the back plane. This allow the digitizers to communicate with the V5 FPGA. Besides that it coordinates the main FPGA data and register communication in this way making possible for the main FPGA to send its register values or image data. Some other functions that the bus FPGA handles are related to board management like clock source.
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Figure 14 - Bus FPGA block diagram.
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Figure 15 - Bus FPGA register controller state machine states.
3.3. Digitizer main FPGA 

The main FPGA has to control the APS at it’s lowest level and in order to do that it need s to generate clock, digitize the data, set all bias voltages and currents, sort the data to form a line and send it to the V5 board.
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Figure 16 - Main FPGA block diagram.

The channels module gererate data at 100Mhz rate. This data could be real of fake data. Option for fake data are count up, count down of channel ID.

The lines memory is described in more detail on the following two pictures.
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Figure 17 - line memory and mux organization.
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Figure 18 - Line control structure.

3.3.1. Digitizer front bus communication

The front bus can be used to distribute the clock. Besides that it will allow the two digitizers to communicate with each other. The digitizers will either drive or receive data on the data and parallel bus. In order to avoid contingency the digitizer will get its back plane position from the VME connector using Address line 11. A zero there means this board is controlling the APS clock drivers and it will send some information (for example L0, C0) through the data front bus. This digitizer will also receive data from the other digitizer on the address front bus.


Line zero (L0) is connected to FB_DATA(0)


Column zero (C0) is connected to FB_DATA(1)
3.3.2. Digitizer 1 - clock generation for the APS
The digitizer is going to generate the clock signal for the APS. Those signals are going to be derived from the main FPGA clock. This clock can be provided by the reference clock in the board, from an external source or from the serdes. The selection of the clock source can be done by setting registers in the VME FPGA which runs all the time from the reference clock. The most likely option will be to use the external clock which will received a copy of the 50MHz clock that comes from the Virtex 5 FPGA.
The camera will operate in two different modes (IDLE(??), CAPTURE). In IDLE mode the clock are going to be reading out information and dumping it as fast as possible. In CAPTURE mode the data will be read, processed and sent to the main board.

Figure 19 - Timing diagram for IDLE mode.
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Figure 20 - Timing diagram for CAPTURE mode.

3.4. Digitizer registers

The system memory map is described as follow,

	Module
	Address

	Digitizer (slot zero)
	000h to 3FFh

	Digitizer (slot One)
	400h to 7FFh

	Virtex 5 
	800h to FFFh


Every register transfer happens it will be done using 3 DWORDS. The 16 bits are defined as shown below. The second and third word are used only used on write transfers on read they are necessary as fillers.
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	AE
	RNW
	TBD
	TBD
	Register address

	DATA MSB

	DATA LSB


AE – Address enable, this bit is set every time a address read/write register is enabled. Since every time a write is done on the USB we will be able to execute 5 reads or writes per transfer.

RNW – If set is a read register command otherwise it is a write.

TBD – To be defined.

Register 0 to 15 (0h to Fh) are reserved for the VME FPGA and register 17 to 1023 (10h to 3FFh) are reserved for the main FPGA. Since strobe, RNW and ACK are set individually for each slot the memory map is the same for the digitizers and decoding of the information will be set for module 0 or module 1 is done in the V5 FPGA.
3.4.1. Flash memory for main FPGA configuration

The Main FPGA configuration data is stored in a 128Mbit Intel Flash memory IC that can be accessed over the VME bus.  The data bus on the device is 16 bits wide, so the VME FPGA translates the D32 access to the proper byte locations automatically.  The Flash memory has 128 128k Bytes blocks and supports 32 Bytes of block transfer programming in an internal write buffer.  Because the Flash commands require single access 16 bit writes, the commands occupy a different address map range than the data locations.  The Main FPGA configuration data starts at address 0x0, or block 0 of the flash.

The flash access is performed using a Host-Port-Interface type of architecture that is controlled using 4 registers in the VME Interface FPGA.  The Flash Address Register is used to store the memory location that is required for each specific operation.  If the Flash is accessed using the Flash Data Register with Address Auto-Increment, then the address held in the value of the flash address will be incremented by 4 at the end of each cycle.  Data access through the standard Flash Data Register leaves the address value static.  Command access through the Flash Command Register writes 16 bit commands to the address location in the address register.

At power up, the flash is in “Read Array” mode, but after and Erase or Program command, a “Read Array” command must be sent to reset the internal state machine.  The “Read Array” command is a write of data 0xFFh to the Flash Command Register in the VME FPGA.  A Flash memory reset will also put the device back in “Read Array” mode.

To perform a block-erase operation, a Block Erase command sequence must be issued at the desired block address.  The Block Erase command sequence requires two cycles, and is shown in the table below:

Flash memory

	Command
	VME Address
	VME Data

	Write – Sector Address
	0x03D0
	Base Address of sector to erase

	Write - Setup Block Erase
	0x03D3
	0x0020h

	Write – Confirm Block Erase
	0x03D3
	0x00D0h

	Read - Status Signal
	0x03C1
	Bit(7)


If Bit(7) = 0, then Block Erase is complete

Buffered programming operations simultaneous program multiple words into the flash memory array, significantly reducing effective word-write times. User-data is first written to a write buffer, and then programmed into the flash memory array in buffer-size increments. Optimal performance and power consumption is realized only by aligning the start address on 32-word boundaries. Crossing a 32-word boundary during a buffered programming operation can cause programming time to double.  

To perform a buffered programming operation, first issue the Buffered Program setup command at the desired starting address.  Status Register Polling SR7 determines write-buffer availability (0 = not available, 1 = available).  If the write buffer is not available, re-issue the setup command and check SR7; repeat until SR7 = 1.  The Status Signal output can also be checked to indicate if the Flash is busy or ready.  Next, issue the word count at the desired starting address.  The word count represents the total number of words to be written into the write buffer, minus one.  This value can range from 0x01h (2 bytes) to a maximum of 0x1Fh (32 bytes).  If the part is configured in 16 bit mode, the maximum value is 0xFh.  Following the word count, the write buffer is filled with user-data.  User-data is programmed into the flash array at the address issued when filling the write buffer.  After all user-data is written into the write buffer, issue the confirm command. If a command other than the confirm command is issued to the device, a command sequence error occurs and the operation aborts.  After issuing the confirm command, write-buffer contents are programmed into the flash memory array. The Status Signal indicates a busy status (Bit7 = 1) during array programming.

Issuing another setup command, and repeating the buffered programming bus-cycle sequence can initiate additional buffered programming operations. However, any errors in the Status Register must first be cleared before another buffered programming operation can be initiated.  (See Ref [4] for more specification details).

	Command
	Address
	Data

	Write – Program start address
	0x03D0
	Start address

	Write - Setup Write Buffer
	0x03D3
	0x00E8h

	Read - Status Signal
	0x03C1
	Bit(7)

	Write – Word Count
	0x03D3
	0x0001h to 0x000Fh

	Write – Load Buffer
	0x03D1
	Array Data

	Write – Confirm Write
	0x03D3
	0x00D0h

	Read - Status Signal
	0x03C1
	Bit (7)


If Bit(7) = 0, then Buffer Write is complete
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Figure 21: Flash Write to Buffer Flow Chart
3.4.2. Main FPGA registers

	Description
	Address
	Access
	Width

	Board ID
	0x00 
	R
	32

	Value is the board identification number and firmware version of the VME FPGA and Main FPGA. 
	Bit Value

	
	1
	0

	  Bits[ 7: 0]: Board Id
	Value

	  Bits[15: 8]: TBD
	Value

	  Bits[31:16]: FPGA FIRMWARE VERSION
	


	Description
	Address
	Access
	Width

	Hardware status
	0x01 
	R
	32

	Status of the main FPGA.
	Bit Value

	
	1
	0

	  Bits[0]: System DCM 0 locked
	
	

	  Bits[1]: System DCM 1 locked
	
	

	  Bits[2]: VME    DCM locked
	
	

	  Bits[3]: DAC ready
	
	

	  Bits[4]: DataNConfig signal read back
	
	

	  Bits[31: 5]: TBD
	

	
	


	Description
	Address
	Access
	Width

	Control register 0
	0x02 
	R
	32

	Controls main FPGA firmware.
	Bit Value

	
	1
	0

	  Bits[ 3: 0]: Test output mux
	
	

	  Bits[ 7: 4]: Aux IO output mux
	
	

	  Bits[ 8]: Reset DCMs
	Reset
	Normal

	  Bits[ 9]: Reset DCMs
	Reset
	Normal

	  Bits[10]: Reset DCMs
	Reset
	Normal

	  Bits[11]: Reset FIFO
	Reset
	Normal

	  Bits[12]: Reset ADC fake data counters
	Reset
	Normal

	  Bits[13]: Start DAC download process on falling edge of this bit.
	
	

	  Bits[14]: Software (temporary) DataNConfig
	
	

	  Bits[15]: SingleFrameEn_i
	
	

	  Bits[16]: ContFrameEn_i
	
	

	  Bits[17]: Software generated sync enable
	
	

	  Bits[18]: Hardware generated sync enable
	
	

	  Bits[20:19]: L0,C0 source selection(“00”fake, “01”APS, “10,11”front bus)
	
	

	  Bits[23: 21]: TBD
	
	

	  Bits[27: 24]: FIFO rd clock mux
	

	  Bits[28]: Status counters reset
	

	  Bits[31: 29]: TBD
	


	Mux selection
	Test output

	0x00
	All zeros.

	0x01
	Board 1

	0x02
	Board 2

	0x03
	All ones

	0x04
	Debug test 00 (Counter up)

	0x05
	Debug test 01

	0x06
	Debug test 02

	0x07
	Debug test 03


	Mux selection
	Aux_IO output

	0x00
	AUX_DOUT0sig(1)  <= driver_signals(8); -- APS clock

AUX_DOUT0sig(2)  <= C0_i;

AUX_DOUT0sig(3)  <= L0_i;

AUX_DOUT0sig(4)  <= FIFO_WEN_Nsig;

AUX_DOUT0sig(5)  <= FIFO_rst_i;

AUX_DOUT0sig(6)  <= FIFO_data_i(0);

AUX_DOUT0sig(7)  <= MainClk25_0;

AUX_DOUT0sig(8)  <= FB_CCLK;

AUX_DOUT0sig(9)  <= DataNConfig_i;

AUX_DOUT0sig(10) <= FIFO_EF_N(0);--

	0x01
	AUX_DOUT1sig(10 downto 1) <= driver_signals(9 downto 0);

	0x02
	AUX_DOUT2sig(8 downto 1) <= image_controller_debug_sig;

AUX_DOUT2sig(9) <= SoftSync;

AUX_DOUT2sig(10) <= Sync_i;

	0x03
	AUX_DOUT3sig(2 downto 0)
<= FIFO_data_i(2 downto 0);

AUX_DOUT3sig(3) <= FIFO_data_i(31);

AUX_DOUT3sig(4) <= FIFO_EF_N(0);

AUX_DOUT3sig(5) <= FIFO_WEN_Nsig;

AUX_DOUT3sig(6) <= FIFO_REN_Nsig;

AUX_DOUT3sig(7) <= driver_signals(8); -- APS clock

AUX_DOUT3sig(8) <= C0_i;

AUX_DOUT3sig(9) <= L0_i;

AUX_DOUT3sig(10)<= Sync_i;

	0x04
	TBD.

	0x05
	TBD.

	0x06
	TBD.

	0x07
	TBD.




If not mentioned above AUX_DOUT0sig(0)  <= MainClk100_0; -- output 100MHz clock to the aux io signals

	Description
	Address
	Access
	Width

	Control register 1
	0x03 
	R
	32

	Each bit is self cleared and executes a different task.
	Bit Value

	
	1
	0

	  Bits[ 0]: Software sync pulse.
	

	  Bits[ 1]: TBD
	

	
	


	Description
	Address
	Access
	Width

	ADC register
	0x04 
	R
	32

	Defines the source of the data that comes from the ADC module. Default set to 3 (channel ID).
	Bit Value

	
	1
	0

	  Bits[ 3: 0]: DATA mux
	
	

	  Bits[31: 4]: TBD
	

	
	


	Mux selection
	Data

	0x00
	Real data

	0x01
	Count up

	0x02
	Count down

	0x03
	Channel ID

	0x04
	TBD

	0x05
	TBD

	0x06
	TBD

	0x07
	TBD


	Description
	Address
	Access
	Width

	DAC register 1 and 0
	0x05 
	R
	32

	Defines the data that will be downloaded to DAC 1 and 0.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 1 DATA – PosRail CMOs 3.3V
	
	

	  Bits[15:12]: DAC 1 control* 
	

	  Bits[27:16]: DAC 2 DATA BiasPinBias 100uA to GND
	

	  Bits[31:28]: DAC 2 control*
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	DAC register 3 and 2
	0x06 
	R
	32

	Defines the data that will be downloaded to DAC 3 and 2.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 3 DATA – VDDR 2.3V
	
	

	  Bits[15:12]: DAC 3 control* 
	

	  Bits[27:16]: DAC 4 DATA – GRD 0V
	

	  Bits[31:28]: DAC 4 control*
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	DAC register 5 and 4
	0x07
	R
	32

	Defines the data that will be downloaded to DAC 5 and 4.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 5 DATA – Vsub 0V
	
	

	  Bits[15:12]: DAC 5 control* 
	

	  Bits[27:16]: DAC 6 DATA – PosRail Analog 3.3V
	

	  Bits[31:28]: DAC 6 control*
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	DAC register 7 and 6
	0x08 
	R
	32

	Defines the data that will be downloaded to DAC 7 and 6.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 7 DATA – R1a (0.0mA until ADC code is ready)
	
	

	  Bits[15:12]: DAC 7 control* 
	

	  Bits[27:16]: DAC 8 DATA – Dac Ref 1.6V
	

	  Bits[31:28]: DAC 8 control*
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	DAC register 9 and 8
	0x09 
	R
	32

	Defines the data that will be downloaded to DAC 9 and 8.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 9 DATA – Bian3SRE 300uA to GND
	
	

	  Bits[15:12]: DAC 9 control* 
	

	  Bits[27:16]: DAC 10 DATA – Biasn3Buf 300uA to GND
	

	  Bits[31:28]: DAC 10 control*
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	DAC register 11 and 10
	0x0A 
	R
	32

	Defines the data that will be downloaded to DAC 11 and 10.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 11 DATA – BiasPreDrv 100uA to GND
	
	

	  Bits[15:12]: DAC 11 control* 
	

	  Bits[27:16]: DAC 12 DATA – BiasP 500uA to GND
	

	  Bits[31:28]: DAC 12 control*
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	DAC register nc and 12
	0x0B 
	R
	32

	Defines the data that will be downloaded to DAC 12.
	Bit Value

	
	1
	0

	  Bits[11: 0]: DAC 13 DATA – BianNin 20uA to Vdd
	
	

	  Bits[15:12]: DAC 13 control* 
	

	  Bits[27:16]: TBD
	

	  Bits[31:28]: TBD
	


* control should be always set to 0x1 to update the analog output. For other values refer to DAC7811 datasheet.  

	Description
	Address
	Access
	Width

	Image Controller Register
	0x0C
	R
	32

	Defines the image size
	Bit Value

	
	1
	0

	  Bits[15: 0]: NumberofRowsPerFrame (16 lines default)
	
	

	  Bits[23:16]: NumberOfColumnsPerADC (16 columns default)
	

	  Bits[27:24]: latchdata_delay (Number of clock cycles to wait after aps

               Clock to latch the data from the ADC) (2 clocks default)
	

	  Bits   [28]: Column write order 
	0 right to left

1 left to right

	  Bits[31:29]: TBD
	


	Description
	Address
	Access
	Width

	TEAM 1k driver register 01
	0x0D
	R
	32

	Defines the image size
	Bit Value

	
	1
	0

	  Bits[ 2: 0]: Chip_par_in (SelQ_Sgn)
	
	

	  Bits    [3]: digreset logic
	true
	Inv.

	  Bits    [4]: aps clock 1 logic
	true
	Inv.

	  Bits    [5]: aps clock 2 logic
	true
	Inv.

	  Bits    [6]: aps Rollb
	
	

	  Bits    [7]: apsGLORST
	
	

	  Bits[15: 3]: Chip_par_in (TBD)
	
	

	  Bits   [16]: trg_In
	

	  Bits   [17]: SEKIll (slew rate enhancer kill)woks on bit 16
	

	  Bits[23:18]: TBD
	

	  Bits[31:24]: aps clock delay
	


	Description
	Address
	Access
	Width

	TEAM 1k driver register 02
	0x0E
	R
	32

	Parameter need to read the image correctly
	Bit Value

	
	1
	0

	  Bits[ 7: 0]: QWRAP delay
	
	

	  Bits[15: 8]: Pre-burner delay
	
	

	  Bits[31:16]: TDB
	


	Description
	Address
	Access
	Width

	Main FPGA firmware data
	0x0F
	R
	32

	
	Bit Value

	
	1
	0

	  Bits[31: 0]: TBD
	Value


	Description
	Address
	Access
	Width

	Main FPGA firmware data
	0x10
	R
	32

	
	Bit Value

	
	1
	0

	  Bits[15:  0]: FIFO WR signal counter
	Value

	  Bits[31: 16]: Sync signal counter
	


	Description
	Address
	Access
	Width

	Main FPGA firmware data
	0x11
	R
	32

	
	Bit Value

	
	1
	0

	  Bits[31: 0]: TBD
	Value


	Description
	Address
	Access
	Width

	Main FPGA firmware data
	0x12
	R
	32

	
	Bit Value

	
	1
	0

	  Bits[31: 0]: TBD
	Value


	Description
	Address
	Access
	Width

	Main FPGA firmware data
	0x13
	R
	32

	
	Bit Value

	
	1
	0

	  Bits[31: 0]: TBD
	Value


A write to this register when the Donwload Main FPGA firmware is set programs the main FPGA flash memory. A read of this register when the Read Main FPGA firmware is set reads the main FPGA flash memory.

3.4.3. VME FPGA Registers

	Description
	Address
	Access
	Width

	Digitizer main FPGA version
	0x3C0 
	R
	32

	Value is the board identification number and firmware version of the VME FPGA and Main FPGA. 
	Bit Value

	
	1
	0

	  Bits[ 7: 0]: Board Id??
	Value

	  Bits[15: 8]: 
	Value

	  Bits[24:16]: MAIN FPGA FIRMWARE VERSION
	Value

	  Bits[24:16]: TBD
	


	Description
	Address
	Access
	Width

	DIGITIZER MAIN FPGA Configuration Status Register
	BASE_ADDRESS + 0x03C1
	R
	32

	Status of the MAIN FPGA Configuration
	Bit Value

	
	1
	0

	  Bit 0: MAIN FPGA DONE Bit Status
	DONE
	CNFG

	  Bit 1: MAIN FPGA INIT_N Bit Status
	ERASE
	OK

	  Bit 2: MAIN FPGA PROG_N Bit Status
	CNFG
	OK

	  Bit 3: MAIN FPGA HALT Configuration Status
	HALT
	OK

	  Bit 4: MAIN FPGA RESET Status
	RESET
	OK

	  Bit 5: MAIN FPGA Configuration Enable Status
	Config
	OK

	  Bit 6: MAIN FPGA Configuration Done Status
	Done
	OK

	  Bit 7: Flash Memory Status
	Busy
	Ready

	  Bit 8: Main FPGA DMM LACK
	ACK
	IDLE

	  Bit 9: VME FPGA DCM PS Done
	Done
	

	  Bit 10: VME FPGA DCM Locked
	Lock
	Unlock

	  Bits[31:11]: TBD 
	
	


	Description
	Address
	Access
	Width

	Control register 0
	0x3C2 
	RW
	32

	fpga_ctrl_b_reg_i
	Bit Value

	
	1
	0

	  Bits[0]: System clock selection
	Ext/Ref
	SD 

	  Bits[1]: System clock selection
	Ext
	Ref

	  Bits[2]: Reset main fpga
	

	  Bits[3]: Software triggered exposure.
	

	  Bits[4]: Set Flash in prog/ERASE mode
	Prog/erase
	Read

only

	  Bits[31: 4]: TBD.
	

	
	


Reset signal pulses the APS reset signal for one clock cycle.

Software triggers exposure takes one image with the exposure time defined in the proper register and send data out.

	Description
	Address
	Access
	Width

	DIGITIZER MAIN FPGA Configuration Control Register
	BASE_ADDRESS + 0x03C3
	RW
	32

	All bits in the Register are Self-Clearing, unless noted otherwise.
	Bit Value

	
	1
	0

	  Bit 0: Configure Main Digitizer FPGA

If this bit is set, the Main Digitizer FPGA will be erased and programmed with a Configuration Bit Stream that is stored in the on board flash memory
	Configure

Main FPGA
	Idle

	  Bit 1: Configure Main Digitizer FPGA

If this bit is set, the Main Digitizer FPGA will be erased and programmed with a Configuration Bit Stream that is stored in the on board flash memory
	Configure

Diags FPGA
	Idle

	  Bit 2: TBD
	
	

	  Bit 3: TBD
	
	

	  Bit 4: Reset Main Digitizer FPGA

If this bit is set, a reset pulse is sent to the Main Digitizer FPGA
	Reset
	Idle

	  Bit 5: Reset Flash Memory 

If this bit is set, a reset pulse is sent the Flash Memory
	Reset
	Idle

	  Bit 6: TBD
	
	

	  Bit 7: TBD
	
	

	  Bit 8: Configuration Override 

If this bit is set, the FPGA will not send configuration data to the Main FPGA when a configuration command is issued
	Override
	Idle

	  Bits[31:6]: TBD
	
	


When the rolling shutter bit is set the camera is sending images all the time, if the bit is not set then the system will take one image after a sync signal. The sync signal can be generated by software of by external hardware through an auxiliary IO input.
Flash memory

	Command
	VME Address
	VME Data

	Write – Sector Address
	0x03D0
	Base Address of sector to erase

	Write - Setup Block Erase
	0x03D3
	0x0020h

	Write – Confirm Block Erase
	0x03D3
	0x00D0h

	Read - Status Signal
	0x03C1
	Bit(7)


If Bit(7) = 0, then Block Erase is complete

	Command
	Address
	Data

	Write – Program start address
	0x03D0
	Start address

	Write - Setup Write Buffer
	0x03D3
	0x00E8h

	Read - Status Signal
	0x03C1
	Bit(7)

	Write – Word Count
	0x03D3
	0x0001h to 0x000Fh

	Write – Load Buffer
	0x03D1
	Array Data

	Write – Confirm Write
	0x03D3
	0x00D0h

	Read - Status Signal
	0x03C1
	Bit (7)


If Bit(7) = 0, then Buffer Write is complete

3.4.4. Virtex 5 FPGA registers

	Description
	Address
	Access
	Width

	Number of columns and rows for fake image
	0x800 
	R
	32

	Module version
	Bit Value

	
	1
	0

	  Bits[31: 0]: Module Version.
	


	Description
	Address
	Access
	Width

	V5 Control register 0
	0x801
	R/W
	32

	Each bit is self cleared and executes a different task.
	Bit Value

	
	1
	0

	  Bits[ 0]: Sync
	

	  Bits[ 1]: 
	

	
	



Sync: Sends a sync pulse to read one frame from the APS or Fake data.
	Description
	Address
	Access
	Width

	V5 Control register 1
	0x802 
	R/W
	32

	Each bit defines a static configuration of the APS
	Bit Value

	
	1
	0

	  Bits[ 0]: DataNConfig
	Rolling
	Single

	  Bits[ 4: 1]: Fake data type 
	

	  Bits[ 5]: Fake data Enable 400fps continuous
	

	  Bits[ 6]: One frame per sync signal
	

	  Bits[ 7]: Aps clock sync cmd (enable only when DataNConfig is set)
	

	  Bits[ 8]: TBD cmd (enable only when DataNConfig is set)
	

	  Bits[ 9]: TBD cmd (enable only when DataNConfig is set)
	

	  Bits[10]: TBD cmd (enable only when DataNConfig is set)
	

	  Bits[11]: TBD cmd (enable only when DataNConfig is set)
	

	  Bits[31:28]: Debug signal selection.
	


DataNConfig: Defines if the V5 is configured to receive data every clock cycle or if it is not receiving data and allow the system to read/write registers on the digitizers.

Debug signal selection: Selects which data will be sent to the debug output pins on the V5 board.

	Description
	Address
	Access
	Width

	Number of columns and rows for fake image
	0x0803 
	R/W
	32

	Number of columns and rows that will be read out. Includes over scan.
	Bit Value

	
	1
	0

	  Bits[15: 0]: Rows
	Value

	  Bits[31:16]: Columns
	


	Description
	Address
	Access
	Width

	Internal control of miscellaneous things
	0x0803 
	R/W
	32

	See each bit for description
	Bit Value

	
	1
	0

	  Bits[ 3: 0]: mux for the 16 MSB of data from dig 1
	Value

	  Bits[31: 4]: TBD
	


	Mux selection
	Data

	0x0
	Normal operation

	0x1
	Debug data 15 : 0

	0x2
	Debug data 31 : 16

	0x3
	TBD

	0x4
	TBD

	0x5
	TBD

	0x6
	TBD

	0x7
	TBD


3.5. Operating the camera

3.5.1. Register sequence for 1 frame readout

In order to receive a single frame from the digitizers into the V5 board it is necessary to follow these steps:

1. Set clock to be the internal (default)
a. 87c2 <= 2
b. 87c2 <= 3

2. Set digitizer to send clocks to the sensor and to update the DAC values. We assume that the values for the DAC we set before this sequence.
a. 8002 <= 0A|8031h

b. 8402 <= 12|8002h

c. 8402 <= 12|A002h

d. 8402 <= 12|8002h

3. Select real data from the digitizers

a. 8004 <= 0h

b. 8404 <= 0h

4. Set the image size (64 columns per output and 1024 rows, full frame for example)

a. 800c <=140|0400h
b. 840c <=140|0400h

5. Set APS clock speed

a. 800d <=0h

b. 840d <=0h

6. Set image size on V4

a. 8803 <= 0400|0400 (for 1024x1024)

7. Set DataNConfig 

a. 8802 <= 0045 for digitizer data
b. 8802 <= 0041 for v5 fake data

8. Send sync pulses

a. 8801 <= 1

The register 801 self clears so you’ll only need to write ones to this register. After every time a one is write a data package with one frame is readout.
On the user interface the system needs to be set as shown in Figure 22. Where 

· Data source is set to Gretina

· Trigger mode set to chip synch

· Detector is set to TEAM 4 ch

· Dummy columns set to 4096 for 1024 columns

· Dummy rows set to 1024 for 1024 rows

· Clock speed set to 3.12 MHz (this is the transfer clock from digitizer to the v5 and v5 to the USB, the chip clock is set on the digitizer as shown in the previous section.)
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Figure 22 - Cool Demo user interface

3.5.2. Setting up the detector: Bias currents
Analog part

J1-35: Bias-n3SRE: 300 uA to GND

J1-36: Bias-n3SBuf: 300 uA to GND

J1-37: Bias-PreDrv: 100 uA to GND

J1-38: BiasPin: 500 uA to GND

J1-39: BiasNin: 20 uA to VDD

Digital part

J2-36: BiasPin BIAS: 100 uA to GND

This last one is the LVDS bias and, despite the name, should not be confused with the analog BiasP....

3.5.3. Leakage current measurement

In order to change the clock frequency for the sensor one has to set aps clock delay on both digitizer (0x800D and 0x840D) with the proper values. When set to zero the clock period is 40ns. 

{5, 0, 0, 0x8802, 0, 0, 0x800D, 0, 0x13, 0x840d, 0, 0x3, 0x8802, 0, 0x45, 0},// Button #4

{5, 0, 0, 0x8802, 0, 0, 0x800D, 0xb00, 0x13, 0x840d, 0xb00, 0x3, 0x8802, 0, 0x45, 0},// Button #5

	Setting
	Frequency(MHZ)
	Frames per second
	Exposure time (ms)

	0
	25 (40ns)
	400
	2.5

	1
	20 (50ns)
	
	

	2
	14.3 (70ns)
	
	

	3
	12.5 (80ns)
	200
	5.0

	B
	6.25 (160ns)
	100
	10.0

	1b
	3.125 (320ns)
	50
	20.0

	3b
	1.56 (640ns)
	25
	40.0
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Figure 23 - Dark image at 25MHz(left); Dark image at 6.25Mhz(right).

4. Anex 1 – Samtec edge mount socket.

[image: image27.emf]
To do list

Download firmware through USB

Send C0,QWRAP through the back plane

Latch signal only works on one setting, what needs to be done to make it programmable?

Set the ADC clocks phase to get the maximum settling time

Test the 2 new AlN boards
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