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1. Block Overview

This block is a Wishbone slave on the Address card that receives commands from the Command_FSM block on the Address card and generates data for the 41 parallel DACs on the address card. It also handles the resync/out-of-sync commands to handle synchronization with the SYNC pulse. 

1.1 Block Location and Block Interface Within System

This block is on Address card FPGA and it interfaces to the following blocks:

· Wishbone master (Command_FSM)

· 41 AD9744 parallel 14-bit DACs

1.2 Block Functionality / Features

NOTE: This block was originally implemented for parameter ID’s not extended to 32b. It has to be modified to work with all parameters extended to 32b.

This block handles the following commands issued by the Command_FSM or Wishbone master on the Address card:

· ON_BIAS_ADDR

read/write a 14b ON-current bias value to each of the DACs. 41 values(32b) are included in the command as parameters.

· OFF_BIAS_ADDR


read/write a 14b OFF-current bias value to each of the DACs

· ROW_MAP_ADDR

read/write the channel to row address mapping with consecutive bytes                 

· STRT_MUX_ADDR

to read/write whether the mux is enabled or disabled       :

· ROW_ORDER_ADDR

read/write row addressing order

· ACTV_ROW_ADDR

if read, returns which row is currently on

if written, sets the active row. The active row number is a byte long.

· CYC_OO_SYC_ADDR

send the number of cycles out of sync to the master (cmd_fsm) 

· RESYNC_ADDR

resync with the next sync pulse

All the On/Off values, as well as row order and mux status are stored in the FPGA 4K block memory. This block sets the bias values on 41 DACs by following the frame timing described in frame_timing_pack.vhd. The timing is such that in a given frame this block has to cycle through all the DACs and turn them on one at a time by following the timing described in frame_timing_pack.vhd. An attempt is made to make the number-of-rows a parameter, with default set to 41, in ac_dac_ctrl_pack.vhd, so if there are less than 41 rows in the system, we just change the parameter and recompile the firmware.

1.3  Block Dataflow



















Note 1: Read from memory takes 2 clock cycles

Note 2: Memory is clocked on the negative edge of clk_i
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2. Block Interfaces

2.1 Interface Signal Description

Table 1: Interface Signals

	Signal
	Description
	Direction

	dac_data_o

	An array of 11, 14b data lines driving the AD9744 DACs. (data lines for the 41 DACs are multiplexed in groups of 4).
	Out

	dac_clk_o 
	An array of NUM_of_ROWS elements to drive the clock lines for AD9744 DACs.
	Out

	Clk_i
	WB
	In

	Rst_i
	WB
	In

	Dat_i
	WB
	In

	Addr_i
	WB
	In

	Tga_I
	WB – not used
	In

	We_i
	WB
	In

	Stb_I
	WB
	In

	Cyc_I
	WB
	In

	Dat_o
	WB
	Out

	Rty_o
	WB – not used
	Out

	Ack_o
	WB
	Out

	Sync_I
	WB
	In


2.2 Interface Protocol and Timing

The Wishbone interface is used to communicate with the Wishbone master, which issues the commands. The Wishbone protocol is documented in wbspec_b3.pdf.

The DAC interface is used to load 14-bit values to NUM_OF_ROWS DACs. Refer to frame_timing_pack.vhd to see the timing for each row selection.

3. High-Level Description

3.1 State Machine Description

There are two major state machines. The first state machine documented in 1.3, is the Memory access FSM and the second state machine controls the DACs.

State changes happen on positive edge of the clock while memory access happens on the negative edge. This leaves the clock-high duration for the control signals to settle.

In the row selection FSM, the on value for the current row is read from memory and registered, then the off value for the previous row is read and also stored in a register. The next step is to wait for the right timing (by looking at the Sync pulse) to load the DACs with the right values and clock the DACs to take in the new values. Note that only 2 DACs need to be clocked: the ‘on-value’ for the current DAC(row) and the ‘off-value’ for the previous DAC(row).  

The row order that all the rows are scanned in, is hard coded in ac_dac_pack.vhd. So every time we change the row order, we need to recompile.

3.2 Special Optimizations

4. Files of the Block

4.1 Source Code

4.1.1 dac_ctrl_ac.vhd

4.1.2 dac_ctrl_ac_pack.vhd

4.2 Header Code

4.2.1 Header1.vhd

5. Naming Conventions Used

Resync cmd





Cmds:


  OnBias


  OffBias


  EnableMUX


  RowSelection


RowActive





rst_sync = 1


ack = 1





WR_NXT





WR_ACK





WR_MEM





WR





Resync





IDLE





cyc=1 &


stb=1





Cyc=0





m_we = 0


ack = 1





ack = 0


row_cntr_clk = 1





Start_mux = 1 


(for EnableMux cmd)


m_we = 1


row_cntr_clk = 1





we=1





Start_mux = 0 


(for EnableMux cmd)








ack = 0


row_cntr_clk = 1





ack = 1





cyc=1 &


stb = 1





cyc=0





Cmds:


  OnBias


  OffBias


  EnableMUX


  RowSelection


RowActive





RD_NXT





RD_MEM2





RD_MEM1








RD





we=0





cyc=0





OO_Sync





OutofSync_cmd





ack = 1





ack = 0


row_cntr_rst=1





Rst








clk








Row Counter





row_cntr_rst





row_cntr_clk





row_cntr_rst





 


ON Values





OFF Values





Row Order





MUX on/off





0x00








0x29











0x51





0x67





Memory Map





RD_ACK





row_cntr_clk = 1





stb=0 &


cyc=1





stb=0 &


cyc=1
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