SPEAR 3 Booster Injection / Extraction Timing

Injection will take place on the “White Circuit” injection gate and 2.24MHz Booster revolution frequency.  The linac will always inject into bucket 0 of the booster.  The injection energy window is ( 2.5 (S, much larger than the 446.3nS injection timing.

After a minimum of 21.6mS of beam damping during the store, the phase will rotate (frequency shift) until bucket 0 is aligned with the desired SPEAR bucket.  The phase rotation will be done at 476.3MHz, before the generation of the booster frequency.  The (11.3kHz shift in booster frequency, 358MHz, will be done by shifting the 476.3MHz by (15.04kHz.  An integral number of 476.3MHz buckets will be shifted for up to (186 buckets or 12.4mS.  The buckets are properly aligned for injection into SPEAR at 320kHz increments.

Extraction will take place at the extraction gate and the 320kHz RF Sync.

Frequency Generator Design Parameters

Dual Channel

Jan 23, 2003
The two channel frequency generator will be used to select buckets in SPEAR 3.  It will drive an I&Q modulator to shift the phase of the booster up to (186 cycles at 476.3MHz.  

Each cycle is a 12bit circular buffer of length 1024.  The two circular buffers are sine and cosine data with separate adjustments in offset, phase (buffer start point), and amplitude.

STATE GENERATOR 
Start sequence on trigger.

Read and latch a 9 bit parallel bucket select number.

Delay 34mS – Shift time.

Cycle through 0 to (186 cycles (Selected Bucket).

Delay 34mS – Shift time.

Reverse direction and cycle back through 0 to (186 cycles.

Noise Levels

0.1% amplitude variations = 12bit resolution.

0.1degree at 15.04kHz modulation = 10bit circular buffer at 15.4MHz.


1MHz LPF

Counter

Clock = 15.4MHz x 4 = 61.6MHz

Max Count = x4(2bit) + Cycle Shift(10bit) + 0 to 186 Bucket Shift(8bit)



+ Cycle timer and Direction(2bit) = 24bit counter

 Interface 

8 Bit Bucket shift amount 0 to 186


1 Bit Shift Direction


1 Bit TEST – CW frequency shift


1 Bit /RESET

1 Bit TRIGGER IN
OUTPUT
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Spear 3 Bucket Select Sine Generator
Actual Unit Built

R. Akre  October 6, 2003
Booster injection trigger to Booster extraction is 35.7mS

DATA_STB and TRIG Functions


The DATA_STB and TRIG are two independent functions.  DATA_STB clocks bucket number data into the input registers on the rising edge.  Data setup time is 50nS and data hold time is 10nS.  The TRIG function, rising edge, clocks the bucket number data from the input register to a secondary register to use during the timing cycle.  Collisions from both DATA_STB and TRIG are not prevented and if the signals are totally random would be expected to occur less than, possibly by an order of magnitude, 1 in 6.4 million DATA_STBs.  The result would be a single bunch ending up in an unknown bucket.
On a trigger (rising edge), Injection Trigger
FDC Q goes high


Data from the input register is clocked into a second register.


The 8 bit count is inverted (255-count) and input to one side 


of a comparator.  Bits 12 to 19 of the state generator go into 


the other side of the comparator.

If TEST is low then CLR on the counters is released, goes high.

The DIR_SHIFT bit is latched and XORed with Q21.  The outputs of the counters used for memory addressing, Q2 to Q12, are connected to one input of an XOR gate.  The second input of the 11 XOR gates are connected together and used to change the direction of the count. 

The counters start to count

The memory clock is initially disabled.
After 17mS (1/2 cycle) Q20 goes high and releases the clear on the memory clock D type flip flop. 

Once the comparator reaches the preset count the memory clock is enabled and the memory and DAC output sine and cosine waveforms.
At the end of Q20 cycle the memory clock is again disabled for  17mS.

The count direction is then changed on the second half cycle of Q21.
After the 17mS half cycle of Q20, the clear on the memory clock flip-flop is released.

Once again the comparator reaches its preset count and the memory clock is enabled.

The memory starts clocking with the address bits counting in the opposite direction.

At the end of the Q20 cycle the memory clock is disabled.

At the end of the Q21 cycle, ½ cycle of Q22, the Terminal count clears all the counters and the system awaits another trigger. 

June 2005 Modifications

The oscillator clock was replaced with a 44.736MHz Oscillator.  The CPLD code was redone to allow the timing shift to occur in the first and last quadrant based on the 4 cycles of Q19.

State Machine Counter
	Bit
	Time
	Frequency
	

	Q22
	136mS
	7.4
	Reset Counters / ½ cycle

	Q21
	68mS
	14.7
	Change direction / ½ cycle

	Q20
	34mS
	29.4
	Disable Mem Clk / ½ cycle

	Q19
	17mS
	58.8
	Bucket Cnt 7

	18
	8.5mS
	118
	Bucket Cnt 6

	17
	4.25mS
	235
	Bucket Cnt 5

	16
	2.13mS
	471
	Bucket Cnt 4

	15
	1.06mS
	941
	Bucket Cnt 3

	Q14
	531uS
	1.88k
	Bucket Cnt 2

	13
	266uS
	3.76k
	Bucket Cnt 1

	12
	133uS
	7.53k
	Bucket Cnt 0 / MEM Add 10

	11
	66.4uS
	15.1k
	MEM Add 9 - CYCLE TIME

	10
	33.2uS
	30.1k
	MEM Add 8

	9
	16.6uS
	60.2k
	MEM Add 7

	8
	8.3uS
	120k
	MEM Add 6

	7
	4.15uS
	241k
	MEM Add 5

	6
	2.08uS
	482k
	MEM Add 4

	5
	1.04uS
	964k
	MEM Add 3

	4
	519nS
	1.93M
	MEM Add 2

	3
	259nS
	3.86M
	MEM Add 1

	2
	130nS
	7.71M
	MEM Add 0

	1
	64.8nS
	15.4M
	Memory / DAC Clock

	0
	32.4nS
	30.8M
	DAC Clock

	-1
	16.2nS
	61.7M
	System Clock




Bits 0 & 1 are used to derive memory and DAC clocks.



Bits 2 to 12 are used for the memory address – 11 bits



Bits 12 to 19 are used to count cycles up to 255 with 8 bit 




comparator.



Bit 20 is used to change direction for the cycle counting



Bit 21 is used to terminate the memory clock.

SINE GENERATOR PCB P3 

D-Connector Signals
REMOTE CONTROL
Pin
Discription

1
data_stb
Data Strobe to clock in 9 bit number control
2
Bit 0

Bit 0 of 9 bit bucket number control
3
Bit 1

Bit 1 of 9 bit bucket number control 
4
Bit 2

Bit 2 of 9 bit bucket number control
5
Bit 3

Bit 3 of 9 bit bucket number control
6
Bit 4

Bit 4 of 9 bit bucket number control
7
Bit 5

Bit 5 of 9 bit bucket number control
8
Bit 6

Bit 6 of 9 bit bucket number control
9
Bit 7

Bit 7 of 9 bit bucket number control
10
Dir_Shift
Direction of bucket shift, bit 9, control
11
Spare
NC

12
Chng_Dir
Local Change direction setting monitor
13
Test

Local Test switch monitor
14
Ground
15
Ground
16
Ground
17
Ground
18
Ground
19
Ground
20
Ground
21
Ground
22
Ground
23
Ground
24
Ground
25
Ground
SINE GENERATOR PCB P2 

D-Connector Signals

Front Panel Monitor/Control
Pin
Discription

1
data_stb
Data Strobe to clock in 9 bit number monitor

2
Bit 0

Bit 0 of 9 bit bucket number monitor

3
Bit 1

Bit 1 of 9 bit bucket number monitor

4
Bit 2

Bit 2 of 9 bit bucket number monitor

5
Bit 3

Bit 3 of 9 bit bucket number monitor

6
Bit 4

Bit 4 of 9 bit bucket number monitor

7
Bit 5

Bit 5 of 9 bit bucket number monitor

8
Bit 6

Bit 6 of 9 bit bucket number monitor

9
Bit 7

Bit 7 of 9 bit bucket number monitor

10
Dir_Shift
Direction of bucket shift, bit 9, monitor

11
Chng_Dir
Local Change direction control input
12
Test 

Local Test switch control input
13
Trig_Out
Trigger present output monitor
14
Ground

15
Ground

16
Ground

17
Ground

18
Ground

19
Ground

20
Ground

21
Ground

22
Ground

23
Ground

24
Ground

25
Ground

SINE GENERATOR PCB P1 

D-Connector Signals

JTAG PROGRAM INTERFACE
Pin
Discription

1
NC
2
TDI
Data in
3
TCK Clock
4
TMS
5
NC
6
NC
7
NC
8
pullup and 68ohm to 11 & 12
9
NC
10
NC
11
12 68ohm to 8
12
11 68ohm to 8
13
TDO Data out
14
NC
15
NC
16
NC
17
NC
18
Ground
19
Ground
20
Ground
21
Ground
22
Ground
23
Ground
24
Ground
25
Ground
CHASSIS REAR PANEL SIGNALS
MALE CONNECTOR ON CHASSIS

25pin D-Connector
PIN 
Functions

1 
DATA CLK (rising edge)*
2 
Bit0

3 
Bit1

4 
Bit2

5 
Bit3

6 
Bit4

7  
Bit5

8  
Bit6

9  
Bit7

10  
Bit8

11  
NC

12  
Direction Monitor TTL out
13  
Test Monitor TTL out
14
Ground

15
Ground

16
Ground

17
Ground

18
Ground

19
Ground

20
Ground

21
Ground

22
Ground

23
Ground

24
Ground

25
Ground

*Data setup time to CLK 50nS
 Data hold time from CLK 10nS

Bit0 to Bit8 are pulled to +%VDC with 2.2k ohms each
DISPLAY PROM
Control Card Input to Bucket Number Translation
0 to 254 => 1 to 255


Bucket Num = Input +1

255, 511 => 0


Bucket Num = 0 for Input = 255,511

256 to 510 => 371 to 117 

Bucket Num = 627 – Input

Decimal to 7 Segment Display

Common Anode - Low is on.

	
	dp
	e
	f
	a
	b
	g
	e
	d
	##

	0
	1
	0
	0
	0
	0
	1
	0
	0
	84h

	1
	1
	1
	1
	1
	0
	1
	0
	1
	F5h

	2
	1
	0
	1
	0
	0
	0
	1
	0
	A2h

	3
	1
	1
	1
	0
	0
	0
	0
	0
	E0h

	4
	1
	1
	0
	1
	0
	0
	0
	1
	D1h

	5
	1
	1
	0
	0
	1
	0
	0
	0
	C8h

	6
	1
	0
	0
	0
	1
	0
	0
	0
	88h

	7
	1
	1
	1
	0
	0
	1
	0
	1
	E5h

	8
	1
	0
	0
	0
	0
	0
	0
	0
	80h

	9
	1
	1
	0
	0
	0
	0
	0
	1
	C1h


Decimal to inverted 7 segment display.
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State Generator Timing - not updated to reflect June 2005 modification
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Does not show June 2007 Modification - See diagram at end of document.
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NET "clock" TNM_NET = "clock";


TIMESPEC "TS_clock" = PERIOD "clock" 16.2 ns HIGH 50 %;


NET "data_stb" TNM_NET = "data_stb";


TIMESPEC "TS_data_stb" = PERIOD "data_stb" 100 ms HIGH 1 us;


NET "trig" TNM_NET = "trig";


TIMESPEC "TS_trig" = PERIOD "trig" "TS_data_stb" * 1 PHASE + 1 ms;


NET "chng_dir" LOC = "P8";


NET "clock" LOC = "p2";


NET "data<0>" LOC = "p41";


NET "data<1>" LOC = "p40";


NET "data<2>" LOC = "p39";


NET "data<3>" LOC = "p37";


NET "data<4>" LOC = "p36";


NET "data<5>" LOC = "p34";


NET "data<6>" LOC = "p33";


NET "data<7>" LOC = "p31";


NET "data_stb" LOC = "p43";


NET "dir_shift" LOC = "p4";


NET "test" LOC = "p6";


NET "trig" LOC = "p12";


NET "cntr_10" LOC = "p28";


NET "cntr_11" LOC = "p29";


NET "cntr_1" LOC = "p17";


NET "cntr_2" LOC = "p18";


NET "cntr_3" LOC = "p19";


NET "cntr_4" LOC = "p20";


NET "cntr_5" LOC = "p21";


NET "cntr_6" LOC = "p24";


NET "cntr_7" LOC = "p25";


NET "cntr_8" LOC = "p26";


NET "cntr_9" LOC = "p27";


NET "mem_clk" LOC = "p16";


NET "dac_clk" LOC = "p14";


NET "trig_out" LOC = "p5";


CY7C245A


Address Valid to Clock High = 15nS


Clock High to Valid Output = 10nS


DAC902


Data Setup to Clock High = 1.0nS


Clock High Data Hold = 1.5nS


165MSPS data rate


R48


50 - 1210


There was a grounding problem and


the silk screen reverses for a resistor 


and cap on the DACs layout
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