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Introduction:

Some of the main functions of Atlas SCT link are to provide the bunch crossing 40 MHz clock, the L1 trigger and all fast and slow commands from the RODs to the SCT modules. Bi-Phase mark encoding is used to send both clock and data for control commands through a single optical fibre link. One fibre provides all the TTC data for one SCT module. BPM12 chip will be used for encoding the clock and data. It will also provide the drive current for the VCSEL diodes to generate optical output signals for the fibre link.

BPM12 chip description:

The chip has twelve identical channels. BPM12 receives PECL level 40 MHz clock and CMOS level digital data. 

Each channel has also four control registers. Their functions are as follows:

1. Masking the data for the channel.

2. Changing the Mark and Space ratio of the output.

3. Delay the output data in small steps.

4. Delay the output data in steps of a clock cycle.

Above registers can be accessed by using address and data busses. These are Parallel buses.  The data bus is seven bits wide and is bi-directional. Address bus is uni-directional (i.e. input only) and six bits wide.

After bi-phase encoding, the signal passes though the above mentioned function blocks. Output is then fed to an output driver suitable for driving VCSELs. Driving current for the VCSEL can be controlled through an external DC bias voltage to the driver.  The chip is suitable for driving common cathode VCSEL diode arrays.

Supply voltage for the chip is + 5V.

Test Rig:

A test board has been designed for testing various functions of the BPM12 chip. The device under test (DUT) is connected to the test board via a ZIF socket. The test board is connected to an interface card that generates the data and addresses for the control registers and the bias voltage for the VCSEL driver. A pulse generator is used for the clock. A pattern generator is used for the input data. A 27-ohm resistor is used to terminate the output from the chip (to simulate VCSEL). It is also connected to a digital oscilloscope through an RF multiplexer for data acquisition. RF multiplexer is used to select one out of twelve BPM channels for measurement at one time. Digital multimeter is used to measure the bias voltage. Test system is controlled from a PC running Labview. All the test instruments are on a GPIB and controlled through Labview.

Test procedure:

1. Power check:

1. Apply 5V to the chip. 

2. Measure current draw with clock running. 

3. Check if it is within limits. If it is out of limit chip is not working. 

4. Log results.

Then for each channel:

2. Check output of the channel:

1.   Reset the chip.

2. Set 2V bias voltage (for reasonable output current).

3. Apply 1 MHz pulse from the pattern generator to the BPM12 data inputs. (Pulse is used to see both the output frequencies in the output signal.)

4. Measure output frequencies. 

4. Log result. 

              If the output frequency is higher than 45 MHz. Channel is not working at all. 

3. Encoding check:

1. Check if 20MHz and 40 MHz both frequencies are present in the output.

2. Log results.

4. Amplitude Check:

1. Measure amplitude of the output signal. 

2. Check if it is within the acceptable range.

3. Log results. 

If tests 2,3, and 4 are within limits then start detailed tests for each channel of the chip.

1. Mask:

1. Write address and data to the control register of the channel.

2. Measure output frequencies.

3. Log results. 

4. Check for acceptance.

2. Mark to space:

1. Write address of the MS register and write data as zero.

2. Measure Mark and Space for both 40 MHz and 20 MHz parts of the output signal.

3. Continue step 1 with an increment of data and complete step 2. Until register data becomes 32.

4. Log results. 

5. Find for crossover point of Mark and Space. 

6. Check if it is within limits.

3. Fine delay:

1. Write address of Fine register of the channel and data with zero.

2. Measure delay of first rising edge of the output signal.

3. Continue step 1 with an increment of data and complete step 2. Until register data becomes 128

4. Log Results. 

5. Find maximum delay. 

6. Check if it is within limits.

4. Coarse delay:
1. Write address for control register of the channel and register data with zero.

2. Measure delay of first rising edge of 20 MHZ signal in the output.

3. Continue step 1 with an increment of data and complete step 2. Until register data becomes 32.

4. Log results. Find maximum delay. Check if it is within limits.

5. Rise and fall times and amplitude (for driver output current) with bias voltage:
1. Set maximum acceptable bias 2.8V (This should give ~16mA).

2. Measure Rise and fall times of 40MHz and 20 MHz parts of the output signal.

3. Measure amplitude and calculate output current.

4. Reduce Bias by 0.2 V and repeat steps 2 and 3.

5. Repeat steps 2,3 and 4 until bias is 1.2 V. 

6. Log results. 

7. Check Rise and fall times and currents are within limits.

6. M/S Correction:


It has been observed that M/S ratio changes with the fine delay setting. Therefore if Fine delay is set other than zero. Then MS register value is also to be set for correct M/S ratio. This test is to find out correct MS register value for each fine delay setting.

1. Write address of fine delay register and data as zero.

2. Write address of MS register and data as zero.

3. Measure M/S ratio.

4. Check if M/S ratio is 50:50. 

5. If M/S ratio is not 50:50 then increment MS register data by 1.

6. Repeat steps 3,4 and 5. Until M/S ratio is 50:50.

7. Log result.

8. Repeat step 1 with increment data by 1.

9. Repeat step 2,3,4,5,6,7.

10.  Continue repeating 1-9 until fine delay register data becomes 128.

Acceptance Criteria.

	Parameters
	Lower Limit
	Expected
	Upper Limit
	Fail Code

	Chip power current*
	100 mA
	140 mA
	170 mA
	0001

	Data high
	39.5MHz
	40MHz
	40.4MHz
	0002

	Data low
	19.8 MHz
	20MHz
	20.2 MHz
	0003

	Amplitude (bias @ 2V)
	180 mV
	200mV
	220mV
	0004

	M/S ratio (20 MHz)
	49%
	50%
	51%
	0005

	M/S crossover point
	7
	15
	22
	0006

	Fine delay (max)**
	30 ns
	35 ns
	50 ns
	0007

	Coarse delay (max)
	770 ns
	775 ns
	780 ns
	0008

	Rise time
	0.5 ns
	1.0 ns
	1.5 ns
	0009

	Fall time
	0.8 ns
	1.0 ns
	1.2 ns
	0010


* This is total current for the whole Test board and includes BPM12 with clock running and other IC s on the board.

**Range to be adjusted after looking at production chip.

Data to be stored in the database:

1. Current (DC current drawn by the chip).

2. Output amplitude at 2V bias.

3. Output frequency at data high.

4. Output frequency at data low.

5. MS register value at ~50% M/S ratio.

6. Maximum fine delay.

7. Maximum coarse delay.

8. Rise time (20 MHz).

9. Fall time (20 MHz).

10.
Slope of linear fit for MS register optimum value versus fine delay.

