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1.0
INTRODUCTION

1.1
Purpose

The PSCB is a general-purpose, embedded, interlock supervisory, calibration, diagnostic, waveform capture, timing, and set-point control board.
1.2
Application Examples

· Provide the functions described above to a single kicker pulser. Provide adjustable timing delay control of the kicker. 
· Several PSCBs, installed in an injection system consisting of several sequenced kicker pulsers, can provide the functions described above. In addition, the PSCB can adjust the timing delay from pulser to pulser.
· Provide set-point control for a current-regulated, switch-mode DC magnet power supply. Acquire inverter component switching waveforms from this same power supply.
· Provide remotely programmed and precisely timed, delayed and shaped gate trigger pulses for a solid-state RF Modulator.
2.0
Statement Of Work

2.1
Work Scope

This Specification outlines the form, fit and performance requirements for Power Supply/Modulator Control Boards defined by the SLAC Power Conversion Department. The Pohang Accelerator Laboratory (PAL) shall design, build, document, and test a prototype. PAL shall fabricate two pre-production PSCBs to and deliver one to SLAC.
2.2
Schedule Milestones
The work shall be accomplished in accordance with the below plan.
· Conduct conceptual design review





June 3, 2005
· Conduct final design review and outline test strategy


July 30, 2005
· Resolve and/or incorporate SLAC review commentary


August 31, 2005
· Build prototype, test and submit documentation to SLAC


November 30, 2005
· Build two pre-production units, test, document and send one to SLAC
January 31, 2006
3.0
PHYSICAL SIZE AND INPUT POWER
3.1
Physical Size
As a goal, the maximum allowable board dimensions are 3 inches wide X 6 inches long X 2 inches high.  In general, “smaller is better.” In support of the design goal, SLAC suggests loading components on both sides of the PSCB.
3.2
Input Power
The PSCB shall accept external +48VDC input for onboard conversion to power all components. The onboard converter(s) shall provide ≥ 1kV input to output isolation.
4.0
Control INPUTS
4.1
Serial Communication Link
4.1.1
This bi-directional Ethernet connection communicates the; Remote Gate Trigger, DAC input for set-point control, digital representations of the waveforms acquired by the Slow and Fast ADCs, interlock summary and other information to and from a remote computer.
4.1.2
SLAC envisions an asynchronous link. A possible operating cycle might look like:
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4.2
Remote Gate Trigger Command
The PSCB shall accept a common Remote Gate Trigger Command from an external serial communication link.

4.3
Remote Gate Trigger Synchronization Signal

The Remote Gate Trigger Synchronization Signal frequency is variable from 1Hz to 150Hz, has a pulse width that is programmable from a nominal 1 s to 2 ms and has a leading edge rise time of 10ns. Fiber optic transmits this signal.
4.4
Slow Analog
The PSCB shall accept eight (8), external, slow analog diagnostic signals. Amplitudes will be 10V maximum with a frequency range from DC to 1 kHz. Slow Analog input impedance shall be
≥ 1kΩ.
4.5
Fast Analog
The PSCB shall accept eight (8), external, fast analog diagnostic or calibration signals. Amplitudes will be ± 1V maximum with a frequency range from 0.1MHz to 20MHz. Fast Analog input impedance shall be 50Ω, nominal.
4.6
External Interlocks
The PSCB shall be capable of receiving sixteen (16) two-state, TTL-level interlock signals with positive (+) true logic.
4.7
Tandem Interlock In
The PSCB shall accept a Tandem Interlock In TTL-level interlock signals with positive (+) true logic. A PSCB shall inhibit its Local Gate Trigger should the Tandem Interlock In from another PSCB signal a failure.
5.0
CONTROL OUTPUTS

5.1
Local Gate Trigger
The PSCB shall output a modified version of the Remote Gate Trigger. The Local Gate Trigger shall have programmable adjustment for width and delay (referenced from the leading edge of the Remote Gate Trigger Synchronization Signal). Both width and delay shall have 0(s to 10(s adjustment in 10nS steps, or a selectable 0(s to 2ms in 2(s steps.
5.1.1
Performance requirements for the Local Gate Trigger are:

· Adjustment range


0 to 10(S, 10nS step size OR
· Adjustment range


0 to 2ms, 2(S step size

· Register size:



10 bits
· Pulse-to-pulse jitter


≤  5ns
5.2
Tandem Interlock Out
The PSCB shall send a two-state, Tandem Interlock Out signal that communicates its overall functional status (i.e. ok or failure) to its paired PSCB.
5.3
Analog Set-Point DAC
The 16-bit Analog Set-Point DAC shall provide a -10V to +10V analog voltage derived from digital information from the Serial Data Link.
6.0
SPECIAL FUNCTIONS
6.1
Remote Gate Trigger Synchronization
All (if more than one) PSCBs shall simultaneously accept a common Remote Gate Trigger Synchronization signal
6.2
Local Gate Trigger Monitor

The PSCB shall monitor its Local Gate Trigger.  The PSCB shall have the capability of immediately inhibiting the Local Gate Trigger, even in the middle of a Local Gate Trigger pulse, by truncating that pulse to less than the nominal 10uS width. If that occurs, any or all PSCBs shall simultaneously respond by inhibiting its or their Local Gate Trigger(s). The PLC can also command a normal cessation of an PSCB Local Gate Trigger or all PSCB Local Gate Triggers before the next Remote Gate Trigger Command.
6.3
Relay Control and Monitoring
An external Programmable Logic Controller (PLC), or similar device, can command the PSCB to operate an external relay. The PSCB shall override the PLC and to open the relay whenever the PSCB has inhibited its Local Gate Triggers. The PLC, or similar device can also set any of the six (6) other Interlock Outputs three of which are TTL level and three of which are relay outputs capable of sourcing 24V at 5mA. The PSCB shall monitor the state of these outputs.
6.4
Serial Communications

The functions listed above require the PSCB to communicate with the external PLC through a bi-directional Ethernet serial communications link.
6.4.1
Serial I/O Link Command Set
There will be a serial communications link between the PSCB and an external control system. The commands carried by this link are:
· Initialize trigger, start trigger, stop trigger, reset
· Read waveform level data from RAM
· Write values to Configuration Registers
· Read values from Diagnostics Registers

· Set Relay open or closed

· Read component IDs
· Write DAC Set Point value

6.5
Oscillator Latch

The PSCB shall have a free-running oscillator to latch the Local Gate Trigger.

6.6
Tandem Pair Capability

The PSCB shall have tandem pair capability. The PSCB shall send a two-state, Tandem Interlock OUT signal that communicates its overall functional status (i.e. ok or failure) to its paired PSCB. The PSCB shall receive this signal via a Tandem Interlock Input port. A PSCB shall inhibit its Local Gate Trigger should the Tandem Interlock from its paired PSCB signal a failure. Any other non-tandem PSCBs shall be unaffected.
7.0
ADCs

7.1
Fast ADCs

The PSCB shall have eight (8) Fast ADCs to record fast diagnostic signal waveforms. Each Remote Gate Trigger Synchronization Signal pulse shall time-synchronize waveform samples into all eight channels. The ADCs shall hold the last (8) samples of each waveform whenever any event causes the PSCB to inhibit Local Gate Triggers. Subsequently an external PLC will download this data. The PLC will also routinely download the stored waveforms during normal trigger operation.
7.1.1
Performance requirements for each Fast ADC:

· Input signal range 



-1V to +1V into 50Ω
· Input sample length



10(s OR

· Input sample length



2ms
· Sample rate




20Msps OR

· Sample rate




1Msps
· Trigger





Remote Gate Trigger Synchronization Signal
· Output resolution



≥  8 bits
· Output store




Last 8 samples after a Class 2 event.

7.1.2
Examples of sampled signals

· IGBT collector voltage

· IGBT gate voltage

· IGBT emitter current

· Local Gate Trigger
7.2
Slow ADCs

The PSCB shall have one, 8-input analog MUX, and one Slow ADC to record slow-changing signal levels. Each Remote Gate Trigger Synchronization signal pulse shall cause the MUX to one-step cycle through its inputs. Any event that inhibits Local Gate Triggers shall hold the last sample of each waveform in memory. The PLC will download this data after the failure event. During normal trigger operation, the PLC periodically downloads the stored waveforms.

7.2.1
Performance requirements for each Slow ADC:

· Multiplex the eight (8) inputs
· The multiplexer input shall toggle on each Remote Gate Trigger Synchronization signal leading edge
· Input signal range


0 to +10V, into 1kΩ
· Sample rate



≤  10ksps
· Output resolution


8 bit

· Input sample length


Single sample

· Store last sample after class 2 failure event
7.2.2
Examples of sampled signals
· HVPS output level
· +200V supply output level
· PSCB isolated low-voltage supply levels
· IGBT Gate Driver Board isolated +15V supply level

· IGBT temperature, 

· Diode array temperature

· Heat sink temperature

· Charger transformer temperature

· Ambient air temperature

8.0
DACs

8.1
Analog Set Point DAC

Provide eight (8) Analog Set Point DACs. Each Analog Set Point DAC shall provide a -10V to +10V analog voltage derived from digital information in the Remote Gate Trigger.

9.0
REGISTERS

9.1
Analog Set Point DAC Register
· Adjustment range


-10V to +10V

· Register size



16 bits for 0.0015% accuracy and 1 sign bit
· Memory type



Volatile

· External PLC



Reads and writes to this register

· PSCB




Reads this register

9.2
Configuration Registers

The PSCB Configuration Registers allow an external PLC to set configuration data and to set local interlock severity. The PLC sets the Configuration Registers prior to power supply or modulator operation. The Configuration Registers shall be capable of change during operation. The PSCB shall read the Configuration Registers prior to power supply or modulator operation and shall monitor for changes during operation.
9.2.1
Local Gate Trigger pulse delay from leading edge of Remote Gate Trigger Synchronization signal
· Register size



10 bits

· Adjustment range


0µs to 10 µs OR

· Adjustment range


0ms to 2ms

· Memory type



Non-volatile

· External PLC



Reads and writes to this register

· PSCB




Reads this register

9.2.2
Local Gate Trigger pulse width from leading edge of Remote Gate Trigger Synchronization signal:

· Register size



10 bits

· Adjustment range


0µs to 10 µs OR

· Adjustment range


0ms to 2ms

· Memory type



Volatile

· External PLC



Reads and writes to this register

· PSCB




Reads this register

9.3
Diagnostics Registers
The PSCB shall continually update Diagnostics Registers during operation. The Diagnostic Registers will be periodically (frequency?) polled (and cleared, if necessary) by an external PLC during modulator operation. This allows the PLC to interrogate the PSCB operational status and to monitor the PSCB for “warnings” or “failures”. The PSCB shall monitor the PLC register-polling operations. Each time the PLC reads the Diagnostics Registers, the PSCB will update its own PLC Heartbeat Register. If the PSCB senses that the PLC Heartbeat Register has not been for some time-period (?), the PSCB shall inhibit local triggering.
· Memory type



Volatile

9.4
Identification Registers

The PSCB shall have two Identification Registers. Each Identification Register shall store an eight (8) alphanumeric character word. An example of a stored word is the PSCB serial number.
· Store




An 8 character word

· Memory type



Non-volatile
9.5
Interlock Registers

· Store




External Interlock Class information

· Register size



16 bits, each External Interlock is assigned one bit

· Memory type



Non-volatile

· External PLC



Reads and writes to this register

· PSCB




Reads this register

9.6
PLC Registers
9.6.1
The PSCB shall respond to PLC Initialize, Start; Stop, Reset and Relay commands.
9.6.2
A PLC Heartbeat Diagnostic Register shall monitor an external PLC. The external PLC will periodically poll the PSCB Diagnostics Registers via the Serial Communication Link. The PSCB shall monitor and update the PLC Heartbeat Diagnostic Register when polling occurs. If not updated for the specified period, the PSCB shall assume a system failure and shall inhibit local triggering.

9.6.3
Performance requirements for the PLC Heartbeat Diagnostic Registers
· Status




OK; Failure

· Register size



1 bit
· Memory type



Volatile
· External PLC



Writes-to this register

· PSCB




Reads this register.

10.0
INTERLOCKs
10.1
Internal Interlock Control

The PSCB shall apply appropriate internal interlocks to inhibit the Local Gate Trigger under fault or abnormal conditions.
10.2
External Interlocks

The PSCB shall accept sixteen (16), two-state external interlocks. The interlocks are asynchronous in that they do not depend upon a clock or any other timing mechanism. The PSCB Diagnostics Registers shall latch the interlock states. The PSCB shall monitor these registers to determine when failures have occurred and shall appropriately respond to these failures.
10.2.1
Performance requirements for the External Interlocks
· Register size



16 bits
· Status




OK or failure

· External PLC



Reads from this register

· PSCB




Writes to this register
10.2.2
The PSCB shall assign a one (1) bit functional Class to each External Interlock. The Class setting for each shall be stored in the PSCB Configuration Registers. The PSCB shall allow the PLC to change the interlock class at any time during operation.
· A Class 1 Interlock change of state is a warning. A latched PSCB Diagnostics Register shall record the state change. The PLC will clear the register.
· A Class 2 Interlock change of state is a failure. A latched PSCB Diagnostics Register shall record the state change and inhibit Local Gate Triggers. The PLC will clear the Diagnostic Registers; command a PSCB reset and a restart of the Local Gate Triggers.
10.2.3
The PSCB shall respond to and latch any Class 2 failure within 5ns.

10.2.4
Candidate External Interlocks
· Gate trigger status


Class 2
· di / dt (IGBT emitter inductor)
Class 2
· Overcurrent / PS status



Class 1
· IGBT gate voltage


Class 1
· IGBT collector voltage

Class 1
10.3
Tandem Control Interlock
The PSCB shall accept a two-state external Tandem Control Interlock. If any Class 2 external interlock signals a failure, the PSCB shall inhibit Local Gate Triggers. The Tandem Control Interlock Out shall signal this failure. The other, tandem PSCB shall then also inhibit Local Gate Triggers. The PSCB Diagnostics Register shall latch the state of the Tandem Control Interlock. The PSCB shall monitor the Diagnostics Register, as the PLC will not poll this register. An initialization procedure will prevent the pair of PSCBs from locking out each other during initialization and reset.
10.3.1
Performance requirements for the Tandem Control Interlock
· Status




OK or failure
· Register size



1 bit

· PSCB




Reads this register
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