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SECTION I

INTRODUCTION

1.0 INTRODUCTION TO POWER SUPPLY CONTROLLERS

1.1
OVERVIEW
This manual covers four pieces of equipment:


- Two VMEbus compatible modules



VMEPSI – Power Supply Interface



VMEPSC – Power Supply Controller


- Two standalone chassis



MODEL 522 - Power Supply Interface Unit, 1U Rack mount chassis




MODEL 520 - Power Supply Controller Unit, 1U Rack mount chassis

This equipment provides the functions necessary to control remote power supplies from a central VME-based computer.  A closed loop control system is implemented as:

a) Setpoint data is transmitted from the VME CPU to the Power Supply Interface (PSI) that converts this to an analog signal, which in turn controls the power supply current.

b) Command data in the form of individual bits are also transmitted to the supply.

c) The feedback path consists of both digital and analog signals from the power supply, which are digitized and transmitted from the PSI to the VME CPU via the Power Supply Controller (PSC).

1.1.1
Essential Features of this Interface System

1.1.1.1
Simpler Interface to Power Supply Vendors

This equipment provides the customer with a “standard” interface to power supply vendors by providing the control and readback interface as a uniform electrical and mechanical interface.  

· No isolation circuitry required—The fiber optic interface provides a complete isolation of the controlling VME crate’s CPU and the power supply.

· No need to provide external power—The power for the PSI chassis is provided with a self-sensing 47 to 63 Hz power supply, which will operate at 90 to 260 VAC.  The power supply senses incoming AC power and adjusts automatically, therefore a separate power supply to supply operating voltages is not required.

1.1.1.2
Self-Contained Control System
In addition to the VME bus module form of the Power Supply Controller, Model 520, it can be packaged in a stand-alone chassis so that testing of the supplies can conveniently be done at the  power supply vendor’s facility, using a laptop rather than a VME computer.  This results in:

· No compatibility surprises—All control interface electrical, mechanical and wiring 
can be tested and verified by the laptop controls.

· On-site installation is nearly zero—Installing pre-tested power supplies is reduced to 
plugging in the fiber cables from the VME crate-based PSC’s.

· Software incompatibilities are minimized—By establishing a common interface 
standard for various power supplies, costly software updates are minimized by reusing 
developed code.

1.1.1.3
Timed Readbacks

The response time of the PSC/PSI combination is less than 81 microseconds to readback the measurements.  In hardware triggered mode, if all modules get the same trigger, then all the data in all the PSI’s  are sampled at the same time within a few microseconds.  Building up tables of trend information is therefore possible and the effects of power line disturbances or power supply “soft” malfunctions can be detected.  This would include both periodic (such as ripple) and a- periodic (“glitches”) malfunctions or variations.

1.1.1.4
Timed Setpoints
In a similar manner, the changing of setpoints can be made on a regular, predictable, timed sequence and thus up to the ability of the VME bus CPU to source data, “ waveforms” up to 
10 kHz can be applied to the power supplies.

1.1.2 Wider Use of this Control Interface System

1.1.2.1
Extending this Control System to Other Accelerators
The proposed configurations of PSC and PSI modules will support its extended use.  The fiber optic link is based on an industrial standard that is cost-effective to both implement and maintain.  The VME module is based on an open architecture system and should be easy to extend in the future.  The main logic elements are implemented in Xilinx Field Programmable Gate Arrays which are programmed on each application of power from mini-dip PROMS.  Changing the design or functions of the FPGAs is another way of extending the usefulness and life cycle of these modules.

1.2
SYSTEM CONFIGURATION

A single VME-PSC provides 6 fiber links to control up to 6 PSIs.  Multiple VME-PSCs can reside in a VME crate to control more PSI's by setting the VME bus address jumpers differently on each VME-PSC.
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The connection between the PSC and each PSI is a pair of multimode fiber optic cables.  This cable type was chosen as the best price and performance combination for a data link within the parameters of this application and is quite close to copper transmission costs.

· Data transmission speed up to 5 Mb/s

· Up to 500 meter distance

· Wide dynamic range receiver (allows operation with ZERO link distance up to maximum)

Isolation of all power supplies from each other and the control rack is provided by the use of fiber cables with the inherent benefits of Fiber Optic communication (no cross talk, EMC, no EMI, no ground loops). 

The initiation of and output from the PSC over the fiber to the PSI’s come from several possible sources:

1) VME commands

2) RS-232 commands

3) Event timing signals (Read and Write pulses)

4) Burst mode (automatically performs multiple writes/reads once started)

These are described in detail in the following sections.  The events that occur depend on the type of message sent, but will generally be:
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outputs
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command & setpoint








If Reading Status/ADC, return their current 
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for CRC errors

If recording, place data in memory

1.3
POWER SUPPLY CONTROLLER

The Power Supply Controller (VME-PSC) is a VME module measuring 1HP wide, 6U high, and 169mm deep.  On the module’s front panel, the following connections are made:

1) 2 Event Link decoder Inputs, 1 for Write, 1 for Read only (LEMO-type connectors, 5v logic)

2) 6 Fiber connectors 1 Send, 1 Receive pair per channel

3) Remote control, RS-232 interface (9 pin “D” type connector)

On the module’s backplane end, the 96 pin DIN connectors will only interface to the VME bus for control, memory access and power.

Figure 1 presents the Overall Block Diagram for the PSC.
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1.3.1
Data Transfer and Interrupt Control Block

This is an FPGA that provides 16 bit data path control function for data transfers between the VME bus and the Internal Data Bus (IDB) of the PSC module. 

1.3.1.1
Serial Control Block

This is another FPGA that provides a remote control data path to the PSC module using a serial RS-232 link.  A fixed-rate (38,400 baud, 8 BIT, N, 1) serial link is implemented using the 8 data bits as a sequence of command/acknowledge and readback transfers.  A laptop computer program can therefore provide the same controls and examine the same readback/status information that is available to the VME bus-based SPU, but at a much reduced rate.  This is used primarily in a stand-alone configuration where the PSC module is placed into a chassis to provide power supply evaluation/testing without the need for the full VME system.

1.3.1.2
Channel Control (CHCX1) FPGA Block

For each channel, identical FPGA’s provide the following functions:

1) Accept both commands (from VME or RS-232) and event pulses to initiate communications with the PSI.  This section also includes counters to support the BURST
 mode.

2) Create and transmit appropriate messages per type required.

3) Receive/status/readback message and check for transmission errors.

4) Store the received data into memory.

5) Provide a memory access data path to both VME and RS-232 ports.

6) Provide a Time Stamp counter value during memory write modes, synchronized with other channels.

7) Provide holding registers for Setpoint and Command data.

8) Provide holding registers for last message received from PSI for VME/RS-232 access.

Figure 2 presents the overall block diagram of the CHCX1 FPGA.  Notice that there are two sources within the CHCX1 to initiate a message as shown by the “OR” gate in the middle of the page.  The first is by the VME bus and the second is the RS-232 commands received from the IDB.  This would be used to directly control the power supply by software. The second source is an “AUTOMATIC COMMAND GENERATOR.”
This block has two operation modes, continuous and burst.

In the continuous mode, the event trigger (Write or Read ) or a SW command  will initiate a message transmission.

In the burst mode, the event trigger  or SW command starts a series of data transfers.  The rate and number of transfers is programmable from the VME bus and RS-232 port.  
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1.4
POWER SUPPLY INTERFACE
The Power Supply Interface (PSI) functional block diagram is shown in Figure 3.  This is a VME 

bus-sized module that may either be placed within a VME crate or a stand-alone chassis (Model 522).  In either case, it provides the following basic functions:

1) Timing—Fiber Optic I/O section


This is simply the fiber optic transmitter and receiver elements that provide a TTL serial 
data signal to the PSCX (power supply control) FPGA.  Since the PSI only provides 
operations based on messages received from the PSC, all system timing is therefore 
controlled via this interface.  As detailed later, a precise timing sequence of events is set 
in motion on the reception of the various messages that include updating the setpoint 
value, command values and returning the status and measured analog signals.

2) Setpoint—DAC section


As detailed later, a high-precision Digital to Analog converter provides the Setpoint 
analog signal to the power supplies from the data contained in the serial data transmitted 
over the fiber optic link.  Depending on power supply type, this analog signal may be 
jumper selected to be unipolar (0 to +10V) or bipolar (-10 to +10V).  With the exception 
of calibrating there are no other controls, such as  scaling or data manipulations 
provided by the PSI.

3) Readback—ADC section


As detailed later, four high-precision Analog to Digital converters provide the conversion 
from the input analog signals from the power supply to the Readback data contained in 
the serial data response transmitted over the fiber optic link.  The ADC's are setup for 
only bipolar (-10 to +10V) operation.  With the exception of calibrating Gain and 
Offset, 
there are no controls, scaling or data manipulations provided by the PSI.

4) Commands—Digital Port section


15 bits from the Command message are latched in the FPGA and output to TTL buffers 
capable of supplying 0 and +5 volt logic levels.  The onboard jumper changes 0-3 and 8-
11 from pulse or static mode.  The allocation and hi/low true definitions can be assigned 
on a case-by-case basis, defined by the user.  Bit 15 recalibrates the ADCs.

5) Status—Digital Port section


16 digital bits are received from the power supply and are latched in the CHCX1 FPGA when one of the Read commands is received.  These inputs are +5 volt TTL logic compatible.  There are no data manipulations performed on these bits, so the allocation and hi/low true definitions can be assigned on a case-by-case basis, defined by the user.
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1.4.1
Major Features of the Power Supply Interface 

1.4.1.1
Timing 

The PSC provides not only data, but also timing information.  When the data arrives, it converts a new setpoint and scans the read backs.  In doing so, timed setpoints and read backs are implemented.  In addition to power supply data, the PSI also returns information about itself.  The data sent to the D/A is wrapped around digitally.

1.4.1.2
Setpoint
The setpoint provides the analog interface to the power supply.  The analog interface is based on a 16 bit resolution system with 15 bit stability to control supplies that have, at most, a stability requirement of one part in 104.


The setpoint is jumper-selectable to either unipolar or bipolar operation.  The 16-bit number sent 
by the PSC is the full-scale output current of the power supply being controlled.  No scaling will 
be done by the PSI.

1.4.1.3
Readback
Four readbacks are provided to monitor power supply performance.  Readbacks are always bipolar, regardless of how the setpoint has been selected.

· Current Setpoint – The analog voltage from the PSI’s D/A is converted back as a measure of both D/A and A/D.  A voltage of 10V will represent full scale current.

· Measured Current – A voltage representing the current as measured by a shunt or DCCT.  A voltage of 10V will represent full scale current.

· Measured Voltage – A voltage representing the power supply voltage.  It includes both magnet and cable voltage drops. A voltage of 10V will represent full scale voltage.

· Current Error – A voltage representing the current error, amplified within the power supply by a factor of 50.  This helps see small regulation tracking errors, and may be of either polarity, even in a unipolar power supply.  A voltage of 10V represents an error, which is 1/50 of the full scale current.

1.4.1.4
Commands
Fifteen command bits are available.  Many supplies may use as few as three of these.  Others may use five.  Currently, 11 bits are unallocated.  All bits are TRUE high (5V), except the OFF bit, which is TRUE low (0V), to cause the power supply to shut off if the PSI loses power.  Some outputs can be configured as static or pulsed bits (0-3, 8-11 can be selected as static or pulsed).  Bits 4-7 and 12-14 are always static.

The allocated command bits are:

bit 0 
=
ON – Turns the power supply on.

bit 1 
= 
OFF – Turns the power supply off.

bit 2 
= 
STANDBY – turns on control power in the supply, but does not energize 



  the magnet load.  In some supplies, this also resets faults.

bit 3
= 
RESET – Resets faults in supplies that require a separate line.

bit 4    
=   
NEGATIVE POLARITY – Reverses polarity of current in the magnet to 



  what is defined as negative.

bits 5-14  =  
unallocated command bits.

bit 15       =    
performs a recalibration of the ADCs

1.4.1.4
Status

The SWs default status bit definitions are:

Sixteen bits are available.  

bit 1 = ON – Indicates that the power supply is on and delivering power to the magnet load.

bit 2 = OFF – Indicates that control power to the power supply is off, but AC power is 


available.

bit 3 = STANDBY – Indicates that control power to the power supply is on, but no power is 


being sent to the magnet load.

bit 4 = NEGATIVE – Indicates the power supply is in the reverse polarity

bit 5 = FAULT SUMMARY – Indicates that a fault has shut down the power supply 



regardless of which fault it was.

bit 6 = OVERVOLTAGE – indicates that the power supply output voltage has exceeded its 


set limit.

bit 7 = OVERCURRENT – Indicates that the power supply output current has exceeded its 


set limit.

bit 8 = OUT OF REGULATION – Indicates that the current loop error is outside of 



acceptable limits.

bit 9 = FAN FAULT – Indicates loss of air flow

bit 10 = OVERTEMP – Indicates excessive temperature anywhere in the power supply.

bit 11 = WATER FLOW – Indicates loss of water flow.

bit 12 = WATER MAT – Indicates water on the water mat, identifying a leak.

bit 13 = SECURITY INTERLOCK – Indicates the power supply was shut down as a result 


of opening an external interlock contact.

bit 14 = GROUND FAULT – Indicates an unwanted leakage path to ground.

bit 15 = RIPPLE FAULT – Indicates excessive ripple, identifying a misfiring or failed SCR 


in a phase controlled power supply.

bit 16 = PHASE FAULT – Indicates a lost phase or phase reversal.

1.5
MECHANICAL CONFIGURATIONS
1.5.1
PSI Chassis Packaging

Figure 4 illustrates the packaging of the PS1-1 module in a 1u high rack mount chassis.  The PS1-1 module is a VME bus-sized module.  Internally, rugged standoffs complete the mounting of the card. This means the displays and connectors are the same in both the packaged and stand-alone versions of the module.

The Setpoint, Readback, Command and Status connection is made via a rear mounted 37pin “D” type connector.  Also located on the rear panel is the 6-ft AC power cord connector.  
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1.5.2
PSI VME Packaging for Regulators

In the cases where the power supplies are actually located in a VME bus crate, the PSI1 module is configured to be inserted into a standard VME bus backplane.  This configuration is referred to as a PSI1-2 and will contain two 96-pin connectors along the rear of the card.  P1 is used only to supply power to the PSI module.  P2 will have the Setpoint, Readback, Command and Status connections made on the “A” and “C” rows.

The PSI1-2 module front panels will contain the fiber optic connectors and status LEDs.     Figure 5 illustrates the PSI1 panel layout.  The LEDs provided are:


+15V power present


-15V power present


+5V power present


New SETpoint Received (lights for 1/4 second after each transfer)


New CMD data Received (lights for 1/4 second after each transfer)

Fiber Link Status:



TX…
   Transmit message active



RX…
   Incoming Receive message in process



LINK…  Indicates fiber link is present

The TX and RX LEDs will be lighted as the commands are active.  The LINK LED should always on, since IDLE data is transmitted by the PSC module between messages.  If not lit, the fiber is disconnected, or there is a failure on one end of the link.

1.5.3
PSC VME Packaging

Figure 6 illustrates the PSCI front panel layout, which is similar in both the VME crate and stand-alone rack mount chassis versions.  The module front panel contains the fiber optic connectors, the remote control connector and the events trigger connectors.

1.5.4
The PSC in a Powered Mini-VME Crate (Model 520)

While the PSC is typically a VME bus module mounted in the user’s VME crate, there can be instances where control of a power supply using a Laptop computer is desirable.  To accomplish this, the PSC module can be placed in the same chassis design of the PSI, since it also is built to a VME board factor (4 HP panel width, 6U high x 106mm deep).  The PSC module has an RS-232 remote control port that provides a laptop computer with direct access to the Internal Data Bus (IDB) of the PSC and therefore complete (but slower) access to All the PSC’s functions.

The same overall layout of the chassis is preserved as shown previously in Figure 4 with the difference being that there are no rear panel connections other than power.
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SECTION 2

INSTALLATION

2.0
INSTALLATION INSTRUCTIONS
2.1
PRE-INSTALLATION JUMPER SETUP
The PSI is shipped from the factory with the selectable jumpers set for Bipolar mode and Nonpulsed command mode.  Most of the PSI units will have to be set to pulsed mode when in the field.  The test procedure requires the units to be set to nonpulsed mode. If for any reason the jumper configuration is changed or otherwise questionable, verify the proper arrangement by referring to the following tables.

TABLE 1-A

PSI JUMPER INSTALLATION
	JUMPER
	POSTION
	MODE

	J1
	Pins 1 & 2
	UNIPOLAR OUTPUT

	J1 
	Pins 2 & 3
	BIPOLAR OUTPUT


TABLE 1-B

PSI JUMPER INSTALLATION
	JUMPER
	POSTION
	MODE

	JP1
	Pins 17 & 18
	OFF
	Command bits 0-3, 8-11 are pulse and 4-7, 12-14 are static mode

	JP1
	Pins 17 & 18
	ON
	All bits are static

	JP1
	1-16, 19-20t
	TEST ONLY—Should not be populated


TABLE 2

PSC JUMPER INSTALLATION

	JUMPER
	POSITION
	MODE

	JP1
	Pins 19 & 20
	INSTALLED=HW trigger on opposite edges 

UNINSTALLED=both triggered on same edge

	JP1
	Pins 1 & 2 THRU 17 & 18
	TEST ONLY—Should not be populated

	JP2
	Pins ADD 0 THRU ADD  13
	VME CARD ADDRESS  


2.2
CHASSIS INSTALLATION
The chassis mounted versions of the PSI (model 522) and PSC (model 520) units are designed to be installed in a standard 19” instrument rack. Care must be taken to assure that the vent holes on the chassis top are not obstructed.

2.3
POWER REQUIREMENTS
The models 520 and 522 are provided with self-sensing 47 to 63 Hz power supplies, which operate at 90 to 260 VAC.
2.4
PSI CONNECTIONS
The following section describes signal cable connections and cable pinouts of multi-pin connectors for the Model 522 PSI units.
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FIGURE 1  

FRONT PANEL INDICATOR LAMPS AND FIBER OPTIC CONNECTORS (PSI)




FIGURE 2

REAR PANEL CONNECTORS (PSC)
TABLE 3

P-1 PINOUT CONFIGURATION (PSI)

	PIN
	FUNCTION

	1
	CURRENT ERROR ANALOG INPUT

	2
	MEASURED VOLTAGE ANALOG INPUT

	3
	MEASURED CURRENT ANALOG INPUT

	4
	CURRENT SETPOINT ANALOG INPUT

	5
	SETPOINT ANALOG OUTPUT

	6
	INPUT SHIELD

	7
	INPUT RETURN

	8
	SETPOINT SHIELD

	9
	SETPOINT RETURN


TABLE 4

P-2 PINOUT CONFIGURATION (PSI)
	PIN
	FUNCTION

	1
	ON (COMMAND OUTPUT)

	2
	STANDBY (COMMAND OUTPUT)

	3
	NEG. POLARITY

	4
	SPARE COMMAND # 2

	5
	SPARE COMMAND # 4

	6
	SPARE COMMAND # 6

	7
	SPARE COMMAND # 8

	8
	SPARE COMMAND # 10

	9
	SIGNAL GND

	10
	SIGNAL GND

	11
	SIGNAL GND

	12
	OFF (STATUS INPUT)

	13
	NEGATIVE (STATUS INPUT)

	14
	OVERVOLTAGE (STATUS INPUT)

	15
	OUT OF REG. (STATUS INPUT)

	16
	OVER TEMP. (STATUS INPUT)

	17
	WATER MAT (STATUS INPUT)

	18
	GND FAULT (STATUS INPUT)

	19
	PHASE FAULT (STATUS INPUT)

	20
	OFF (COMMAND OUTPUT)

	21
	RESET  (COMMAND OUTPUT)

	22
	SPARE COMMAND # 1

	23
	SPARE COMMAND # 3

	24
	SPARE COMMAND # 5

	25
	SPARE COMMAND # 7

	26
	SPARE COMMAND # 9

	27
	SPARE COMMAND # 1

	28
	SIGNAL GND

	29
	SIGNAL GND

	30
	ON (STATUS INPUT)

	31
	STANDBY (STATUS INPUT)

	32
	FAULT SUMMARY (STATUS INPUT)

	33
	OVER CURRENT  (STATUS INPUT)

	34
	FAN FAULT  (STATUS INPUT)

	35
	WATER FLOW  (STATUS INPUT)

	36
	SECURITY  (STATUS INPUT)

	37
	RIPPLE FAULT (STATUS INPUT)


2.5
PSC CONNECTIONS
The following section describes signal cable connections and cable pinouts of multi-pin connectors for the Model 520 PSC units.




FIGURE 3 

FRONT PANEL FIBER OPTIC CONNECTORS (LEFT SIDE PSC)





FIGURE 4

FRONT PANEL CONNECTORS AND INDICATOR LAMPS (RIGHT SIDE PSC)
TABLE 5 

P1 PINOUT CONFIGURATION (PSC)

	PIN
	FUNCTION

	1
	NOT USED

	2
	TX OUTPUT

	3
	RX OUTPUT

	4
	NOT USED

	5
	GND

	6
	NOT USED

	7
	NOT USED

	8
	NOT USED

	9
	NOT USED


TABLE 6 

W & R PINOUT CONFIGURATION (PSC)

	CONTACT
	FUNCTION

	W CENTER
	SIGNAL INPUT
	WRITE PULSE

	W SHELL
	GND
	

	W CENTER
	SIGNAL INPUT
	READ PULSE

	W SHELL
	GND
	


2.6
VME INSTALLATION
The models VME-PSI and VME-PSC are designed to be installed in a VME bus, and as such connectors P1 and P2 on the PSI are replaced with connectors JDR1 and JDR2 on these units. On the VMEPSC, the pinout configuration of JDR1 and JDR2 complies with ANSI/IEEE Standard 1014-1987, IEC 821 & 297.

TABLE 7 

PSI-VME CONNECTOR CONFIGURATION (PSI JDR1)

	PIN/ROW
	A
	B
	C

	1
	N/C
	N/C
	N/C

	2
	N/C
	N/C
	N/C

	3
	N/C
	N/C
	N/C

	4
	N/C
	N/C
	N/C

	5
	N/C
	N/C
	N/C

	6
	N/C
	N/C
	N/C

	7
	N/C
	N/C
	N/C

	8
	N/C
	N/C
	N/C

	9
	GND
	N/C
	GND

	10
	N/C
	N/C
	N/C

	11
	GND
	N/C
	N/C

	12
	N/C
	N/C
	N/C

	13
	N/C
	N/C
	N/C

	14
	N/C
	N/C
	N/C

	15
	GND
	N/C
	N/C

	16
	N/C
	N/C
	N/C

	17
	N/C
	N/C
	N/C

	18
	N/C
	N/C
	N/C

	19
	GND
	N/C
	N/C

	20
	N/C
	GND
	N/C

	21
	N/C
	N/C
	N/C

	22
	N/C
	N/C
	N/C

	23
	N/C
	GND
	N/C

	24
	N/C
	N/C
	N/C

	25
	N/C
	N/C
	N/C

	26
	N/C
	N/C
	N/C

	27
	N/C
	N/C
	N/C

	28
	N/C
	N/C
	N/C

	29
	N/C
	N/C
	N/C

	30
	N/C
	N/C
	N/C

	31
	N/C
	N/C
	N/C

	32
	VCC
	VCC
	VCC


TABLE 8

PSI-VME CONNECTOR CONFIGURATION (PSI JDR2)

	PIN/ROW
	A
	B
	C

	1
	NEG OUT
	N/C
	POS OUT

	2
	ANALOG GND
	DIG GND
	POS IN – A

	3
	NEG IN
	N/C
	POS IN – B

	4
	ANALOG GND
	N/C
	POS IN – C

	5
	ANALOG GND
	N/C
	POS IN – D

	6
	ANALOG GND
	N/C
	ANALOG GND

	7
	+15V
	N/C
	+15V

	8
	+15V
	N/C
	+15V

	9
	-15V
	N/C
	-15V

	10
	-15V
	N/C
	-15V

	11
	DIG GND
	N/C
	DIG GND

	12
	DIG GND
	DIG GND
	DIG GND

	13
	DIG GND
	VCC
	DIG GND

	14
	OFF (OUT)
	N/C
	OUT ON (OUT)

	15
	RESET (OUT)
	N/C
	STANDBY (OUT)

	16
	OUT SPARE #1
	N/C
	NEG POL (OUT)

	17
	OUT SPARE #3
	N/C
	OUT SPARE #2

	18
	OUT SPARE #5
	N/C
	OUT SPARE #4

	19
	OUT SPARE #7
	N/C
	OUT SPARE #6

	20
	OUT SPARE #9
	N/C
	OUT SPARE #8

	21
	OUT SPARE #11
	N/C
	OUT SPARE #10

	22
	DIG GND
	DIG GND
	DIG GND

	23
	DIG GND
	N/C
	DIG GND

	24
	ON (IN)
	N/C
	DIG GND

	25
	STANDBY (IN)
	N/C
	OFF (IN)

	26
	FAULT SUMARY (IN)
	N/C
	NEGTIVE (IN)

	27
	OVER CURRENT (IN)
	N/C
	OVERVOLTAGE (IN)

	28
	FAN FAULT (IN)
	N/C
	OUT OF REG. (IN)

	29
	WATER FLOW (IN)
	N/C
	OVER TEMP. (IN)

	30
	SECURITY  (IN)
	N/C
	WATER MAT (IN)

	31
	RIPPLE FAULT (IN)
	DIG GND
	GROUND FAULT (IN)

	32
	DIG GND
	VCC
	PHASE FAULT (IN)


TABLE 9

PSC-VME CONNECTOR CONFIGURATION (PSC JDR1)

	PIN/ROW
	A
	B
	C

	1
	D00
	N/C
	D08

	2
	D01
	N/C
	D09

	3
	D02
	N/C
	D10

	4
	D03
	BG0 (IN)
	D11

	5
	D04
	BG0 (OUT)
	D12

	6
	D05
	BG1 (IN)
	D13

	7
	D06
	BG1 (OUT)
	D14

	8
	D07
	BG2 (IN)
	D15

	9
	DIG GND
	BG2 (OUT)
	DIG GND

	10
	N/C
	BG3 (IN)
	N/C

	11
	DIG GND
	BG3 (OUT)
	N/C

	12
	DS1
	N/C
	SYSRST

	13
	DS0
	N/C
	LWORD

	14
	WRITE
	N/C
	AM5

	15
	DIG GND
	N/C
	ADDR23

	16
	DTACK
	AM0
	ADDR22

	17
	DIG GND
	AM1
	ADDR21

	18
	AS
	AM2
	ADDR20

	19
	DIG GND
	AM3
	ADDR19

	20
	N/C
	DIG GND
	ADDR18

	21
	IACK (IN)
	N/C
	ADDR17

	22
	IACK (OUT)
	N/C
	ADDR16

	23
	AM4
	DIG GND
	ADDR15

	24
	ADDR07
	N/C
	ADDR14

	25
	ADDR06
	N/C
	ADDR13

	26
	ADDR05
	N/C
	ADDR12

	27
	ADDR04
	N/C
	ADDR11

	28
	ADDR03
	N/C
	ADDR10

	29
	ADDR02
	N/C
	ADDR09

	30
	ADDR01
	N/C
	ADDR08

	31
	N/C
	N/C
	N/C

	32
	VCC
	VCC
	VCC


TABLE 10

PSC-VME CONNECTOR CONFIGURATION (PSC JDR2)

	PIN/ROW
	A
	B
	C

	1
	N/C
	VCC
	N/C

	2
	N/C
	DIG GND
	N/C

	3
	N/C
	N/C
	N/C

	4
	N/C
	ADDR24
	N/C

	5
	N/C
	ADDR25
	N/C

	6
	N/C
	ADDR26
	N/C

	7
	N/C
	ADDR27
	N/C

	8
	N/C
	ADDR28
	N/C

	9
	N/C
	ADDR29
	N/C

	10
	N/C
	ADDR30
	N/C

	11
	N/C
	ADDR31
	N/C

	12
	N/C
	DIG GND
	N/C

	13
	N/C
	VCC
	N/C

	14
	N/C
	ADDR16
	N/C

	15
	N/C
	ADDR17
	N/C

	16
	N/C
	ADDR18
	N/C

	17
	N/C
	ADDR19
	N/C

	18
	N/C
	ADDR20
	N/C

	19
	N/C
	ADDR21
	N/C

	20
	N/C
	ADDR22
	N/C

	21
	N/C
	ADDR23
	N/C

	22
	N/C
	GND
	N/C

	23
	N/C
	ADDR24
	N/C

	24
	N/C
	ADDR25
	N/C

	25
	N/C
	ADDR26
	N/C

	26
	N/C
	ADDR27
	N/C

	27
	N/C
	ADDR28
	N/C

	28
	N/C
	ADDR29
	N/C

	29
	N/C
	ADDR30
	N/C

	30
	N/C
	ADDR31
	N/C

	31
	N/C
	GND
	N/C

	32
	N/C
	VCC
	N/C


2.7
VME CONNECTIONS

Signal cable connections on the models VME-PSI and VME-PSC use the same configuration as the model 520 and 522 front panel designs. See Figures 1, 3 & 4 for connector layout. 

SECTION 3

OPERATION

3.0
OPERATION

3.1
COMMUNICATION BETWEEN PSI AND PSC

A message from the PSI to the PSC consists of several frames.  Each frame has a start bit, ID, Data, CRC and end bits.  Most of the time, the PSC will be sending an IDLE pattern to the PSI over the fiber optic link to keep the clock recovery function active in the PSI.  The PSI will also be sending the IDLE pattern to the PSC for the same purpose.  A message/response cycle is initiated by the PSC sending a frame of data.

3.1.1
Messages

3.1.1.1
Messages Sent From The PSC To The PSI
  The four messages in this direction are:



a) Write a new setpoint (16 bits of data to DAC)

        
b) Write a new command (15 bits of data to digital output port)


c) Read Requests (readback command & setpoint data or readback status and 4 analog 
 
    inputs


d) Read status and four analog channels

3.1.1.2
 Messages Sent From The PSI To The PSC

In response to these messages, the PSI can make a variety of responses as determined by the exact message type (per ID field).  These are detailed later, but can be divided into two groups:



1) Read Response

If the ID specifies a Read command, the PSI returns the echo and the current setpoint and command values it has latched.

If the ID specifies a Read Status/ADC command, then the latest values input to the ADC are returned, along with status input and the command echo.

2) Write Response 



When sending a write setpoint or command, the PSI only 





returns a single frame that “echoes” the 8 bit ID and 16 bit data 




field.

3.1.2
Message Timing

The data transmitted on the fiber optic link will be 5 Mb/s.  The longest command/response time is therefore:

1) 1 second / 5,000,000 bits * 43 bits / frame * (1 command frame + 6 response frames) 

       = 60.2 micro seconds of transmission time

2)  Added to this is the 20 microseconds to complete the Analog to Digital Conversion Process.

  

A + B = 80.2 microseconds.

Note that the idle pattern will keep the clock regenerator circuits in both ends synchronized so that no preamble or other link startup delay is incurred.

3.1.3
Communication Format

The data transmitted between the PSC and PSI will be encoded into a Bi-Phase-Mark data stream.  This has two advantages over standard NRZ data transmission.  The first is that there will always be at least one level transition every bit period.  This permits the clock to be reconstructed at the receiving end using nothing more complicated than a 3/4 bit delay circuit rather than a Phase Locked Loop or ringing circuit.  The second advantage is the coding, the Biphase signal will change phase only when a logic ‘1’ data is to be represented.  Therefore there is no ambiguity of data polarity at the receive site and the link is transparent in terms of possible inversions.  This code and all the other Inter Range Instrumentation Group (IRIG) standards have been used throughout Apogee’s product lines.

In this application, the IDLE pattern will be a data ‘1’.  This means the data phase is changing every bit and therefore there will only be transitions at the mid-bit time.  This will ensure the clock recovery circuit is properly phased with the incoming data.  The start of  the frame is indicated by a ‘0' and will be very easy to detect.  As the data is received, a small pulse is generated on each edge of the data.  This is used to initiate a 3/4 bit non-retriggerable monostable.  After the 3/4 bit delay, the current data value is sampled by a ‘D’ type flip flop.  Concurrently, a second flip flop will store the results of comparing the currently received value with the last bit’s value.  A change of state detected by the XOR gate indicates a data ‘1’ value.  Because the monostable is non-retriggerable, the edges that occur at the 0-degree boundaries are ignored; the circuit is self-aligning to the constantly occurring mid-bit edges.

Communication between the PSC and the PSI occurs over 62 micron multimode fiber.  Two fibers, one receive and one transmit, will be used between the PSC and the PSI.  The data formats described below are encoded on a 5 MHz carrier using a self-clocking Bi-phase mark-encoding scheme.  The carrier is continuous.  During idle periods, all “ones” are transmitted.

A frame consists of the following:



1 start bit

“0”



8 bit frame ID




16 bit data field
twos compliment binary



8 bits unused

“0”



8 bit crc

error check (x8+x7+x5+x4+x+1 generating polynomial, excluding 





start and stop bits)



2 stop bits

ones



43 bits total

It can also be viewed as follows:

    0  27
         20  216                                  20                    27             20   1  1

	
	
	
	
	
	
	



      Frame ID       Data / command field


CRC





TYPICAL FRAME LAYOUT

This frame layout is used for both transmissions from the PSC to the PSI and the reverse.

3.2
DETAILED DESCRIPTION OF DATA FORMATS

The use and structure of the 43 bit data frames have been detailed in previous sections.  Although the message/frame ID’s are to be fixed as shown in Table 1 of the RFP, additional ID’s may be added in the future by reprogramming the FPGAs.  The bit definitions of the command and status byte and word are transparent to the PSI as no modifications are made to these bits.

As shown in Table 2 of the RFP, depending on the type of initiating command received from the PSC, a variable number of frames will constitute the response, ranging from 1 to 6.  

ECHO command mode:  The PSI will simply retransmit (echo) the received command and CRC without modification.  This allows the user to determine (1) the PSI is present (no Time Out),  (2) the fiber link is good (no CRC error) and (3) no set point or command bits are modified.

3.2.1
Data Sent from the PSC to the PSI

The data exchange between the PSC and the PSI starts with a single frame being transmitted from the PSC to the PSI.  There are six possible frames, each with a unique frame ID.  Each of these frames will cause one of three possible responses from the PSI.

The frames, with their IDs and PSI responses are listed in Table 1.

Table 1

  Frames from the PSC to the PSI

	Frame from PSC
	ID (hex)
	16 Bit Data Field
	Response from PSI

	Setpoint Without Read
	55
	Two’s complement binary
	Echo Only

	Command Without Read
	4A
	See command definition
	Echo Only

	Read Commands
	00
	Not applicable
	Command Reading

	Read Status/ADC
	40
	Not applicable
	Status/ADC Reading


1) Setpoint Without Read – Data is sent to the D/A converter in the PSI.  No information is returned except an echo of the sent Setpoint.

2) Command Without Read – Data is sent to the Command bits of the PSI.  No information is returned except an echo of the sent Command bits

3) Read Commands – This command sends no data to the PSI, but causes the Setpoint and Command registers on the PSI to be sent to the PSC.

4) Read Status/ADC – This command sends no data to the PSI, but causes an ADC conversion to be initiated.  Then, Status and the results of that conversion for all four ADCs are returned to the PSC.

3.2.2
Data Sent from the PSI to the PSC

There are only three possible responses from the PSI to the PSC.

1) Echo Only – Only the bits that were sent are echoed back to the PSC.

2) Command Reading – This message contains frames for an echo and the Setpoint and Command bits that are stored in the PSI.

3) Status/ADC Reading – This message contains frames for an echo and the Status bits and the results of the ADC conversion for all four ADCs.

The details of these frames are shown in Table 2, and the timing is shown in Figure 1.

Table 2

 Responses from the PSI

	Responses from PSI
	Frame 1
	Frame 2
	Frame 3
	Frame 4
	Frame 5
	Frame 6

	
	ID (Hex)
	Data
	ID (Hex)
	Data
	ID (Hex)
	Data
	ID (Hex)
	Data
	ID (Hex)
	Data
	ID (Hex)
	Data

	Echo Only
	ID Echo
	Data Echo
	
	
	
	
	
	
	
	
	
	

	Command Reading
	ID Echo
	Data Echo
	95
	Command
	8A
	Setpoint
	
	
	
	
	
	

	Status/ADC Reading
	ID Echo
	Data Echo
	93
	Status
	80
	ADC A
	90
	ADC B
	A0
	ADC C
	B0
	ADC D
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 SNS Power Supply Interface Timing

3.2.3
Data Fields


Data Field for Command frame


20
21

22 - 212 , 214

Command


1
1

don’t care

ON – Turns the power supply on


0
0

don’t care

OFF – Turns the power supply off


0
1

don’t care

STANDBY
 - Turns on control power in 


   the supply, but does not energize the magnet load.        
   In some supplies, this also resets faults.


1
0

don’t care

RESET – Resets faults in supplies that require a 







   separate line


213





NEGATIVE – Indicates the power supply is in the 







   reverse polarity


215





Recalibrate ADC chips

3.2.4
Data Field for Status Frame

Bit

Command

215

ON – Indicates that the power supply is on and delivering power to the 



magnet load

214

OFF – Indicates that control power to the power supply is off, but AC 




power is available.

213

STANDBY – Indicates that control power to the power supply is on, but 



no power is being sent to the magnet load.

212

NEGATIVE – indicates the power supply is in the reverse polarity.

211

FAULT SUMMARY – Indicates that a fault has shut down the power 



supply regardless of which fault it was.

210

OVERVOLTAGE – Indicates that the power supply output current has 



exceeded its set limit.

29

OVERCURRENT – Indicates that the power supply output current has 



exceeded its set limit.

28

OUT OF REGULATION – Indicates that the current loop error is outside 



of acceptable limits.

27

FAN FAULT – Indicates loss of air flow.

26

OVERTEMP – Indicates excessive temperature anywhere in the power 



supply.

25

WATERFLOW – Indicates loss of water flow.

24

WATERMAT – Indicates water on the water mat, identifying a leak.

23

SECURITY INTERLOCK – Indicates the power supply was shut down as



a result of opening an external interlock contact.

22

GROUND FAULT – Indicates an unwanted leakage path to ground.

21

RIPPLE FAULT – Indicates excessive ripple, identifying a misfiring or



failed SCR in a phase controlled power supply.

20

PHASE FAULT – Indicates a lost phase or phase reversal.

3.3
PSC DETAILS

3.3.1
Sending Messages

In Section I, Figure 2 presented the overall block diagram of the CHCX1 FPGA.   Notice that there are two sources within the CHCX1 to initiate a message, as shown by the ‘OR’ gate in the middle of the page.  The first is by the VME bus and RS-232 commands received from the ICB.  This would be used to directly control the power supply by software.   The desired value is written to one of the holding registers, and then the SEND COMMAND bit in the board’s Command and Status Register is set to initiate the message transmission.   

The second source is an ‘AUTOMATIC COMMAND GENERATOR’.  This block has two operating modes, continuous and burst.  In the continuous mode, the event trigger will initiate a message transmission.  There are two separate trigger inputs.  One is used to initiate ONLY a read status/ADC; the other will initiate a setpoint or command write or read command or setpoint. Which write occurs depends on whether a setpoint or command value was last made by the VME/RS-232 update.  When either holding register is written, an AVAILABLE FLAG for that type is set.  When the Write Event pulse is subsequently received, then the message is generated and the appropriate AVAILABLE FLAG is reset.  Thus if another event trigger is received and there has not been a write to either holding register, a read command is generated.  

3.3.2
Trigger Overlap

Typically the two event triggers will occur so as to not overlap or occur within 100( Secs of each other.  The command/response sequence will therefore complete before receiving the other trigger.  In the case however where this criteria is not met, no message will be queued and the second event dropped unless the dropped event was a read, then the only action will be to increment the time counter and the overlap bit will be set.

3.3.3
Time Register

Each CHCX FPGA includes a 16-bit time counter as shown in Section I, Figure 2, top center.  This counter value is used to time stamp the readback data being written into the memory as described in the following section.  A single RESET TIME bit is included in the board’s control register that allows the VME & RS-232 controllers to synchronously reset all channel time counters. 

This counter is incremented ONLY after a READ message is transmitted. 

3.3.4
Memory
Each channel of the PSC has a separate 65,536 x 16 RAM (1Megabit total per channel) controlled by the CHCX FPGA.  A number of bits are provided in the Control Register to support the following:

RESET MEM. ADRS - Writing a ‘1' to this position will reset the WRITE address counter for the memory.

ENABLE MEM. WRITES - Set this bit to start the collection of data.  

MODE SELECT 0,1 - These two bits select the operating mode:

     00:  No Change


10: Continuous Mode: Write each captured response to the next address, and continue 
to wrap around from the top of memory to address 0.  (The current value of the WRITE 
address counter (WPTR) can be accessed on the IDB.)  Writes continue from the last 
value of the WPTR.


01: Stop Mode: When the ENABLE MEM. WRITES bit is negated, writing is 



halted, and the WPTR is NOT reset.  When asserted, writes continue from the last value.



11: Burst Mode: Always begins at zero and stops after the specified number of 



burst transfers are written.

Since the data captured is ONLY the response to the Read Status/ADC request, the data is mapped as follows:

          From PSI

Written to Memory
               1 byte: ID, 2 bytes CMD ECHO

1 byte ID, 1 byte Error, 2 bytes Time Value

               1 byte: ID, 2 bytes Status

1 byte ID, 1 byte Error, 2 bytes Status

               1 byte: ID, 2 bytes ADCA

1 byte ID, 1 byte Error, 2 bytes ADCA

               1 byte: ID, 2 bytes ADCB

1 byte ID, 1 byte Error, 2 bytes ADCB

               1 byte: ID, 2 bytes ADCC

1 byte ID, 1 byte Error, 2 bytes ADCC

               1 byte: ID, 2 bytes ADCD

1 byte ID, 1 byte Error, 2 bytes ADCD

The Error byte’s LSB will be set to ‘1' if the received frame contained a CRC error.  The remaining 7 bits are unused at this time.  The frame with an error will be overwritten by the next frame.

The Time Counter is incremented ONLY after a READ message is transmitted (not after each read frame is received).

3.3.5
Transmission Errors

CRC errors detected by the PSC in received response frames will cause a bit to be set in the Status Register that is accessible by the VME and RS-232 controllers.  This bit stays set until the CLEAR CRC ERROR bit is written to in the Command Register so that errors will not go undetected by the software.

The PSI should always be sending either the Idle pattern or a response, and so  the fiber receiver should always indicate a ‘carrier’ is present.  Like the CRC ERROR status, this bit once set must be cleared by software action.

3.3.6
Burst Mode

In the burst mode, either the Read trigger or a SW  read command, depending on whether the HW or SW trigger is selected, starts a series of data transfers.  The rate and number of transfers is programmable from the VME bus and RS232 port and controls two counters as shown in the middle-right side of Section I, Figure 2.  Once Armed (Channel Enable set and Burst Mode in Control Register), the next READ trigger  or SW read command will set the ‘GO’ flag which starts the generation of the Read Status/ADC requests.  The responses are written to the memory, and at the programmed rate, another Read Request is generated.  The process is continued until the message counter expires.

Note that since the Read Requests are automatically generated, write triggers and VME/RS-232 initiated Write Commands are disabled to prevent overlaps while in burst mode until the burst mode is finished.

The Rate counter operates by counting down the on board 20MHz clock to provide rates between 100 to 10,000 Hz, selectable as 100, 250, 720, 1K, 2.5K, 5K, 10K.  Per the memory size, up to 5458 messages can be stored, specified between 1 and 5458 in steps of 1 message.  Refer to section 3.3.8.6.

The Time Counter is incremented ONLY after a READ command is written to the PSC channel or read trigger occurs (not after each read frame is received).

3.3.7
RS-232 Access

An RS-232 port is provided to allow remote control of the PSC module by a laptop or other computer.  The RS-232 port has the same access to the Internal Data Bus (IDB) and although limited in speed, it can perform the same functions as the VME-bus.


A standard 9 pin ‘D’ type connector is shown on the module’s front panel.

 The general definitions are as follows:

1) This is a 38400 Baud, 8 bit, 1 Start bit, 1 Stop bit.

2) Protocol is per ECD-900022 Serial Debugging Interface Protocol.

3.3.8
VME Bus Access

3.3.8.1
VME Reading Modes
Besides accessing the captured Burst mode data in the memory, the last received response from a setpoint command, write command or command reading set of data from the PSI is also accessible.  This is done by incorporating a special memory writing circuit into the Memory Interface & Store control, as shown in Section I, Figure 2.  This data is made alternately to one of two especially reserved top of memory mini-buffers.  This small amount of memory is not accessed by the normal memory operations, but is provided to allow unsynchronized VME / RS-232 access to the last received data set.  Thus if the CPU begins access to the last mini-buffer written to and a subsequent data set begins to be received, the new data is directed to the alternate mini-buffer, avoiding an overwrite of the data currently being read.


    This method saves considerable holding register resources in the FPGA and provides the                   
    flexibility to the user of accessing the data EITHER as timed or untimed.


    Data can only be accessed in D16 mode.

3.3.8.2
VME Read Access
To permit multiple PSCs to reside on the same VME bus, bits ADD0 to ADD11 of the 14-bit header JP2 are provided to select the boards’ base address MSBs (of a 32 bit address).  The LSBs will be decoded to permit memory and register access.

The access delay for bus transfers have been designed to be no more than 500 nanoseconds.  A 20 MHz on board clock will be used to establish the IDB timing and from that an arbitrator circuit based on 50 ns time slices established to service VME/RS-232 control & read transfers and the read response writes to memory described above.

3.3.8.3 Interface Specifications

 The general definitions are as follows:

1) Data Transfers are 16 Bit (Word) Transfers.

2) The VME transfer time shall be Maximum of 500 (s.

3.3.8.4 Memory Map Definition
The memory’s address space is organized as follows:

	ADDRESS BITS

	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

	PSC Board Address Bits
4096 Board Address

Active 0 to 4095
	Channel Address

Six Addrs
Active 
0 to 5 
	Channel Memory Space

128 Kb 
Active 0x00000 to 0x1FFFF


Figure 2 

Memory Address Bit Mapping

3.3.8.5 Channel Memory Space Mapping
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Figure 3 

Channel Memory Map

3.3.8.6 Register Definitions          


 1) Global Read Count Word

      Register Address:

0x1FFFE
      Register Operations:
Read or Write 

      Register Bits: 

	Bit
	Description

	0
	This 16 Bit Counter increments by one count when hardware or software triggered read occurs. The Counter will reset(IE=0) when a write operation is done, and data supplied during write is ignored.

	To
	

	15
	


2) Operation Control Word

     Register Address:

0x1FFFC
     Register Operations:
Read or Write 

     Register Bits: 


	Bits
	Description

	1-0
	B1
	B0
	Function

	
	0
	0
	No Change

	
	0
	1
	Stop Mode

	
	1
	0
	Select Continuous Mode

	
	1
	1
	Select Burst Mode 

	3-2
	B3
	B2
	Function

	
	0
	0
	No Change

	
	0
	1
	Channel Enable

	
	1
	0
	Channel Disable

	
	1
	1
	Reserved for Future Use (undefined function)

	5-4
	B5
	B4
	Function

	
	0
	0
	No Change

	
	0
	1
	Trigger = Hardware Trigger Mode

	
	1
	0
	Trigger = Software Trigger Mode

	
	1
	1
	Reserved for Future Use (undefined function)

	6
	Reset Write Pointer 

	7
	Software Trigger for Write Setpoint Register if Setpoint Available is true otherwise the Read Command Register will execute.

	8
	Software Trigger for Read Status & ADC.

	15-9
	Undefined


  3) Error and Status Word

Register Address:

0x1FFFA
       Register Operations:
Read or Write 

       Register Bits: 


	Bit
	Description

	0
	CRC Error (Write with this Bit=1 will clear this bit)

	1
	Transmission Time Out. This bit indicated that a fiber optic transfer was attempted but a response was not received from the PSI. 

(Write with this Bit=1 will clear this bit)

	2
	Carrier Error (Fiber Optic Interface). This bit indicates that the fiber optic link carrier is not present and the cable may be not connected or broken.

(Write with this Bit=1 will clear this bit)

	3
	Trigger Overlap Error. This bit indicates that a second trigger was detected while a fiber optic transfer from the first trigger was already in progress.

(Write with this Bit=1 will clear this bit)

	4
	Buffer A/B Available flag. This bit indicates which last received buffer is available to the system for reading. A bit value of '1' indicates that buffer 'A' is available and a bit value of '0' indicated buffer 'B' is available.

	5
	Command Available Status Flag

	6
	Setpoint Available Status Flag

	7
	Memory Buffer is Full Status Flag. The full flag will be a set to a '1' when the write pointer reached the end writing the buffer during burst or continuous mode. This status flag will be cleared when the Reset Write Pointer Command is done.

	8

To

15
	Undefined

Undefined

Undefined


4) Write Pointer Word

     Register Address:

0x1FFF8
     Register Operations:
Read
     Register Bits: 


	Bit
	Description

	0 

To 15
	This is a 16 Bit Write Pointer. This value is the address where  the next write operation will occur.


5) Burst Rate Control Word xxx

    Register Address:

0x1FFF6
    Register Operations:
Read or Write 

    Register Bits: 


	Bit
	Description

	0

To

2
	This is a decoded frequency value as follows;

0 = OFF

1 = 10 Khz

2 = 5 Khz

3 = 2.5 Khz 

4 = 1 Khz

5 = 720 Hz

6 = 250 Hz

7 = 100 Hz

	3

To

15
	Undefined




6) Burst Length Control Word

     Register Address:

0x1FFF4
     Register Operations:
Read and Write
     Register Bits: 


	Bit
	Description

	0 

To 12
	This is a 13 Bit length register. This value is the number of responses to acquire during burst mode. Valid Range is 1 to 5458, 0 is undefined.

	13

To

15
	Undefined


7) Command Word

    Register Address:

0x1FFF2
    Register Operations:
Read and Write
    Register Bits: 


	Bit
	Description

	0 

To 15
	This is a 16 Bit command Word. 


9) Setpoint Word

    Register Address:

0x1FFF0
    Register Operations:
Read and Write
    Register Bits: 


	Bit
	Description

	0 

To 15
	This is a 16 Bit Setpoint Word. 


3.4
POWER SUPPLY INTERFACE (PSI)

3.4.1
Analog Interface

3.4.1.1
Analog to Digital (ADC) Conversion
To convert the analog measurement inputs to digital, four ADCs are placed on the PSI card as shown in Section I, Figure 3 for the reasons outlined in the RFP.  The Analog Devices ADC677 part is an excellent fit for this application since it includes an auto calibration function that provides excellent DC performance and eliminates the need for user adjustments or a much more costly, inherently more accurate part.  Most 16 bit ADCs that boast a low cost are made primarily for AC applications and have specs, tailored to ‘dynamic’ parameters such as S/(N+D) Ratio, THD, and IMD.  In this application, it is the longer term DC accuracy and stability that are important, owing to the lower rate of changes expected.  While the AD677 utilizes a switched-capacitor architecture to achieve a 10 microsecond conversion time at a very economical price, its overall performance is optimized by digitally correcting internal nonlinearities through on-chip auto calibration.

Typical specs over the temperature range include:

Resolution and Differential Nonlinearity (No missing codes): 16 bits

Integral Nonlinearity: 


+/-1 LSB

Bipolar Zero Error:   


+/-1 LSB

Positive/Negative Full Scale Errors: 
+/- 1 LSB

Temperature Drift: 


+/- 0.5 LSB

Performance is also affected by the reference voltage supplied to the ADC.  The reference source selected (AD587) has a maximum deviation of +/- 3.5 mV between 0 and 70 degrees C or a maximum temperature coefficient of 5ppm/oC.  Sourcing 10,000 V to the ADC, an input bipolar voltage of +/- 10V is converted to 16 bits.  To isolate the power supply measurement source from the ADC’s dynamic input characteristics during conversion, a precise, low drift amplifier precedes each ADC.

3.4.1.2
Digital to Analog (DAC) Conversion
Similar considerations were applied to the DAC device selection.  The AD699 is a complete 16 bit monolithic DAC with output amplifier that can be configured to source unipolar 0 to +10 V or bipolar -10 V to +10 V outputs.  The AD669's architecture insures 15-bit monotonicity over temperature.  Internal nonlinearity is maintained at +/- 0.003%, while Differential Nonlinearity is +/- 0.003% max.  The output amplifier provides a voltage output settling time of 10 microseconds to within 2 LSB for a full scale step. 

As performance enhancements, the AD699's internal Zener Reference source is replaced by the 10 Volt reference mentioned above (AD587) and overall Gain and Offset adjustment potentiometers are provided.

3.4.2
Digital Interface

3.4.2.1 Digital Outputs

The digital outputs are 5V TTL compatible and can drive TTL input circuits.

3.4.2.2 Digital Inputs
The FPGA will accept current-limited inputs of voltages beyond its VCC voltage.  Therefore the simplest input circuit for these essentially DC signals is a current limiting resistor.  A resistor value of 1k ohms will ensure the PSI imposes no more than 1 milliamp. load on the power supply.

SECTION 4

DRAWINGS

4.0
DRAWINGS

This section provides Parts Lists and Schematics for the Power Supply Controller

4.1
PARTS LISTS

Model 520, PSC Chassis—AS-042

VME-PSC, Power Supply Controller—AS-041

Model 522, PSI Chassis—AS-069

VME-PSI, Power Supply Interface—AS-070

4.2 SCHEMATICS

Baseboard PSC—SHPC-014

Baseboard PSI—SHPC-029
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