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1 INTRODUCTION

1.1 DOCUMENT INTENT

Information in this document will provide a detailed summary of the design criteria required to ensure product performance. The intended audiences are Engineers in Software Development, Reliability, Test, Service, Sustaining and Research and Development. The three perspectives considered are performance to the customer, testing of the assembly and future applications of the assembly. Document information will include critical function theory of operation, software control instructions, hardware register definitions, memory map information and I/O electrical specifications. The intent of this document is to provide the reader with additional information not contained in the associated documentation listed in Section 1.3 titled “REFERENCE DOCUMENTATION”.

For example, the Assembly Drawing provides connector location while the Schematic provides the connector pin out. The connector location and pin out information will not be redundantly contained in this document. 

Today most integrated circuits (ICs) have become more integrated and therefore more complex to control. The manufacturer’s specification of the IC provides information on the functional operation. The availability of the Internet and Waters ECAD Intranet Site make all of the reference documentation easily accessible to employees of Waters. The following steps will retrieve a manufacturer’s IC specification:

1. Determine the IC’s reference designator from the Schematic.

2. Cross-reference the reference designator to the Waters’ part number on the Assembly Drawing’s Bill of Material (BOM).

3. Input the Waters part number into the component database located on the Waters’ ECAD home page. This will provide either a direct link to the manufacture’s home page or simply list the manufacturer. The information is then available through the Internet at the manufacturer’s home page. The only software required is an Internet Browser.

Therefore this document will not redundantly contain IC specifications unless the IC is being used in an unusual manor. A similar procedure is available to retrieve the reference documentation from the ECAD home page.

1.2 PRODUCT DESCRIPTION

There are four PCBs that make up the electronics for the Waters 2998 Photo Diode Array (PDA) Detector.  They are defined as the CPU2000, 2998 Charge amp Board, 2998 Personality Board, and the 2998 Lamp Power Supply.  The 810000292 specification defines the electronics that populate the Personality PCB.

The Personality PCB may be broken down into the following major functional sections required to perform the major functions of the 2998 PDA Detector. The Personality PCB is designed to be used with the CPU 2000 (Common CPU) which provides the Microprocessor, RAM, Flash Memory functions, RS232 and Ethernet functions. The CPU 2000 is interfaced to the Personality PCB through a 180 pin board to board connector. The intent is to eliminate the personality board dependence on the changes which take place in the microprocessor and memory industries. The Personality Board also interfaces with a Charge Amp Board. The Charge Amp board converts the analog signals generated analog generated by the photo diode array into digital signals that can be processed in software.  The Charge Amp board is isolated from the Personality Board via galvanic isolation. The Personality Board also controls the operation of the Lamp Power Supply board.  Finally, the personality PCB is where the control, sensor electronics and DSP exists.  The following figure illustrates the PCB stack-up and where the 2998 Personality board fits in.
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Figure 1  Board Stack-Up

1.3 REFERENCE DOCUMENTATION

The following table describes the reference material needed with this document.

	WATERS PART NUMBER
	DOCUMENTATION DESCRIPTION

	
	

	210000292
	Assembly, 2998 Personality PCB

	710000292
	Schematic, 2998 Personality PCB

	510000292
	PCB, 2998 Personality PCB

	610000292
	Artwork, 2998 Personality PCB

	361000291
	FPGA, 2998 Personality PCB

	Waters Intranet Site
	 IC Specifications as Required


Table 1 REFERENCE DOCUMENTATION LIST
1.4 MECHANICAL SPECIFICATIONS

Most of the Personality PCB physical dimensions can be found on the PCB Fabrication Drawing.

Personality PCB Weight

298 Grams

Length



10.75 inches

Height



6.5 inches

1.5 ENVIRONMENTAL SPECIFICATIONS

Operating temperature range -

4 to 40 degrees C

Relative Humidity -



20 % to 80 % (non-condensing)

Storage Temperature Range -

-20 to 80 degrees C

Air Flow Over PCB



None Required

1.6 SAFETY

All voltages supplied to the Personality PCB are both low voltage and DC.

2 FUNCTIONAL BLOCK DIAGRAM
Figure 2.0 shows the major functional blocks and input/output connections of the Personality PCB.
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Figure 2  Personality PCB, Major Functional Blocks

3 SOFTWARE TABLES
3.1 HARDWARE REGISTER DEFINITIONS

	CS:

Offset:

Register:
	5

00001

       Write

	Name:
	Reserved 

	Initial Value:
	00


Table 2  OLD LED BUS (no hardware)

	CS:

Offset:

Register:
	5

00002

       Write

	Name:
	DSP RESET  

	Initial Value:
	00

	Special Instructions
	Write a 0X41 to send a reset pulse to DSP

	Bit
	Name
	Value
	Description

	7
	Not used
	x
	

	6
	Not used
	1
	HPI ENABLE 

	5
	Not used
	x
	

	4
	Not used
	0
	BOOTMODE

	3
	Not used
	0
	BOOTMODE

	2
	Not used
	x
	

	1
	 Not used
	x
	

	0
	 Not used
	1
	ENDIAN MODE


Table 3  DSP RESET

	CS:

Offset:

Register:
	5

00004

       Write

	Name:
	SOFTWARE LOOP REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	Software loop write register. Write data to this register during software testing to create scope loops, etc. Used during development.

	Bit
	Name
	Value
	Description

	7
	SFREG7
	0/1
	

	6
	SFREG6
	0/1
	

	5
	SFREG5
	0/1
	

	4
	SFREG4
	0/1
	

	3
	SFREG3
	0/1
	

	2
	SFREG2
	0/1
	

	1
	SFREG1
	0/1
	

	0
	SFREG0
	0/1
	


Table 4  SOFTWARE LOOP REGISTER WRITE

	CS:

Offset:

Register:
	5

00005

       Write

	Name:
	POWER/STATUS LED & EVENTS REGISTER WRITE

	Initial Value:
	01

	Special Instructions
	Only a STAT_GRN and STAT_YLW should not both be active simultaneously

	Bit
	Name
	Value
	Description

	7
	Not used
	X
	

	6
	Not used
	X
	

	5
	EVENT_OUT2
	1
	Contact closed

	4
	EVENT_OUT1
	1
	Contact closed

	3
	Not used
	X
	

	2
	Not used
	X
	

	1
	STAT_RED
	1
	Red LED on

	0
	STAT_GRN
	1
	Green LED on


Table 5  POWER/STATUS LED & EVENTS REGISTER WRITE

	CS:

Offset:

Register:
	5

00006

       Write

	Name:
	FILTER WHEEL ENABLE AND HOLD

	Initial Value:
	03

	Special Instructions
	To Drive Fltr Motor write a hex 02 then to hold write a hex 01. Motor will be in hold current.

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	not used
	X
	

	4
	not used
	X
	

	3
	not used
	X
	

	2
	not used
	X
	

	1
	_FLTR_WHEEL_HLD
	0
	Latches current TPU state to hold filter wheel motor and drops to hold current.

	0
	_FLTR_WHEEL_EN
	0
	Motor Enable


Table 6  FILTER WHEEL ENABLE AND HOLD

	CS:

Offset:

Register:
	5

00007

       Write

	Name:
	LAMP CONTROL REGISTER

	Initial Value:
	FF

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	0
	

	5
	not used
	0
	

	4
	not used
	0
	

	3
	not used
	0
	

	2
	not used
	0
	

	1
	_LAMP_ON
	0
	Turns on the lamp

	0
	not used
	0
	


Table 7  LAMP CONTROL REGISTER

	CS:

Offset:

Register:
	5

00008

       Read

	Name:
	FUSE & LAMP STATUS REGISTER & LEAK PRESENT

	Initial Value:
	XX

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	RMTVCC_FUSE
	1
	Fuse is good

	4
	24V_FUSE
	1
	Fuse is good

	3
	not used
	X
	

	2
	_LAMP_LIT
	0
	Lamp is Lit

	1
	not used
	X
	

	0
	_LK_DET_PRESENT
	0
	Leak Detector Option Present


Table 8  FUSE & LAMP STATUS REGISTER

	CS:

Offset:

Register:
	5

00009

       Read

	Name:
	FPGA VERSION 

	Initial Value:
	XX

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	VER7
	X
	

	6
	VER6
	X
	

	5
	VER5
	X
	

	4
	VER4
	X
	

	3
	VER3
	X
	

	2
	VER2
	X
	

	1
	VER1
	X
	

	0
	VER0
	X
	


Table 9 FPGA VERSION REGISTER

	CS:

Offset:

Register:
	5

00010

       Write

	Name:
	ACTIVE LEVEL SELECT FOR EVENT DRIVEN INTERUPT 

	Initial Value:
	XX

	Special Instructions
	Level select can be event specific

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	CPU2000_ALEVEL
	1
	Sets signal to a active high for interrupt

	4
	LAMPONOFF_ALEVEL
	1
	       Sets signal to a active high for interrupt

	3
	INJECTSTART_ALEVEL
	1
	       Sets signal to a active high for interrupt

	2
	       not used
	X
	Old IEEETRIG_ALEVEL interrupt

	1
	CHARTMARK_ALEVEL
	1
	       Sets signal to a active high for interrupt

	0
	AUTOZERO_ALEVEL
	1
	Sets signal to a active high for interrupt


Table 10 FPGA VERSION REGISTER

	CS:

Offset:

Register:
	5

00011

       Write

	Name:
	EVENT DRIVEN INTERUPT SELECT 

	Initial Value:
	00

	Special Instructions
	Multiple events can drive the interrupt to the CPU and DSP if selected. 

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	CPU2000_EN
	1
	Enables interrupt to DSP

	4
	LAMPONOFF_EN
	1
	Enables interrupt to DSP

	3
	INJECTSTART_EN
	1
	Enables interrupt to DSP

	2
	       not used
	X
	Old IEEETRIG_EN interrupt

	1
	CHARTMARK_EN
	1
	Enables interrupt to DSP

	0
	AUTOZERO_EN
	1
	Enables interrupt to DSP


Table 11 FPGA VERSION REGISTER

	CS:

Offset:

Register:
	5

00012

       Write

	Name:
	QSPI ENABLE REGISTER 

	Initial Value:
	00

	Special Instructions
	Multiple events can drive the interrupt to the CPU and DSP if selected. 

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	not used
	X
	

	4
	not used
	X
	

	3
	not used
	X
	

	2
	not used
	X
	

	1
	not used
	X
	

	0
	SPI_ENABLE
	1
	Enables all QSPI operations


Table 12 QSPI ENABLE  REGISTER

	CS:

Offset:

Register:
	5

00019

       Write

	Name:
	TRISTATE ENABLE REGISTER

	Initial Value:
	01

	Special Instructions
	Initialize all external registers before disabling tri-state mode

	Bit
	Name
	Value
	Description

	7
	Not used
	X
	

	6
	Not used
	X
	

	5
	Not used
	X
	

	4
	Not used
	X
	

	3
	Not used
	X
	

	2
	Not used
	X
	

	1
	THERM_EN
	0
	A low disables Thermal Control ADC and PWM

	0
	TRI_REG
	0
	A low disables Tri-state mode


Table 13 TRISTATE ENABLE REGISTER

	CS:

Offset:

Register:
	5

0001B

       Write

	Name:
	DAC START CONTROL  REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	Write Analog output DAC data registers before starting state machine

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	not used
	X
	

	4
	not used
	X
	

	3
	not used
	X
	

	2
	START_CH_2
	1
	1= start DAC Channel 2 state machine

	1
	not used
	X
	

	0
	START_CH_1
	1
	1= start DAC Channel 1  state machine


Table 14 DAC START CONTROL  REGISTER WRITE

	CS:

Offset:

Register:
	5

0001C, 0001D, 0001E, 0001F

       Write

	Name:
	24 BITS OF ANALOG OUTPUT DAC CH1 DATA REGISTERS

	Initial Value:
	00

	Special Instructions
	4 bytes of DAC 1 data.  

	Bits
	Offset Address
	Value
	Description

	(RESERVED)
	0x0001C
	X
	All 8 Register BITS  

	(23 :16)
	0x0001D
	X
	All 8 Register BITS  

	(15 :8)
	0x0001E
	X
	All 8 Register BITS

	(7 :0)
	0x0001F
	X
	All 8 Register BITS


Table 15 ANALOG OUTPUT DAC CH1 DATA REGISTERS 

	CS:

Offset:

Register:
	5

00020, 00021, 00022,00023

       Write

	Name:
	24 BITS OF ANALOG OUTPUT DAC CH2 DATA REGISTERS

	Initial Value:
	00

	Special Instructions
	3 bytes of DAC 2 data.  

	Bits
	Offset Address
	Value
	Description

	(RESERVED)
	0x00020
	X
	All 8 Register BITS  

	(23 :16)
	0x00021
	X
	All 8 Register BITS  

	(15 :8)
	0x00022
	X
	All 8 Register BITS

	(7 :0)
	0x00023
	X
	All 8 Register BITS


Table 16 ANALOG OUTPUT DAC CH2 DATA REGISTERS 

	CS:

Offset:

Register:
	5

00024

       Write

	Name:
	ANALOG OUTPUT DAC CH 1 INSTRUCTION REGISTER

	Initial Value:
	00

	Special Instructions
	(MSByte) 

Number of bytes to transfer including Instruction Register decoded as follows; MB1 MB0, 00=1Byte, 01=2Bytes, 10=3 Bytes, 11=4 Bytes

DAC’s Internal Resister Address see DAC 1220 IC Spec A3-A0 MSB to LSB

	Bit
	Name
	Value
	Description

	7
	DD31
	0/1
	1= Read, 0 = write

	6
	DD30
	0/1
	MB1

	5
	DD29
	0/1
	MB0

	4
	DD28
	0
	Always 0

	3
	DD27
	0/1
	A3

	2
	DD26
	0/1
	A2

	1
	DD25
	0/1
	A1

	0
	DD24
	0/1
	A0


Table 17 ANALOG OUTPUT DAC CH 1 INSTRUCTION REGISTER 

	CS:

Offset:

Register:
	5

00025

       Write

	Name:
	ANALOG OUTPUT DAC CH 2 INSTRUCTION REGISTER

	Initial Value:
	00

	Special Instructions
	(MSByte) 

Number of bytes to transfer including Instruction Register decoded as follows; MB1 MB0, 00=1Byte, 01=2Bytes, 10=3 Bytes, 11=4 Bytes

DAC’s Internal Resister Address see DAC 1220 IC Spec A3-A0 MSB to LSB

	Bit
	Name
	Value
	Description

	7
	DD31
	0/1
	1= Read, 0 = write

	6
	DD30
	0/1
	MB1

	5
	DD29
	0/1
	MB0

	4
	DD28
	0
	Always 0

	3
	DD27
	0/1
	A3

	2
	DD26
	0/1
	A2

	1
	DD25
	0/1
	A1

	0
	DD24
	0/1
	A0


Table 18  ANALOG OUTPUT DAC CH 2 INSTRUCTION REGISTER 

	CS:

Offset:

Register:
	5

0001A

       Read / Write

	Name:
	ANALOG OUTPUT FILTER CONTROL (external register)

	Initial Value:
	EE

	Special Instructions
	Inisilize register before TRI_REG is cleared

TRI_REG enables external registers (see register 500019)

Register must be initialized (written to once) before it can be read.

	Bit
	Name
	Value
	Description

	7
	_80HZ
	0
	Analog out Ch2 80Hz filter  

	6
	_40HZ
	0
	Analog out Ch2 40Hz filter  

	5
	_20HZ
	0
	Analog out Ch2 20Hz filter  

	4
	_10HZ
	0
	Analog out Ch2 10Hz filter  

	3
	_80HZ
	0
	Analog out Ch1 80Hz filter  

	2
	_40HZ
	0
	Analog out Ch1 40Hz filter  

	1
	_20HZ
	0
	Analog out Ch1 20Hz filter  

	0
	_10HZ
	0
	Analog out Ch1 10Hz filter  


Table 19 ANALOG OUTPUT FILTER / LAMP CONTROL 

	CS:

Offset:

Register:
	5

0002A, 0002B, 0002C

       Read

	Name:
	24 BIT CH 0 THERMAL ADC READ REGISTERS  (NOT USED)

	Initial Value:
	XX

	Special Instructions
	

	Bits
	Offset Address
	Value
	Description

	(23 :16)
	0x0002A
	X
	All 8 Register BITS

	(15 :8)
	0x0002B
	X
	All 8 Register BITS

	(7 :0)
	0x0002C
	X
	All 8 Register BITS


Table 20  24 BIT CH 0 THERMAL ADC READ REGISTERS

	CS:

Offset:

Register:
	5

0002E, 0002F, 00030

       Read

	Name:
	24 BIT CH 1 THERMAL ADC READ REGISTERS (NOT USED)

	Initial Value:
	XX

	Special Instructions
	

	Bits
	Offset Address
	Value
	Description

	(23 :16)
	0x0002E
	X
	    All 8 Register BITS

	(15 :8)
	0x0002F
	X
	    All 8 Register BITS

	(7 :0)
	0x00030
	X
	    All 8 Register BITS


Table 21   24 BIT CH 1 THERMAL ADC READ REGISTERS

	CS:

Offset:

Register:
	5

0003A, 0003B

       Write

	Name:
	PWM DRIVE CH1 FREQUENCY PERIOD COUNT REGISTERS (NOT USED)

	Initial Value:
	XX

	Special Instructions
	16 bit Frequency period counter (counter base clock = 1.024MHz)

Count must be larger then PWM duty cycle period count value

	Bits
	Offset Address
	Value
	Description

	(15 :8)
	0x0003A
	80
	    All 8 Register BITS

	(7 :0)
	0x0003B
	00
	    All 8 Register BITS


Table 22  PWM DRIVE CH1 FREQUENCY PERIOD COUNT REGISTERS

	CS:

Offset:

Register:
	5

0003C, 0003D

       Write

	Name:
	PWM DRIVE CH1 DUTY CYCLE PERIOD COUNT REGISTERS (NOT USED)

	Initial Value:
	XX

	Special Instructions
	16 bit duty cycle period counter (counter base clock = 1.024MHz)

Count must be smaller then PWM Frequency period count value

	Bits
	Offset Address
	Value
	Description

	(15 :8)
	0x0003C
	40
	    All 8 Register BITS

	(7 :0)
	0x0003D
	00
	    All 8 Register BITS


Table 23   PWM DRIVE CH1 DUTY CYCLE PERIOD COUNT REGISTERS

	CS:

Offset:

Register:
	5

00401

       Read

	Name:
	VERSION ID 

	Initial Value:
	XX

	Special Instructions
	This register is unique in that it can be read with no FPGA image loaded.  It holds the board version and can be used to identify what functions to enable and what FPGA to load.

	(7 :0)
	0x00401
	XX
	    All 8 Register BITS


Table 24  VERSION ID

3.2 CPU CS ALLOCATION

	CPU CS Used By Personality Board
	Description
	Minimum Wait States

	4
	New SDRAM Data Buffer (upper)
	2

	5
	FPGA Address Decode
	6 

	8
	New SDRAM Data Buffer (lower)
	2

	9
	DSP Host Port Interface
	DSACK


Table 25 CPU CS Allocation

3.3 TPUBUS ALLOCATION 

	TPUBUS Channel
	Description

	0
	1-wire eeprom

	1
	Filter Wheel Motor Home Signal (not used)

	2
	Unused

	3
	Event Input Auto Zero

	4
	Event Input Chart Mark

	5
	Event Input Inject Start

	6
	Event Input Lamp on/off

	7
	CPU2000 Trigger to DSP

	8
	Thermal ADC (FPGA access) (NOT USED)

	9
	Filter Wheel Motor

	10
	Filter Wheel Motor

	11
	Filter Wheel Motor

	12
	Filter Wheel Motor

	13
	Extra @ PLD  (pulled up)

	14
	Extra @ PLD  (pulled up)

	15
	1-wire eeprom


Table 26 TPUBUS Channel Allocation

3.4 CPU IRQ ALLOCATION

	CPU IRQs Used By Personality Board
	Board Location
	Description

	IRQ 1
	ADC
	Personality A/D

	IRQ 2
	                CPU2000
	Ethernet

	IRQ 3
	FPGA
	Unavailable

	 IRQ 4
	IEEE (OLD)
	

	IRQ 5
	DSP
	DSP Host Port interrupt

	IRQ 6
	IEEE (OLD)
	


Table 27 CPU IRQ Allocation

3.5 QSPI CS DECODE

	Personality PLD Decode
	 

	QSPI_PCS3
	QSPI_PCS2
	QSPI_PCS1
	QSPI_PCS0
	Result

	0
	0
	0
	0
	

	0
	0
	0
	1
	

	0
	0
	1
	0
	System A/D

	0
	0
	1
	1
	

	0
	1
	0
	0
	DSP

	0
	1
	0
	1
	CA Thermal A/D 

	0
	1
	1
	0
	 

	0
	1
	1
	1
	 


Table 28 QSPI CS DECODE
4 DSP PERIPHERAL INTERFACES DESCRIPTION

The TMS320C6713 DSP compose the floating-point DSP generation in the Texas Instruments (TI) TMS320C6000™ DSP platform and are based on the high-performance, advanced very-long-instruction-word (VLIW) architecture.  The DSP has a rich peripheral set that includes two Multichannel Audio Serial Ports (McASPs), two Multichannel Buffered Serial Ports (McBSPs), two Inter-Integrated Circuit (I2C) buses, one dedicated General-Purpose Input/Output (GPIO) module, two general-purpose timers, a host-port interface (HPI), and a glueless external memory interface (EMIF) capable of interfacing to SDRAM, SBSRAM, and asynchronous peripherals.
TMS320C6713 user manuals should be used for programming the DSP.  The Program itself is out of the scope of this document but the peripheral interfaces will be discussed in this section.  The following figure illustrates the DSP and its peripheral interfaces.
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Figure 3  DSP Peripheral Interfaces Conections
4.1 DSP TO CPU2000 INTERFACE
The Personality provides two methods of data transfer between the DSP and the CPU2000.  The two methods are via the use of the DSP’s Host Port Interface (HPI) and the use of the DSP’s Multichannel Buffered Serial Port (McBSP).  
4.1.1 Host Port Interface (HPI) to CPU2000

The HPI provides 32-bit data to the CPU2000 with a 16-bit parallel external interface by automatically combining successive 16-bit transfers.   The CPU2000 functions as a master to the interface. The CPU2000 and DSP can exchange information from internal or external DSP memory. The host also has direct access to memory mapped peripherals. Access to the DSP memory space is provided through the direct memory access (DMA) controller. Through the HPI, the CPU2000 is capable of accessing the entire DSP memory map except the following:

 
L2 control registers 
 Interrupt selector registers

 Emulation logic
The Host Port is the method of choice for transferring large amounts of data to the CPU2000.  The 16 bit parallel interface with the DMA allows for a fast method of data transfer with minimal loading down of the DSP and CPU2000 processors.  
When communicating with the DSP the CPU2000 should be configured to use DSACK for strobing data.   After the DSP acknowledges CS9 going active it drives _HRDY high until data is valid on the bus, _HRDY is then driven active low.  The falling edge of _HRDY is then delayed with logic in the FPGA to allow for data to ripple through both the personality level shifting driver and CPU2000 data bus driver before the CPU2000 latches it.  Data is latched on the falling edge of DSACK which is defined inside the FPGA by the states of the delayed _HRDY and CS9. See Figure 4 for timing details. 
For more detailed information on the Host Port interface refer to the Peripherals Reference Guide “SPRU190” or the Host Port to MC68360 Interface Application Note “SPRA545” on Texas Instruments web site.  

Timing analysis for a write to DSP by CPU2000. This Analysis is for a CPU write when DSP is not ready (_HRDY goes high)
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Write To DSP by CPU2000

t0 : 20n > t > 0

: Propagation time for CS to reach the DSP

t1 :  9ns >  t  > 1ns
: Time from CS going active at DSP until HRDY goes high.

t2 :  32 WS  > t > 0
: Time that DSP is not ready for a read.  If this signal is longer then 32 CPU wait 
  states the CPU2000 will crash with a fatal bus time-out error.

t3 : 60ns  > t > 20ns
: Time Between DSACK goes low and CS9 goes high at CPU
t4 : 139n > t > 111n 
: Time after _HRDY goes inactive at the FPGA until DSACK goes Active and 

modified CS9 goes inactive.  Delay is added in FPGA machine to ensure time   for CPU data to propagate through propagation delays to the DSP before it is latched by the DSP for a short HRDY pulse.

t6 : 16n > t > 0

 :Data delay back to the CPU2000 from the DSP

t7 :  32WS > t >1WS
:CS width is less then a read cycle with 32 wait states but will always have a 

  minimum of 1 wait states. 

t8 :  t7 – t3

:CS9 at DSP is shortened by a minimum of 20 nsec to ensure stable data on a 

Timing analysis for a read from DSP by CPU2000. This Analysis is for a CPU read when the DSP is not ready (_HRDY goes high)
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Read From DSP by CPU2000

t0 :  20ns > t > 0

: Propagation time for CS to reach the DSP

t1 :  9ns >  t  > 1ns
: Time from CS going active at DSP until HRDY goes high.

t2 :  1.28us  > t > 0
: Time that DSP is not ready for a read.  If this signal is longer then 32 CPU wait 
  states the CPU2000 will crash with a fatal bus time-out error.

t3 : 60ns  > t > 20ns
: Time Between DSACK goes low and CS9 goes high at CPU
t4 : 139ns > t > 111ns 
: Time after HRDY goes active until DSACK goes Active. Delay added in 

  FPGA machine to allow DSP data to propagate through delays back to 

  CPU2000 before it is latched by the CPU2000.

t6 : 16ns > t > 0

 :Data delay back to the CPU2000 from the DSP

t7 :  32WS > t >1WS
 :CS width is less then a read cycle with 32 wait states but will always have a 

  minimum of 1 wait states. 

Figure 4  DSP Host Port Write and Read Timing Diagram
The DSP is not 5 volt logic tolerable, so all Host Port control lines are brought through the Personality FPGA for both I/O voltage level conversion and some basic implementation of logic.  The Host Port and FPGA data bus is brought through a level shifting transceiver to also satisfy the DSP 3.3 volt I/O requirements.  The Transceiver is enabled by ether FPGA CS (5) or DSP CS (9) and direction is set by the CPU2000 R/W. To minimize the chance for bus contention the R/W line for the DSP is level shifted using a AND gate from the same package as the AND gate used for CS5 AND CS9 logic.  Figure 5 illustrates the Host Port implementation on the Personality Board.
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Figure 5  DSP Host Port Connections
4.1.2 Multichannel Buffered Serial Port (McBSP) TO CPU2000

The second data interface between the CPU2000 and the DSP is via the Multichannel Buffered Serial Port (McBSP).  There are two McBSP interfaces available on the TMS320C6713, one is used for this interface to the CPU2000 while the other is used for Reference Compensation and will be discussed later.   The DSP McBSP is configured in SPI mode as a slave for the CPU2000 interface. The DSP SPI protocol is a 4-wire interface composed of DSP serial data in (BQSPI_DOUT), DSP serial data out (BQSPI_DSP_DATA2CPU), shift clock (BQSPI_CLK), and an active low slave enable (_BQSPI_DSP_CS). The FPGA is used for I/O voltage level conversion and some basic logic for the SPI.  
The SPI provides a slower means of communication with the DSP.  It is useful for communicating methods to the DSP such as exposure times or sample rates. It also will be useful for communicating address locations and PDA temperature data.  These communications through the SPI will help to leave the high bandwidth of the Host port available for passing larger data sets.  Figure 6 illustrates the SPI connections and logic between the CPU2000 and the DSP.  The SCLK active edge and polarity must be set to match for both the DSP and the CPU2000 for reliable data transfers.  For more detailed information on the McBSP configured as a SPI refer to the Peripherals Reference Guide “SPRU190” on Texas Instruments web site.  
It is important that the SPI Polarity and Phase bits are set properly on both the DSP and the CPU2000.  This ensures that the data is changed and read on the proper edge of SCLK.  For the CPU2000, CPOL should be set to a low and CPHA should be set to low.  The DSP should have CLKSTP set to 11b and CLKXP set low.

CPU2000

 
CPOL = 0   &  CPHA = 0

DSP 6713   McBSP1 Control Registers 

	SPCR
	PCR
	SRGR
	RCR

	0x03e01801
	0x00000108
	0x20000001
	0x00040040
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Figure 6  CPU2000 to DSP SPI Interface
4.2 DSP TO CHARGE AMP INTERFACE
The DSP functions with the Charge Amp board can be broken down into two significant interfaces.  The two interfaces include the Photo Diode Array (PDA) interface and the Reference diode interface.  The FPGA is used with the interfaces to provide required glue logic between the DSP and Charge amp.  I/O voltage logic level problems and isolation problems are addressed by the galvanic isolators on the personality board.  The two interfaces both share the same 50 pin connector and ribbon cable for a method of signal transmission between the two boards. 

4.2.1 PHOTO DIODE ARRAY (PDA) TO DSP INTERFACE
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Figure 7  PDA Data Path to DSP
The DSP interface with the Charge Amp PDA includes some control lines and a 8 bit parallel interface as illustrated in figure 7.  The two control lines, PDA_START and SEL_EN_DSP, are for setting exposure times and selecting active pixels on the PDA.  The interface also uses the DSP External Memory Interface (EMIF) for the parallel communication between the PDA A/D (AD7679) and the DSP.   Only eight of the sixteen EMIF data lines are used for reading 18 bits of A/D data to minimize ribbon cable size and galvanic isolator count.  The parallel interface includes two address lines and a chip select signal that are all controlled by the DSP EMIF and the FPGA read state machine.  The Charge Amp performance spec “810000149”, the DSP Peripherals Reference Guide “SPRU190”, along with this brief bullet description of the PDA interface should all be used to understand this interface and how it should be used. 
· DSP sends PDA_START Pulse that initiates a PDA scan.
· PDA_START Pulse activates a state machine in the CA PLD to control some CA switches and drive PDA A/D Convert pulses.  The CA PLD state machine scans through all 512 PDA pixels + 3 dummy pixels after a PDA_START pulse. Each pixel has 2 conversions, one for Error and the other for Signal.
· PDABusy signal from A/D is active during each A/D conversion. After a conversion is complete and PDABusy goes inactive and the FPGA is interrupted leading to the initiation of a 18 bit read from A/D.  
· The 18 bit read from the CA A/D (AD7679) is performed with three 8 bit reads using the Personality FPGA as buffer memory before the EMIF performs its read from the FPGA.  The DSP uses its DMA to manage the three reads and place the 18 bit value in its memory.  The FPGA Buffer memory is required between the DSP and A/D to allow the EMIF to read at a optimal rate.  The DSP EMIF CS (_CE_ADC_PAR_READ) has multiple active states and the DSP EMIF read strobe (_COLUMN_STRB) has three active strobes.  The timing diagram is illustrated below in figure 8.  
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Figure 8  DSP EMIF To PDA A/D Parallel Data Read Timing Diagram
· The PDABusy signal is not only used just for interrupting the FPGA when a 8 bit read is ready, but it is also used for maintaining a count so the DSP can identify each 18 bit read with the correct pixel number.
· The DSP must subtract the ErrorX 18 bit reads from (ErrorX + SignalX) 18 bit reads to perform true double correlated data. For example, after a PDA_START:
Read 2 (signal + error) – Read 1 (error)= Dummy Pixel 2 double correlated data 

Read 4 (signal + error) – Read 3 (error)= Dummy Pixel 3 double correlated data  

Read 6 (signal + error) – Read 5 (error)= PDA Pixel 1 double correlated data 

Read 8 (signal + error) – Read 7 (error)= PDA Pixel 2 double correlated data  

Read 10 (signal + error) – Read 9 (error)= PDA Pixel 3 double correlated data 




to
Read 1028 (signal) – Read 1027 (error)= PDA Pixel 512 double correlated data 

It should be noted that the CA PLD state machine does not send out the signal and error for dummy pixel 1.
· When the selective access PDA is used, the SEL_EN_DSP signal from the DSP is used to select what pixels are active for any particular scan.  PDA pixel n+1 is selected if SEL_EN_DSP is set low within 3 usec after PDABusy goes high for “Error n” read. See Figure 9.  The 3usec timing is set by state machine on CA PLD.
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Figure 9  PDA Select control Timing Diagram
· When all 1028 reads are completed the DSP must process the data and must also be ready to send the next PDA_START pulse which determines the exposure time of PDA by starting the next scan of all 1028 PDA pixels.  What method of filtering to use and what sample rates to use is out of the scope for this document.  Refer to Charge Amp performance spec “810000149” for more detail. 
4.2.2 DSP TO REFERENCE DIODE INTERFACE
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Figure 10 Reference Diode Data Path to DSP
The DSP to Charge Amp Reference Diode interface is used to retrieve data from the reference diode A/D on the Charge Amp (CA) board.  The interface is also used to control exposure times using the DSP control signal REF_START.  REF_START is used in both the Personality FPGA and the CA PLD to keep the entire reference compensation function in sync.  The REFSTART signal lets both Personality and CA state machines know when the start of the next reference diode exposure begins.  The interface also determines what the sample rate is of the reference diode by when a DSP serial read of Personality FPGA accurse.  This is different from the PDA data interface because the DSP reads reference data at sample rate rather then exposure rate.  

More information on the Sample rate selection will follow later in this section. The Reference diode interface with all signal names are illustrated in figure 3. 
The DSP and Charge Amp Reference Diode interface is accomplished using two serial interfaces.  The Personality FPGA is used as both the Master of an 18 bit serial interface with the CA A/D and it is also used as the slave for a 32 bit serial interface for the DSP (Figure 10).  The DSP does not directly read the CA A/D.  The DSP reads a FPGA register ACC_REG were the A/D values are stored using a FPGA SPI state machine.
The DSP to FPGA serial interface should have the DSP configured as the master.  The DSP reads a 32 bit accumulator register in a FPGA state machine.  The Personality FPGA state machine register was used in this interface rather then directly reading the A/D to off-load the DSP by reading once per sample time rather then twice for every exposure.  A sample set is made up of a larger number of summed double correlated exposures. This means we get a savings in both a much less frequent read requirement and fewer calculations by the DSP.  The DSP calculation count is reduced due to the adding of exposures is performed in the FPGA. As sample time increases or exposure time decreases the savings from the FPGA machine gets 
more significant.
It is necessary to provide the MSB of the 32 bit register as a flag bit.  This will identify if the reading is made up of all valid 18 bit exposure readings.  This means none of the exposure readings, signals or errors, were saturate in the previous sample set.  This is necessary because the DSP does not directly communicate with the A/D so a saturated A/D read would just be averaged out in the accumulator register and would not be seen by the DSP.  The flag bit is the MSB of the 32 bit accumulator register (ACC_REG). 

The following settings must be set by the DSP to ensure proper serial communications between the Personality FPGA machine and the DSP.  The internal DSP CLKXP bit selects the edge on which data is transmitted and received and it should be set to ‘1’.  This configures the DSP to read serial data on falling edge of CLKX0.  This configuration is necessary to have a valid data transfer with the reference FPGA state machine.  CLKSTP should be set to “11” so that the transition of the first clock edge marks the beginning of data transfer, provided the CS is active. Data transfer is synchronized to the first clock edge.

DSP 6713   McBSP0 Control Registers 

	SPCR
	PCR
	SRGR
	RCR

	0x02CB1801
	0x00000F0A
	0x20000003
	0x000400A0


A DSP read from the 32 bit accumulator register terminates the sample set n and begins the new sample set n+1. Figure 11 illustrates a sample set n with 6 exposures being read by the DSP. The FPGA registers are cleared after the DSP read and the exposures continue to accumulate for the next sample n+1.  A read from the DSP must not be longer then (t0 – ( t1 + t3)).  The read must meet the timing requirements illustrated in figure 11. 

[image: image12.emf]1 2 3 4 5 6

1 2

6

DSP to FPGA:  DSP_SPI_SCLK

DSP to FPGA:  REF_START_EXP

FPGA internal:  REF_START_PULSE

Sample n Sample n+1

t1

t0

t3

DSP to FPGA:  DSP_SPI_CS

t2

t4


Figure 11 DSP to FPGA Reference Diode State Machine SPI Read Timing Diagram
t0: Start period ……….. …………………………………………………………..……………….. 100usec(min)
t1: Rising edge of REF_START_EXP for last exposure in a sample set to falling edge of 

     DSP_SPI_CS…............................................................................................................... 15us   (min) 
t2: Falling edge of DSP_SPI_CS to rising edge of first DSP_SPI_SCLK…........................... 50nsec (min)

t3: Rising edge of DSP_SPI_CS to rising edge of  REF_START_EXP for first exposure in 

     a sample set…............................................................................................................... 
1usec (min)
t4: Max CS period ………………………………………………………………………………..
t0 – [t1(min) + t3(min)]
DSP_SPI_SCLK frequency ….............................................................................................. 50MHz (max)

DSP_SPI_DI serial data bit order….................. .................................................................... MSB first

DSP_SPI_SCLK edge of stable data …............................................................................... 
falling edge

Accumulator register size …................................................................................................. 32 bits

Accumulator over flow flag bit…........................................................................................... 
MSB – 1

A/D Saturation Flag bit…...................................................................................................... MSB
The second serial interface is for acquiring CA A/D data by the FPGA on the Personality board.  The SPI was selected for the CA to FPGA data transfer to keep the signals over the CA ribbon cable at a minimum. This Interface transfers 18 bits of data at two reads per exposure.  This exposure rate is set by the REF_START signal generated from the DSP.  The two reads per exposure is to perform true double correlated readings.  The first read holds reference signal while the second read holds reference errors.  The difference of the two is the corrected signal and it is this value that is added to the accumulator register where it awaits for the DSP to read it.  The FPGA is set as the Master for the CA to FPGA interface and uses an extensive state machine to accomplish the 18 bit reads.  The “Accumulator” state machine and registers are all generated using VHDL.
The Personality FPGA state machine has three registers (Figure 12).  The SIG_REG and ERR_REG are filled by the serial communication between the FPGA and A/D.  These two registers are written to at exposure rate for the signal and error A/D reads. The third register is the 32 bit Accumulator register.  The signal register is added to the Accumulator and the error register is subtracted from the accumulator register for every exposure.  This provides us with our double correlated result in the accumulator register.  The process is repeated until the end of a sample period is reached. The state machine knows when the end of a sample period is reached by when the DSP reads the accumulator register as discussed earlier. After a read by the DSP all of the three registers are cleared and the machine continues reading the next exposures for the next sample set. (Figure 11) 
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Figure 12 FPGA Reference Accumulator State Machine Registers
The FPGA “Accumulator” state machine generates the control for reading signal and charge injection error values from the charge amp reference A/D.  The state machine is fully described in the below figure 13 and text.  The individual state durations are also listed.  The clk frequency is 36MHz.  Figure 3 can be used for signal name locations in the interface.
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Figure 13 FPGA Reference Accumulator State Machine Flow Chart
State 0 
Waits for "REF_START_EXP" pulse and for the "AD_BUSY" pulse to both go high. The " START_REF" pulse going high starts a state machine on the charge amp that generates the convert pulse to the A/D. When the first of two (SIG & ERR) convert pulses goes high, it invokes the A/D to drive the "AD_BUSY" pulse high. The length of time in this state 0 is determined by how long the " START_REF" signal period is. " START_REF" is controlled by the DSP timer out and is coordinated with the PDA exposure time so both exposure times are integer multiples of a system sample rate.
State 1 
This state is a decision state to see if this exposure might be the last of a series in a sample time. The end of a sample time is determined by a serial read of the ACC_REG. If no serial read has been performed since last exposure time, then this can not be the last exposure, so ACC_REG = ACC_REG - ERR_REG. If there has been a serial read since the last exposure then the last exposure has already been read, so reset "ACC_REG" with first error of the next sample set.  The monitoring of a DSP serial read and "LAST_EXPOSURE" signal is done in the "endofsample” FPGA VHDL process.  The subtraction has the whole 1.5usec of (signal) A/D conversion time (state 2) for the subtraction to ripple through.   The subtraction needs a minimum of (32 bits x 15nsec)= 480nsec of ripple time before the result is stable and before ACC_REG can be read or written to by the FPGA state machine.
State 2  
Waits for "AD_BUSY" to go low indicating the charge amp A/D finished its (signal) conversion. The conversion time is 1.5 usec for the AD7679 A/D used on the charge amp.               
State 3 through state 9 

Performs an 18 bit serial read of signal data. The FPGA Accumulator state machine generates the CS and SCLK needed to read the A/D.  Data is written to REFSDATA_ISO by the A/D on a rising edge of REFSCLK_ISO. Because of the propagation delays generated by the isolators, to maintain a high data rate data is latched 138.9nsec after the rising edge of REFSCLK.  This allows faster data rate to be accomplished without slowing down SCLK.  Our SCLK period is also 138.9nsec, this means data is being written to and read from on the same rising edge of SCLK. However the REFSDATA is delayed a minimum of 43nsec, see t8(min) on Figure 14. This means we have a minimum of 43nsec of data hold time.  The minimum REFSDATA setup time at the FPGA is  t4-t8(max) = 21nsec.  Because we are using the propagation delays generated by the isolators it is important that they must not be removed from the interface without recalculating timing. Also, it is important that the 28AWG 1mm flat ribbon cable to the Charge Amp board does not exceed 12 inches in length to minimize added load capacitance to the Galvanic Isolators.
The current configuration takes 93 machine states or 2.58uses to complete an 18 bit read.e A/D. 
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Figure 14 FPGA to CA Reference A/D SPI Timing Diagram
t1 = 2 machine clocks = 55.6nsec

t2 = 5 machine clocks = 138.9nsec

t3 = 93 machine clocks = 2.58usec

t4 = 5 machine clocks = 138.9nsec

t5(max) = 50nsec of prop delay on SCLK to CA A/D (galvanic isolation) 

t5(min) = 20nsec of prop delay on SCLK to CA A/D (galvanic isolation) 
t6(max) = 50nsec of prop delay on SCLK to CA A/D (galvanic iso) + 18nsec of A/D data setup time = 68nsec

t6(min) = 20nsec of prop delay on SCLK to CA A/D (galvanic iso) + 3nsec of A/D data setup time = = 23nsec

t7(max) = 50nsec of prop delay on SDATA from CA A/D (galvanic isolation)
t7(min) = 20nsec of prop delay on SDATA from CA A/D (galvanic isolation)
t8(max) = total loop delay = 118nsec

t8(min) = total loop delay = 43nsec
State 10 

Now that we have signal located in SIG_REG it must be added to the 32 bit accumulator register ACC_REG = ACC_REG  + SIG_REG.  The addition has the whole 1.5usec of (error) A/D conversion time (state 12) for the addition to ripple through.   The addition needs a minimum of (32 bits x 15nsec)= 480nsec of ripple time before the result is stable and before ACC_REG can be read or written to by the FPGA state machine. 
State 11 
Waiting for the start of the next convert pulse from the charge amp PLD state machine to initiate an A/D read for the (error) value. This state will end when the AD_BUSY pulse goes high.  This busy pulse is the start of an error conversion and it is the second of two busy pulses per reference read (signal & error).   This error read holds the reset opening charge injection error for the next reference exposure and should be   subtracted from the next signal to properly perform double correlated sampling.   
State 12 

Waits for “AD_BUSY” to go low indicating the charge amp A/D finished its (error) conversion. The conversion time is 1.5 us for the ad7679 A/D used on the charge amp. 

State 13 through state 19 

Performs an 18 bit serial read of error data. The only difference between these states and machine states 3 through 9 is that this read is for error data and it is stored in ERR_REG.  refer to states 3 through 9 for a complete description.

State 20 
Set saturation bit to “1” if register ERR_REG or register SIG_REG are saturated  
State 21
This state waits for the falling edge of the reference Start pulse.  After the Start pulse goes low the current state becomes State 0.    
4.3 DSP TO EXTERNAL MEMORY INTERFACE (EMIF)

The interface between the DSP and the external 4Mx16 166MHz SDRAM is a completely glueless interface.  The interface uses the DSP EMIF chip enable zero for communicating to the SDRAM.  This interface has very little board specific features so further information can be found in the DSP Peripherals Reference Guide “SPRU190” on the EMIF. 
It is possible to perform a BOM change on a SDRAM address line resistor to allow for a SDRAM of twice the memory size to be used if required.  See schematic 710000250 for resistor reference numbers.  

The EMIF is also used for acquiring data from the Charge Amp PDA A/D.  Eight bits of parallel data is used with EMIF chip enable one (CE1) for reading the PDA data at exposure time.  Each A/D sample requires 3 eight bit reads to capture all 18 A/D bits. The eight data bus lines are isolated from the CA with galvanic isolation also a 8 bit AHC541 buffer is placed close to the DSP so all of the external memory communications data bus noise is minimized during a memory access.  Section 4.2.1 explains how the EMIF is modified in the FPGA to be used with the CA A/D.  
4.4 OTHER DSP INTERFACES

4.4.1 DSP SYSTEM CLOCK

The DSP uses a 36.000 MHZ 3.3v HCMOS SMD oscillator for the DSP system clock.  The oscillator has a frequency stability specification of +/-100PPM.  The oscillator is also used to drive all of the FPGA state machines. The frequency value was selected to maximize the integer number of exposures to make up a sample rate. Extensive calculations were performed to select this frequency. (Figure 3)
4.4.2 DSP TIME STAMP CLOCK
The FPGA generates a 500 Hz clock off the same 36MHz clock used by the DSP.  The 500Hz clock is routed to the DSP external interrupt 7 I/O pin where it is used by the DSP for a time stamp clock that manages the DSP mutl-tasking. (Figure 3)
4.4.3 NEW INJECTION INTERRUPTS
The FPGA has logic for the CPU2000 to select what events triggers the DSP for a new injection.  The CPU2000 can select any of the four event inputs, IEEE trigger, or a TPU channel to trigger the DSP external interrupt 6 I/O pin.  This trigger synchronizes the DSP and CPU2000 on the start of a new injection. The DSP sets its run clock to zero and retrieves new reference values from the CA upon receiving this trigger.  
The description for how the trigger type is selected by the CPU2000 can be found in the FPGA description part of this specification document. (Figure 3)
4.4.4 DSP DEBUG I2C PORT

The DSP has an I2C interface that is available for debugging.  The I2C interface can be configured as a Command monitor on a PC with the use of a purchased I2C to USB converter. 
5 FPGA FUNCTIONS

5.1 FPGA LOGIC

The FPGA used on the 2998 Personality board is the ACEX EP1K30QC208-3 2.5V 30K gates 208 pin PQFP package.  This is an Altera part and was selected for its 3.3 volt I/O which can be driven from 5 volt logic.  This FPGA can also drive 5 volt logic with the proper pull up or level shifting buffer.  The part was also selected for its large logic cell count and flat pack package.   

FPGA Functions:  
1. Address decode and Write/Read registers





2. Filter wheel drive control





3. Clock divide down





4. IEEE R/W decode





5. QSPI control





6. DSP to Host Interface buffering and logic




7. FPGA 500Hz clock generator for DSP





8. CA Reference compensation State Machine 




9. PDA A/D control logics State machine 




10.DSP Inject Trigger select




11. DSP reset machine


5.1.1 FPGA ADDRESS DECODE AND WRITE/READ REGISTERS

The FPGA provides all Personality board functions to be I/O mapped to a bank of FPGA registers.  The Address decode requires 5 address lines, CS, R_W, and a clock used for generating a write strobe.  If the CPU wants to read a FPGA register the address decode simply decodes the address and uses CPU CS 5 to strobe selected read register data. The CPU latches data on the rising edge of CS 5.   However a CPU write is a little different.  Due to the architecture of the CPU2000 it is required to create a strobe pulse within the CS during a CPU write (Figure 15).  Delays generated by drivers on the data and address bus make it necessary for this modified write strobe.  It must be guarantied that data is valid at the rising edge of a write strobe.  The data and address drivers are necessary because the CPU resides on a separate PCB.
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Figure 15 Chip Select Strobe Timing Diagram
The write/read registers are each 8 bits wide. They are accessed via CS5 with offset of 0x00000 through 0x000017.  The following table lists each registers description, offset address, type, and default values.
	CS  5 Memory map
	 

	Reg Type
	Offset
	Description
	Reset State 

	WRITE
	0x00000
	N/A
	N/A

	WRITE
	0x00001
	led bus
	XXXX XXXX

	WRITE
	0x00002
	DSP Reset
	XXXX XXX0

	WRITE
	0x00003
	leak detector
	XXXX XXXX

	WRITE
	0x00004
	software loops
	XXXX XXXX

	WRITE
	0x00005
	pwr/status/evnt out
	XX11 XX11

	WRITE
	0x00006
	filter wheel/shutter
	XXX1XX00

	WRITE
	0x00007
	lamp control
	0000 0000

	READ
	0x00008
	IEEE address
	N/A

	READ
	0x00009
	FPGA version
	N/A

	WRITE
	0x00010
	DSP Interrupt Level Select
	N/A

	WRITE
	0x00011
	DSP Interrupt Enable
	XX00 0000

	WRITE
	0x00012
	QSPI Enable Register
	XXXX XXX0


Table 29 Chip Select 5 Memory Map
5.1.2 FPGA FILTER WHEEL DRIVE CONTROL

The Filter Wheel uses four channels of the TPUBUS configured as a half step drive (TSM function). The four TPUBUS channels are brought into the FPGA and used to drive a FPGA state machine that converts the four TPU channels into pulse and direction signals.  These two signals are necessary to control the Allegro 3977 driver in a Micro-Half Step drive

5.1.3 FPGA CLOCK DIVIDE DOWN 

The FPGA provides a clock divide down. The FPGA divides down the system clock by 16 to provide a 2.25 MHz clock to the Personality boards system A/D.
5.1.4 IEEE R/W DECODE 

The FPGA converts the CPU R_W signal into both an active low read and active low write signal.  These two read and write controls are enabled within the FPGA by the IEEE CS.  They are output to the IEEE 488.2 talker/listener ASIC.

5.1.5 QSPI DECODE AND BUFFERING

The CPU passes its QSPI signals through the FPGA for CS decoding and buffering.  The four QSPI chip selects are decoded for communication to a maximum of 16 peripherals. The five QSPI devices used on this personality board are decoded in table XX.

Some of the Data In lines from SPI devices are not tristated due to buffers so the FPGA selects what data the CPU QSPI interface is reading by using a mux.  The control for the mux is driven by the active SPI CS.  This FPGA multiplexing is done so two devices will not be driving the same data line.  
All QSPI communications to Personality devices are disabled until register 0x500012 is written to.

5.1.6 DSP TO HOST INTERFACE BUFFERING AND LOGIC 

The FPGA provides buffering and some glue logic between the CPU2000 and the DSP.  The buffering provides design flexibility and more importantly voltage level shifting.  The DSP cannot tolerate the 5 volt cmos drivers on the CPU2000 so the 3.3v ACEX FPGA acts as level shifting for the signals from the CPU2000.  The Host port interface also modifies the external data strobe DSACK to extend data setup time to ensure valid data on a CPU2000 read and write.  More information on the DSACK machine can be found in section 4.1.1.
5.1.7 FPGA 500 HZ CLOCK GENERATOR FOR DSP

The FPGA generates a 500Hz clock for the DSP to use as a system heartbeat and data timestamp.  The clock is generated by counting 36000 of the 36MHz clock periods.  This generates a 1KHz pulse that is then run through a DFF to give it a 50% duty cycle and output frequency of 500Hz.
5.1.8 REFERENCE COMPENSATION STATE MACHINE

The Reference Compensation machine generates the control for serial reading signal and error values from the charge amp reference A/D.  The machine also provides a running sum of (signal - error) exposures and stores them in an accumulator register where the DSP uses a second serial interface to retrieve the summed data. The FPGA off-loads the DSP by allowing the DSP to read once per sample time rather then twice for every exposure.  A detailed description of the machine can be found in section 4.2.2.
5.1.9 PDA A/D CONTROL LOGICS STATE MACHINE

The 18 bit read from the CA PDA A/D (AD7679) is performed with three 8 bit reads using the FPGA and storing in FPGA memory.  The DSP External Memory Interface (EMIF) then is capable of reading data from FPGA at a fast access time.  The FPGA buffer between the DSP and A/D allows the DSP DMA to be free for other DSP applications.  A detailed description of the FPGA state machine and timing can be found in section 4.2.1.

5.1.10 DSP INJECT START TRIGGER SELECT
The FPGA has logic for the CPU2000 to select what events trigger the DSP for a new injection.  The CPU2000 can select any of the four event inputs, IEEE trigger, or a TPU channel to trigger the DSP external interrupt 6 I/O pin.  Figure 16 illustrates the logic used with the control signals found in the two FPGA write registers 0x00010 (Table 10) and 0x00011 (Table 11).   Write register 0x00010 controls if positive or negative logic is used for the six input triggers (activity level) and write register 0x00011 controls enabling the six input triggers.  These two registers should be written to once after method of triggering DSP is decided and then the two registers do not need to be refreshed until next power cycle.  See tables 10 and 11 for bit descriptions.
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Figure 16 DSP Trigger Select Logic
5.1.11 DSP RESET MACHINE

The DSP requires a reset pulse of 100nsec minimum.  The host port data bus state, during the rising edge of the DSP reset line sets the Boot and device configuration.  The Host port data bus is pulled into the proper state so if the bus is left tristated during a reset the DSPs mode will be configured properly.
The DSP reset machine is used to send a reset to the DSP (Figure 17).  The machine is used to ensure a valid reset is sent to the DSP.  
A DSP reset can be commanded by performing a write to address location 0x00002 in CS  5.  The CPU2000 can write a 0X41 to the register to initiate a DSP reset sequence.  After a DSP reset command is sent it is important not to perform any CS9 reads or writes for a period of 1usec.  This gives the reset machine time to send a valid reset.     
The DSP reset has the restriction that chip select 9 activity should not be present for 1usec after a reset command is sent.  This is why the DSP reset should be sent as early as possible in the boot up sequence.  
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Figure 17 DSP Reset State Machine Timing Diagram
6 CIRCUIT FUNCTIONAL DESCRIPTION
6.1 FPGA JTAG

JTAG is used for Programming the FPGA on the personality card.  The FPGA is a SRAM part and needs to be reprogrammed following every power-up.  This JTAG port was implemented only for initial debug of this design because on the final design software will program the FPGA with a downloaded RBF file. This JTAG connector will be removed from the final BOM but the connector pads will remain on the artwork.

6.2 SOFTWARE JUMPERS

The software jumper logic resides on the CPU2000 but its Header is place on the personality card.  The software jumpers provide a means for Software to implement different versions of code upon power-up.  For more information see the CPU2000 Performance spec.

6.3 LOGIC BEEPER TO ALERT OPERATOR

Audible Frequency-
2150 Hz

Sound Level-
85 dB @ 10cm

IRQ -
7

Enable Signal -
MODCK (active low)

An audio transducer is used to generate audible feedback and alarms in this design.  The transducer has a built in oscillator that allows for direct voltage operation.  The tone generated is at a 2150 Hz frequency.

Setting _IRQ7 low activates the audio transducer.

6.4 PRODUCT ID

CS -



10

CS Offset -


0x0C0000

Register Type -


READ

Read the Personality board ID using only Word or Byte reads. The Product ID should read Hex 0F.  
6.5 VERSION ID

CS -



5
CS Offset -


0x000401
Register Type -


READ

The 2998 Personality Version ID should read Hex 02.  Version ID is identify any stuffing or board changes to software.
6.6 POWER SUPPLIES

VCC Minimum Load Current -

1Amp

The power supply connector has optional PCB zero ohm resistors that allow for the connection of analog ground, remote ground and digital ground or any combination.

A digital VCC logic supply is required to supply 5 volts with a voltage tolerance of less than +-5 % to the Personality PCB. This supply is also regulated to 3.3v and then routed to the Charge Amp PCB and is named the VCC_CA supply.

The +15 VDC and –15 VDC supplies are used primarily for analog supplies.

The 24 VDC supply is used for the filter wheel.

	Power Supply Voltage
	Fuse Value in Amps
	Personality Board  Current Draw

	VCC (+5 VDC)
	2.0
	.65A

	RMTVCC (+5 VDC)
	2.0
	CA Dependent

	+15 VDC
	None
	<.05A

	-15 VDC
	None
	<.05A

	+24 VDC
	2.0
	.35A max


Table 30  Pcb Fuse List

6.7 REGULATED SUPPLIES
PERSONALITY ANALOG VOLTAGES, +14, -14,+5 

The Personality PCB requires three analog voltages with their own analog ground isolated from digital ground and tied together only at the power supply. The three analog voltages are +15, -15, and +5. The 5v analog voltage is generated on the Personality PCB using linear regulator.  The +/- 15 volt supplies are directly from the 2998 Condor GPC80E power supply.
The Personality board also uses the +/-15 volts from the Condor supply to regulate a clean +/- 14 volts for the Charge Amp board. Special care was taken to isolate these clean supplies from all other supplies on the board.
PERSONALITY DIGITAL VOLTAGES, VCC (+5), VCC_3.3, VCC_2.5, VCC_1.2
The VCC supply is generated directly from the 2998 Condor GPC80E power supply. VCC is used for all of the 5 volt logic devices and uses the digital ground plain (GND) for return currents to the supply.  There is a 1 amp minimal load requirement for VCC given by the Condor GPC80E power supply specification.   A set of two 22 ohm resistors are added to meet the 1 Amp minimum load requirement.
The VCC_3.3 regulated supply is used for the digital 3 volt logic devices and I/O driver pins of the DSP and FPGA.  The two supplies VCC_2.5 and VCC_1.2 provide power for the FPGA and DSP core supplies.  All three of the digital regulated supplies use the same digital ground plain (GND) for return currents and also use the same type of TI regulator (TPS54310).
The TPS54310 low-input-voltage high-output-current synchronous-buck PWM converter is a member of the TI SWIFT family of dc/dc regulators. The TPS54310 features a true, high performance, voltage error amplifier that provides high performance under transient conditions; an undervoltage-lockout circuit to prevent start-up until the input voltage reaches 3 V; an internally and externally set slow-start circuit to limit in-rush currents; and a power good output used for DSP reset and supply sequencing.  The supply sequencing is performed by using power good signals from the two core supplies to enable the VCC_3.3v supply.  This allows for the proper power up sequencing and also disables VCC_3.3 supply in the event of a DSP or FPGA core supply failure.  All three regulators were designed to provide a maximum RMS current of 1.5 amps.
6.8 VOLTAGE REFERENCES 2.5 V AND 0.106 V

The Personality PCB requires two analog voltage references.  Both of these references are tied to Analog Ground (AGND).  The analog voltage references are 2.5 V AND 0.106V.  The voltage references are generated on the Personality PCB using a LT1236 5V voltage reference and two resistive divide downs. Each voltage reference is buffered by a LT1368 op-amp in the voltage follower configuration.  The LT1236 is noticeably affected with direct temperature changes so some precautions must be taken in placement to minimize errors.

6.9 LEAK DETECTOR

Connector - 

096-03  

Voltage -

VCC

CS -



5

CS Offset -


8
Register Type -


READ
Sys ADC


Ch = D7
Theory of Operation

The leak detector consists of an infrared LED and Phototransistor together with a prism. The prism is a cylindrical glass rod with a wedge or cone machined onto one end and flat polished surface on the other end. The wedge is the prism of choice at the moment, but testing is ongoing. The LED and phototransistor lie side by side on flat end of prism, directing light along axis of rod.  

The angle of wedge is chosen such that it is less than the critical angle for totally internally reflection, governed by the two mediums glass and air.  In this case all of the light rays from LED will reflect off the wedge surface and return to the phototransistor in the absence of liquid. If the wedge comes into contact with a liquid, then the critical angle(for glass to water) drops below the wedge angle and all light passes thru the prism. All of the light rays will travel thru the glass into the liquid, with virtually no light returning to phototransistor. the phototransistor will never turn on in this case.
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LEAK DETECTOR CIRCUIT and Interface DESCRIPTIONS

The Leak detector consists of an LED and a Phototransistor on a small 5/16 inch diameter pcb.

The interface circuit consist of : 1) LED  Interface – the anode is connected directly to VCC and the cathode is connected to a 150 ohm resistor to ground. The operating current is normally 23 ma. The Voltage across the LED is used to sense that the leak detector is connected.  2) Phototransistor Interface – the collector of the phototransistor is connected directly to VCC and the emitter is connected to a 5K ohm resistor to ground. The voltage across the resistor is connected to a low pass filter and then to an A/D for voltage measurement. The A/D should read close to 4.7 volts for no leak and with leak the signal should drop to < 1 volt.  The System ADC is used to measure the Leak Detectors voltage.  The memory mapped signal _LK_DET_PRESENT can be used to determine if the leak sensor is connected to the Personality board.
6.10 SOFTWARE LOOPS

Connector type - 


074007

CS -



5

CS Offset -


4

Register Type -


WRITE

Register Signals -

SFREG0





SFREG1





SFREG2





SFREG3





SFREG4





SFREG5






SFREG6






SFREG7

The software loops were implemented only for initial debug of this design.  The software loops gives the ability for software to write any particular bit of the DATA bus to a 10 pin header.  The header includes the 8 high bits of DATA bus plus VCC and GND.  This Header will be removed from the final BOM but the connector pads will remain on the artwork.

6.11 POWER AND STATUS LEDs

Connector type - 


323000425

CS -



5

CS Offset -


5

Register Signals -

STAT_GRN




STAT_ RED
The Power and Status LEDs are a VISTA requirement which includes two Multi-colored LEDs.  The power LED driven with 34.4mA is always on (Green) while power is applied to the unit. The Status LED drive allows for the LED current direction to be selected by writing to the PWR/STAT registers.  Selection of current direction allows for selection of LED color. 
The Status LED also uses 34.4mA for green but 33.1mA for red. Both the Status and Power LEDs are of the same type to allow for similar brightness viewed by user.  The two LEDs are located on the front panel of the detector.


6.12 LAMP SUPPLY CONTROL

Connector type - 

323000514
CS -



5

CS Offset -


7
Register Type -


WRITE

Register Signals -

_LAMP_ON
CS Offset -


8

Register Type -


READ

Register Signals -

_LAMP_LIT

The Lamp Supply interface circuit uses the FPGA to directly control the Hamamatsu high brightness lamp power supply.  There is also a memory mapped read signal named LAMP_LIT that returns the lamps active state to the Personality board.  
6.13 Filter Wheel Motor Drive

	Filter Wheel Drive Spec
	Description

	Driver
	Allegro 3977

	
	DMOS

	
	2.5 Amp Max

	Phase Current
	.521 Amps Nominal 

	Drive One Step Control
	TPU Channels 9, 10, 11, and 12

	
	TPU Channels configured as half-step

	Drive Control
	 CS => 5             offset =>  00006 

	
	Control Signal => _FILTER_WHEEL_HLD

	
	Control Signal => _FILTER_WHEEL_EN


     
Table 31 Filter Wheel Motor Drive Spec

The 3977 is a complete microstepping motor driver with built-in translator. It is designed to operate bipolar stepper motors in full-, half-, quarter-, and eighth-step modes. The translator simplifies the implementation of the 3977 by allowing a single input pulse on the STEP input to move the motor one step and a single DIR input to select direction. There are no phase-sequence tables, high-frequency control lines, or complex interfaces to program. An external hold current circuit uses a resistor divider to reduce the reference voltage dropping the peek current to 31.1% of full value.  This reduced peak current will be used to hold the filter motor with a small current to reduce added heat to the optics bench. The current waveform for the two Filter Wheel motor windings is shown in figure 21. 
The Filter Wheel uses four channels of the TPUBUS configured as a half step drive (TSM function). The four TPUBUS channels are brought into the FPGA and used to drive a FPGA state machine that converts the four TPU channels into pulse and direction signals.  These two signals are necessary to control the Allegro 3977 driver in a Micro-Half Step drive. The filter wheel circuit implementation is designed to be software backwards compatible with a previous 2917 drive implementation.  This means the control still requires all four TPU channels to drive the step pulse. The FPGA state machine will decode the TPU channels to determine the direction and step signals to the 3977 driver. The direction and pulse timing generated by the FPGA state machine is shown below.
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Figure 20 TPUBUS to 3977 Control Decode Timing Diagram
To move the motor Software must write a Hex X2 to register 500006 then begin to cycle through the half step TPUBUS TSM function.  When a desired position is reached Software must stop the TPUBUS then both disable and HOLD the drive. HOLD mode will drop the winding current down to 70.71% Nominal Phase current.  To disable and hold the motor write a Hex X1 to register 500006. When the drive is in hold the TPU channels are free to be used for other functions if required, but it is IMPORTANT to return too the previous last TPU state before enabling the drive for the next filter wheel move.
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Figure 21 Filter Wheel Micro-Half Step Phase Current Waveforms

6.14 TWO EVENT OUTPUTS
CS -



5

CS Offset -


5
Register Type -


WRITE

Register Signals -

EVENT_OUT1




EVENT_OUT2
Type -
Contact Closure

Voltage -
±30 Volts

Current, Switching -
.5 Amp

Current, Carry -
1.2 Amp

Interface type -
Pluggable terminal strip on back of unit

The event outputs are normally open relays.  Writing a “one” to the signal EVENT_OUTX performs a Relay closure.   During a power-up the relays will be open
6.15 FOUR EVENT INPUTS 

Register Type -


READ

Access -

TPUBUS

Functional Names -

Auto Zero 
TPUBUS(3)

Chart Mark
TPUBUS(4)

Inject Start
TPUBUS(5)

Lamp on/off
TPUBUS(6)

Input Voltage -

±30 Volts maximum

Low Input Voltage

<1.7 Volts

High Input Voltage

>3.2 Volts

Input Filter

RC with t = 10 msec

Type - 

Comparator with state change latching

Interface type -

Pluggable terminal strip on back of unit 
Four event inputs are included in this design.  All events are the standard Waters implementation.  The TPU is used to latch and notify the CPU2000 of event inputs.  The polarity of the event inputs is programmable.  

All the event inputs and outputs are accessible through the back panel of the 2998 via a Pluggable Terminal Strip.  
6.16 TWO ANALOG OUTPUTS

QSPI CS - 


See table 22
Resolution - 


20 Bits

Output Range -


-.106V to +2.106V

There are two bi-polar analog outputs with a 2998 voltage range from -.1059V to +2.1206V. The    .1059mV of headroom is for software offset adjustments that are used for zeroing out a third party data system.  Each Analog output has a selectable filter that can be set by external register CS5 offset 0x0001A.
The 20 bit DAC used in each analog output is a Burr-Brown DAC1220.  The DAC was chosen for its high 20-bit resolution. The DAC however needs a special interface designed for use with the QSPI.  This design lies resident in the Personality Board’s FPGA. The interface allows the DAC to be driven by writing to the memory mapped registers shown below. The DAC1220 also has a instruction register which is configured with the FPGA interfacing machine.  See the DAC1220 datasheet for further information.

The FPGA state machine only allows writes to the DAC and a reset is performed only via a power-on reset. These are changes from the original DAC state machine defined in previous detectors.  The functions were removed to minimize logic because software never implemented these functions in the past.

	
	Channel 1 (write)
	
	Channel 2 (write)

	500013
	Instruction Register
	500017
	Instruction Register

	
	
	
	

	500012
	Data DD23 - DD16
	500016
	Data DD23 - DD16

	
	
	
	

	500011
	Data DD15 - DD8
	500015
	Data DD15 - DD8

	
	
	
	

	500010
	Data DD7 - DD0
	500014
	Data DD7 - DD0

	
	
	
	

	
	Channels 1&2  (write)
	
	

	500024
	Start Control
	
	


	Sending Self Calibration mode Channel 1
	
	
	
	
	

	Send
	500013
	500012
	500011
	500010
	
	500024

	Command Reg.
	24
	A8
	A1
	N/A
	
	1

	
	
	
	
	
	
	

	Sending Self Calibration mode Channel 2
	
	
	
	
	

	Send
	500017
	500016
	500015
	500014
	
	500024

	Command Reg.
	24
	A8
	A1
	N/A
	
	4

	
	
	
	
	
	
	

	Sending Data XX XX XX to Channel 1
	
	
	
	
	

	Send
	500013
	500012
	500011
	500010
	
	500024

	Command Reg.
	24
	A8
	A0
	N/A
	
	1

	 Data
	40
	XX
	XX
	XX
	
	1

	
	
	
	
	
	
	

	Sending Data XX XX XX to Channel 2
	
	
	
	
	

	Send
	500017
	500016
	500015
	500014
	
	500024

	Command Reg.
	24
	A8
	A0
	N/A
	
	4

	 Data
	40
	XX
	XX
	XX
	
	4


Note: See Hardware Register Definitions and Burr-Brown Datasheet DAC1220

 TA Table 32 Writing And Reading Analog Output Registers

. 
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Figure 23 Back Panel I/O Events Connector Configuration

6.17 +24 VDC REAR PANEL FAN

Connector type - 


323000323
Voltage -


24VDC

The system cooling fan is a 24 VDC fan which is mounted to the rear panel of the 2998. The fan provides cooling to the Personality PCB, CPU2000 and the Power Supply. The Personality PCB provides 24 VDC to the fan connector. 
6.18 1-WIRE INTERFACE

Connector type - 


323000443
TPUBUS -                      

0,15

Flow Cell and Charge Amp tag interface is based on the Dallas Semiconductor (now Maxim Integrated Products) “1-Wire” technology.  The flow cell “iButton” memory which is attached to a flow cell, is plugged into an iButton holder connected to the 2998.  The charge amp has a populated chip with the same 1-Wire technology wired through the 50 pin cable assembly to the personality board.  The Dallas Semiconductor DS2480B Serial 1-Wire Line Driver provides all of the timing requirements to translate the serial data between the CPU2000 and the iButton.

The serial communication for the DS2480B is implemented using two TPU channels configure as a UART.  
6.19 ADDITIONAL BUFFER MEMORY
CS -



4 (Upper Byte)
CS -



8 (Lower Byte)
Register Type -


READ/WRITE

A 16MByte SRAM memory is configured as 500k x 16 memory and is available as additional Buffer memory to the CPU2000 using word access to CS 8 and CS 4. 

6.20 CHARGE AMP PCB OPTO ISOLATION AND CONTROL

The Charge Amp Interface can be broken down into the following 7 sections.
6.20.1 Clean Analog supplies

P14V 


(1,2)


N14V 


(3,4)


AGND_RMT 

(5,6,7,8)

The two analog supplies are only used on the Charge amp and provide the Charge amp with a clean source of power required for the sensitive circuitry.  The P15V is also used on the Charge amp to generate a 5v supply.  The clean analog supplies should only use AGND_RMT for a ground return.
6.20.2 Clean Digital Supply

VCC_CA   

(12,14,26,28,30)


RMTGND  

(32,34,36,38,40)

The VCC_CA provides the Charge amp with a clean 3.3v supply for all of the low voltage digital logic supplies. RMTGND should be used as a return path for any clean VCC load. This supply is generated using the LM3940 1A regulator.  If required, the personality board is set so that VCC_CA could be changed to 5v with a BOM change.

6.20.3 Dirty Digital Supply

VCC_3.3 

(46,48,50)

GND 


(9,42,44)

Provides VCC_3.3 and GND to Charge amp temperature sensor chip MAX1253.
6.20.4 Temperature Sense Interface

BQSPI_TEMP_DATA2CPU
(43)



BQSPI_CLK_TEMP

(45)



BQSPI_DOUT_TEMP

(47)



_BQSPI_TEMP_CS 

(41)

Provides a QSPI interface to the MAX1253 temperature sensor chip on the Charge Amp.

6.20.5 PDA Converter Interface

AD_DATA_ISO
(7:0)

(18,19,20,21,22,23,24,25)


SEL_EN_ISO


(11)



START_PDA_DSP_ISO

(13)



_READ_PDA_ISO

(15)



A0_BYTE_ISO


(16)



A1_BYTE_ISO


(17)



PDABUSY_ISO


(27)

Provides control to PDA electronics and provides a parallel method of reading PDA data from the PDA A/D on the Charge Amp board. The Select and Start signals drive the Charge amp PLD state machine while the other signals all directly connect to the PDA A/D.
6.20.6 Reference Diode Converter Interface
REFSCLK_ISO


(29)
_REFCS_ISO


(31)
REFSDATA_ISO

(33)
REFBUSY_ISO


(35)
START_REF_DSP_ISO

(37)



REF_RD_ERR_ISO

(39)

Provides control to reference diode electronics and provides a serial method of reading reference data from the A/D on the Charge Amp board. The Start signal drives a Charge amp PLD state machine and the REF_RD_ERR_ISO is unused while the other signals all directly connect to the PDA A/D.

6.20.7 1-Wire Interface 

SERSTORE


(10)
Provides a single wire serial interface between the DS4233 chip on the Charge Amp and the Personality’s Dallas Semiconductor DS2480B Serial 1-Wire Line Driver.
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