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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

The Waters 2440 Evaporative Light Scattering Detector (ELSD) is used to detect materials in the eluent from high performance liquid chromatography (HPLC) and other various chromatography methods such as Micro HPLC, SFC, GPC, and CCC.  Evaporative Light Scattering is a universal technique which can detect any non-volatile analyte.  Detection is not dependent on the absorption characteristics of the solvent; thus solvents which absorb UV radiation can be used.  (SEDERE 1-1)

There are three main steps in the operation of the ELSD.  They are Nebulization, Evaporation, and Detection.  In the nebulization stage, the eluent is converted into a fine mist.  During evaporation, the solvent is vaporized.  And finally, the detector measures the degree of light scattering, which is related to the concentration of the compound of interest. (SEDERE 1-2)

The Waters 2420 consists of 3 PCBs that make up the electronics and are defined as the CPU2000, 2420 Analog Board, and the 2420 Personality Board.  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 boards dependence on the changes which take place in the microprocessor and memory industries. The Personality Board also interfaces with an Analog Front End Board. This analog board converts the detector generated analog signals into digital signals that can be processed in software. The Analog board is isolated from the Personality Board via opto-isolation. Finally, the personality PCB is where the control and sensor electronics exists. Some examples include temperature control, fan control, gas pressure control, event input/output control, display control, keypad control, and PMT gain control.  The following figure illustrates the PCB stack-up and where the 2420 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

	
	

	210000204
	Assembly, 2420 Personality PCB

	710000204
	Schematic, 2420 Personality PCB

	510000204
	PCB, 2420 Personality PCB

	610000204
	Artwork, 2420 Personality PCB

	361000193
	FPGA, 2420 Personality PCB 

	Waters Intranet Site
	 IC Specifications as Required


Table 1 REFERENCE DOCUMENTATION LIST
1.4 MECHANICAL SPECIFICATIONS

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

Personality PCB Weight

350 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



Required

1.6 SAFETY

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

2 FUNCTIONAL AND ELECTRICAL PERFORMANCE SPECIFICATIONS

2.1 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

MEMORY MAP


Register Summary

	Address
	Type
	Name

	500000
	READ
	Unused

	500001
	READ
	Unused

	500002
	READ
	KEYPAD ROW READ

	500003
	READ
	Unused

	500004
	READ
	

	500005
	READ
	

	500006
	READ
	OPTICS HEATER DETECT REGISTER RD (NO_HEATER)

	500007
	READ
	MUXAD_DRDYRD

	
	
	

	500000
	WRITE
	_WR_DAC_PRES

	500001
	WRITE
	LED WRITE (LEDWR)

	500002
	WRITE
	KEYPAD COLUMN WRITE

	500003
	WRITE
	LCD CONTRAST CONTROL WRITE

	500004
	WRITE
	SOFTWARE LOOP REGISTER WRITE

	500005
	WRITE
	MUXAD DEVICE CONTROL REGISTER WRITE 

	500006
	WRITE
	

	500007
	WRITE
	

	
	
	

	500008
	READ
	DAC STATUS BYTE 0 READ (CHANNEL 1)

	500009
	READ
	DAC STATUS BYTE 1 READ (CHANNEL 1)

	50000A
	READ
	DAC STATUS BYTE 2 READ (CHANNEL 1)

	50000B
	READ
	DAC STATUS BYTE 0 READ (CHANNEL 2)

	50000C
	READ
	DAC STATUS BYTE 1 READ (CHANNEL 2)

	50000D
	READ
	DAC STATUS BYTE 2 READ (CHANNEL 2)

	50000E
	READ
	EXT. COL HTR ID STATUS REGISTER READ  

	50000F
	READ
	NEBULIZER GAS PRES SENSOR SWITCH REG READ  

	
	
	

	500010
	WRITE
	DAC DATA BYTE 0 WRITE (CHANNEL 1)

	500011
	WRITE
	DAC DATA BYTE 1 WRITE (CHANNEL 1)

	500012
	WRITE
	DAC DATA BYTE 2 WRITE (CHANNEL 1)

	500013
	WRITE
	DAC INSTRUCTION REGISTER BYTE 3 WRITE (CH. 1)

	500014
	WRITE
	DAC DATA BYTE 0 WRITE (CHANNEL 2)

	500015
	WRITE
	DAC DATA BYTE 1 WRITE (CHANNEL 2)

	500016
	WRITE
	DAC DATA BYTE 2 WRITE (CHANNEL 2)

	500017
	WRITE
	DAC INSTRUCTION REGISTER BYTE 3 WRITE (CH. 2)

	
	
	

	
	
	

	
	
	

	
	
	

	500020
	WRITE
	LAMP CONTROL REGISTER WRITE

	500021
	WRITE
	RTD CAL CONTROL REG WRITE

	500022
	WRITE
	EVENT OUT REGISTER WRITE

	500024
	WRITE
	DAC START CONTORL REGISTER WRITE

	500025
	WRITE
	

	500026
	WRITE
	PMT DAC LOAD STROBE

	500027
	WRITE
	

	
	
	

	900000
	WRITE
	PMT DAC

	
	
	


2.2 HARDWARE REGISTER DEFINITIONS

	Address:
	500002 (Read Only)

	Name:
	KEYPAD ROW READ

	Initial Value:
	XX

	Special Instructions
	Keypad row port. If a key is depressed, one of the row bits will read as ‘0’. Valid values:
1F
(no key depressed)

	Bit
	Name
	Value
	Description

	7
	not used
	0
	

	6
	not used
	0
	

	5
	not used
	0
	

	4
	Y5
	X
	1E

	3
	Y4
	X
	1D

	2
	Y3
	X
	1B

	1
	Y2
	X
	17

	0
	Y1
	X
	0F


Table 2  KEYPAD ROW READ

	Address:
	500006 (Read Only)

	Name:
	OPTICS HEATER DETECT REGISTER READ

	Initial Value:
	X1

	Special Instructions
	

	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
	NO_HEATER
	0/1
	1 = NO HEATER PRESENT


	Address:
	500007 (Read Only)

	Name:
	MUXAD_DRDYRD.  MUX A/D data ready register

	Initial Value:
	XX

	Special Instructions
	Keypad row port. If a key is depressed, one of the row bits will read as ‘0’. Valid values:
1F
(no key depressed)

	Bit
	Name
	Value
	Description

	7
	not used
	0
	

	6
	not used
	0
	

	5
	not used
	0
	

	4
	Not used
	
	

	3
	Not used
	
	

	2
	Not used
	
	

	1
	Not used
	
	

	0
	_DRDY
	0/1
	Mux A/D data ready


Table 3  MUX AD DATA READY REGISTER READ

	Address:
	500000  (Write only)

	Name:
	NEBULIZER GAS CONTROL  REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	

	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
	      _WR_DAC_PRES
	0/1
	Load data into DAC input latch and selects output channel 1 and strobes data.


	Address:
	500001 (Write Only)

	Name:
	LED WRITE 

	Initial Value:
	00

	Special Instructions
	LED Function is Software Selected.

0= on , 1=off

	Bit
	Name
	Value
	Description

	7
	LED_DS1
	0/1
	MSB (Left most LED in PCB layout)

	6
	LED_DS2
	0/1
	

	5
	LED_DS3
	0/1
	

	4
	LED_DS4
	0/1
	

	3
	LED_DS5
	0/1
	

	2
	LED_DS6
	0/1
	

	1
	LED_DS7
	0/1
	

	0
	LED_DS8
	0/1
	LSB (Right most LED in PCB layout)


Table 3  LED WRITE

	Address:
	500002 (Write Only)

	Name:
	KEYPAD COLUMN WRITE

	Initial Value:
	00

	Special Instructions
	Keypad column scan port.  Each column is scanned one at a time.  The Bits are 0 active.

Valid values:


	Bit
	Name
	Value
	Description

	7
	not used
	0
	

	6
	not used
	0
	

	5
	not used
	0
	


	4
	X5
	X
	1E

	3
	X4
	X
	1D

	2
	X3
	X
	1B

	1
	X2
	X
	17

	0
	X1
	X
	0F


Table 4  KEYPAD COLUMN WRITE

	Address:
	500003 (Write Only)

	Name:
	LCD CONTRAST CONTROL WRITE

	Initial Value:
	F0

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	_DC
	0/1
	Low Pulse on DC Decreases Contrast Voltage

	6
	_UC
	0/1
	Low Pulse on UC Increases Contrast Voltage

	5
	not used
	X
	

	4
	not used
	X
	

	3
	not used
	X
	

	2
	not used
	X
	

	1
	not used
	X
	

	0
	not used
	X
	


Table 5  LCD CONTRAST CONTROL WRITE

	Address:
	500004 (Write Only)

	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 6  SOFTWARE LOOP REGISTER WRITE

	Address:
	500005 (WRITE Only)

	Name:
	MUXAD DEVICE CONTROL REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	

	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
	BUFFER
	0/1
	BUFFER ENABLE

	1
	_AD_RESET
	0/1
	RESETS DEVICE

	0
	_DSYNC
	0/1
	SYCHRONIZATION CONTROL


Table 7 MUX ADC TEMP SENSOR REGISTER WRITE

	Address:
	500008 (READ Only)

	Name:
	DAC STATUS BYTE 0 READ (Channel 1)

	Initial Value:
	00

	Special Instructions
	First Byte  of 24 bit DAC Register, known as BYTE0 (LSByte)

	Bit
	Name
	Value
	Description

	7
	DSRD7
	
	

	6
	DSRD6
	
	

	5
	DSRD5
	
	

	4
	DSRD4
	
	

	3
	DSRD3
	
	

	2
	DSRD2
	
	

	1
	DSRD1
	
	

	0
	DSRD0
	
	


Table 8  DAC STATUS BYTE 0 READ (Channel 1)

	Address:
	500009 (READ Only)

	Name:
	DAC STATUS BYTE1 READ (Channel 1)

	Initial Value:
	00

	Special Instructions
	Second Byte  of 24 bit DAC Register, known as BYTE1

	Bit
	Name
	Value
	Description

	7
	DSRD15
	
	

	6
	DSRD14
	
	

	5
	DSRD13
	
	

	4
	DSRD12
	
	

	3
	DSRD11
	
	

	2
	DSRD10
	
	

	1
	DSRD9
	
	

	0
	DSRD8
	
	


Table 9 DAC STATUS BYTE1 READ (Channel 1)

	Address:
	50000A (READ Only)

	Name:
	DAC STATUS BYTE2 READ (Channel 1)

	Initial Value:
	00

	Special Instructions
	Third Byte  of 24 bit DAC Register, known as BYTE2 (MSByte)

	Bit
	Name
	Value
	Description

	7
	DSRD23
	
	

	6
	DSRD22
	
	

	5
	DSRD21
	
	

	4
	DSRD20
	
	

	3
	DSRD19
	
	

	2
	DSRD18
	
	

	1
	DSRD17
	
	

	0
	DSRD16
	
	


Table 10 DAC STATUS BYTE2 READ (Channel 1)

	Address:
	50000B (READ Only)

	Name:
	DAC STATUS BYTE 0 READ (Channel 2)

	Initial Value:
	00

	Special Instructions
	First Byte  of 24 bit DAC Register, known as BYTE0 (LSByte)

	Bit
	Name
	Value
	Description

	7
	DSRD7
	
	

	6
	DSRD6
	
	

	5
	DSRD5
	
	

	4
	DSRD4
	
	

	3
	DSRD3
	
	

	2
	DSRD2
	
	

	1
	DSRD1
	
	

	0
	DSRD0
	
	


Table 11 DAC STATUS BYTE 0 READ (Channel 2)

	Address:
	50000C (READ Only)

	Name:
	DAC STATUS BYTE1 READ (Channel 2)

	Initial Value:
	00

	Special Instructions
	Second Byte  of 24 bit DAC Register, known as BYTE1

	Bit
	Name
	Value
	Description

	7
	DSRD15
	
	

	6
	DSRD14
	
	

	5
	DSRD13
	
	

	4
	DSRD12
	
	

	3
	DSRD11
	
	

	2
	DSRD10
	
	

	1
	DSRD9
	
	

	0
	DSRD8
	
	


Table 12 DAC STATUS BYTE1 READ (Channel 2)

	Address:
	50000D (READ Only)

	Name:
	DAC STATUS BYTE2 READ (Channel 2)

	Initial Value:
	00

	Special Instructions
	Third Byte  of 24 bit DAC Register, known as BYTE2 (MSByte)

	Bit
	Name
	Value
	Description

	7
	DSRD23
	
	

	6
	DSRD22
	
	

	5
	DSRD21
	
	

	4
	DSRD20
	
	

	3
	DSRD19
	
	

	2
	DSRD18
	
	

	1
	DSRD17
	
	

	0
	DSRD16
	
	


Table 13 DAC STATUS BYTE2 READ (Channel 2)

	Address:
	50000E  (READ Only)

	Name:
	LED, EXT COL HTR ID Status REGISTER READ

	Initial Value:
	XX

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	Not used
	X
	

	6
	Not used
	X
	

	5
	COL_ID_B2
	0/1
	External Column Heater ID bit 2 MSB

	4
	COL_ID_B1
	0/1
	External Column Heater ID bit 1

	3
	COL_ID_B0
	0/1
	External Column Heater ID bit 0 LSB

	2
	not used
	X
	

	1
	not used
	X
	

	0
	not used
	X
	


Table 14    Led, Ext Col Htr Id Status Register Read

	Address:
	50000F (Read Only)

	Name:
	NEBULIZER GAS PRESSURE SENSOR SWITCH

	Initial Value:
	XX

	Special Instructions
	

	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
	UNDER_PRES
	0/1
	1 INDICATES UNDER PRESSURE CONDITION


Table 15 MUX ADC TEMP SENSOR DATA READY REGISTER READ

	Address:
	500010 (Write Only)

	Name:
	DAC DATA BYTE 0 WRITE (Channel 1)

	Initial Value:
	00

	Special Instructions
	First Byte  of 32 bit DAC Data Input, known as BYTE0 (LSByte)

	Bit
	Name
	Value
	Description

	7
	DD7
	
	

	6
	DD6
	
	

	5
	DD5
	
	

	4
	DD4
	
	

	3
	DD3
	
	

	2
	DD2
	
	

	1
	DD1
	
	

	0
	DD0
	
	


Table 16 DAC DATA BYTE 0 WRITE (Channel 1)

	Address:
	500011 (WRITE Only)

	Name:
	DAC DATA BYTE1 WRITE (Channel 1)

	Initial Value:
	00

	Special Instructions
	Second Byte of 32 bit DAC Data Input, known as BYTE1

	Bit
	Name
	Value
	Description

	7
	DD15
	
	

	6
	DD14
	
	

	5
	DD13
	
	

	4
	DD12
	
	

	3
	DD11
	
	

	2
	DD10
	
	

	1
	DD9
	
	

	0
	DD8
	
	


Table 17 DAC DATA BYTE1 WRITE (Channel 1)

	Address:
	500012 (WRITE Only)

	Name:
	DAC DATA BYTE2 WRITE (Channel 1)

	Initial Value:
	00

	Special Instructions
	Third Byte of 32 bit DAC Data Input, known as BYTE2

	Bit
	Name
	Value
	Description

	7
	DD23
	
	

	6
	DD22
	
	

	5
	DD21
	
	

	4
	DD20
	
	

	3
	DD19
	
	

	2
	DD18
	
	

	1
	DD17
	
	

	0
	DD16
	
	


Table 18 DAC DATA BYTE2 WRITE (Channel 1)

	Address:
	500013 (Write Only)

	Name:
	DAC INSTRUCTION REGISTER BYTE 3 WRITE (Channel 1)

	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 19 DAC INSTRUCTION REGISTER BYTE 3 WRITE (Channel 1)

	Address:
	500014 (Write Only)

	Name:
	DAC DATA BYTE 0 WRITE (Channel 2)

	Initial Value:
	00

	Special Instructions
	First Byte  of 32 bit DAC Data Input, known as BYTE0 (LSByte)

	Bit
	Name
	Value
	Description

	7
	DD7
	
	

	6
	DD6
	
	

	5
	DD5
	
	

	4
	DD4
	
	

	3
	DD3
	
	

	2
	DD2
	
	

	1
	DD1
	
	

	0
	DD0
	
	


Table 20 DAC DATA BYTE 0 WRITE (Channel 2)

	Address:
	500015 (WRITE Only)

	Name:
	DAC DATA BYTE1 WRITE (Channel 2)

	Initial Value:
	00

	Special Instructions
	Second Byte of 32 bit DAC Data Input, known as BYTE1

	Bit
	Name
	Value
	Description

	7
	DD15
	
	

	6
	DD14
	
	

	5
	DD13
	
	

	4
	DD12
	
	

	3
	DD11
	
	

	2
	DD10
	
	

	1
	DD9
	
	

	0
	DD8
	
	


Table 21 DAC DATA BYTE1 WRITE (Channel 2)

	Address:
	500016 (WRITE Only)

	Name:
	DAC DATA BYTE2 WRITE (Channel 2)

	Initial Value:
	00

	Special Instructions
	Third Byte of 32 bit DAC Data Input, known as BYTE2

	Bit
	Name
	Value
	Description

	7
	DD23
	
	

	6
	DD22
	
	

	5
	DD21
	
	

	4
	DD20
	
	

	3
	DD19
	
	

	2
	DD18
	
	

	1
	DD17
	
	

	0
	DD16
	
	


Table 22 DAC DATA BYTE2 WRITE (Channel 2)

	Address:
	500017 (Write Only)

	Name:
	DAC INSTRUCTION REGISTER BYTE 3 WRITE (Channel 2)

	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 23 DAC INSTRUCTION REGISTER BYTE 3 WRITE (Channel 2)

	Address:
	500020 (WRITE Only)

	Name:
	LAMP CONTROL REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	LAMP_ON 
	X
	0x80 turns lamp on, 0x00 turns lamp off.

	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
	Not used
	X
	


Table 24 LAMP CONTROL REGISTER WRITE

	Address:
	500021 (WRITE Only)

	Name:
	Ext. Column Heater and oven RTD calibration register write

	Initial Value:
	

	Special Instructions
	

	Bit
	
	
	

	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
	_RTDCAL_AIR
	0/1
	Cal Ext CH RTD = _RTDCAL_ALL=0 and _RTDCAL_AIR =1

	0
	_RTDCAL_ALL
	0/1
	Cal Air RTD = _RTDCAL_ALL=1 and _RTDCAL_AIR =0


Table 25 NEBULIZER GAS CONTROL REGISTER WRITE

	Address:
	500022 (WRITE Only)

	Name:
	EVENT  OUT REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	EVENT_OUT1
	1
	Contact Closed

	6
	EVENT_OUT2
	1
	Contact Closed

	5
	not used
	X
	

	4
	not used
	X
	

	3
	not used
	X
	

	2
	not used
	X
	

	1
	not used
	X
	

	0
	not used
	X
	


Table 26 EVENT OUT REGISTER WRITE

	Address:
	500024 (WRITE Only)

	Name:
	DAC START CONTROL  REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	

	Bit
	Name
	Value
	Description

	7
	not used
	X
	

	6
	not used
	X
	

	5
	not used
	X
	

	4
	not used
	X
	

	3
	SELECT_CLK_CH2
	0/1
	0=Select 1MHz (Normal)

1= Select 3.125KHz (Reset)

	2
	START_CH_2
	0/1
	1= start DAC Channel 2 state machine

	1
	SELECT_CLK_CH1
	0/1
	0=Select 1MHz (Normal)

1= Select 3.125KHz (Reset)

	0
	START_CH_1
	0/1
	1= start DAC Channel 1  state machine


Table 27 DAC START CONTROL  REGISTER WRITE

	Address:
	500000  (Write only)

	Name:
	NEBULIZER GAS CONTROL  REGISTER WRITE

	Initial Value:
	00

	Special Instructions
	

	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
	      _WR_DAC_PRES
	0/1
	Load data into DAC input latch and selects output channel 1 and strobes data.


Table 28  Led On/Off, Rtd Cal, Oven Heat And Ext Col Htr Control  Register Write

	Address:
	500026 (WRITE Only)

	Name:
	PMT DAC LOAD STROBE

	Initial Value:
	XX

	Special Instructions
	Write XX to this register to load the PMT DACs “Input Register” into the “DAC Register”. This updates the DAC with the new voltage value.    

	Bit
	Name
	Value
	Description

	7
	_LOAD_HVDAC
	X
	Write anything to any bit for a strobe

	6
	_LOAD_HVDAC
	X
	

	5
	_LOAD_HVDAC
	X
	

	4
	_LOAD_HVDAC
	X
	

	3
	_LOAD_HVDAC
	X
	

	2
	_LOAD_HVDAC
	X
	

	1
	      _LOAD_HVDAC
	X
	

	0
	      _LOAD_HVDAC
	X
	


Table 29 PMT DAC LOAD STROBE

	Address:
	900000 (WRITE Only)

	Name:
	PMT DAC 

	Initial Value:
	XXXX

	Special Instructions
	Write XXXX to this location to load the PMT DACs “Input Register”. This updates the DAC with the new input register va lue and then waits for a _LOAD_HVDAC strobe to output the new DAC voltage.    

	Bit
	Name
	Value
	Description

	15
	not used
	X
	

	14
	not used
	X
	

	13
	not used
	X
	

	12
	not used
	X
	

	11
	D11
	X
	

	10
	D10
	X
	

	9
	D9
	X
	

	8
	D8
	X
	

	7
	D7
	X
	

	6
	D6
	X
	

	5
	D5
	X
	

	4
	D4
	X
	

	3
	D3
	X
	

	2
	D2
	X
	

	1
	D1
	X
	

	0
	D0
	X
	


Table 30 PMT DAC

2.3 CPU CS ALLOCATION

	CPU CS Used By Personality Board
	Description
	Minimum Wait States

	4
	Display
	6

	5
	CPLD
	6

	8
	IEEE
	5

	9
	PMT DAC
	5


Table 31 CPU CS Allocation

CS SIGNAL NAMES

	NAME
	FUNCTION

	_CS_MPLX_AD
	Mux A/D for temp sensors

	_CS_DAC_1
	Analog output 1

	_CS_DAC_2
	Analog output 2

	_CS_HVDAC
	High Voltage PMT control

	
	


2.4 TPUBUS ALLOCATION 

	TPUBUS Channel
	Description

	0
	Optics Heater Control

	1
	Drift Tube Heater Control

	2
	Ext. Column heater Control

	3
	Event Input Auto Zero

	4
	Event Input Gas on/off 

	5
	Event Input Method Start

	6
	Event Input Lamp on/off

	7
	Analog Board Generated CPU Interrupt

	8
	Solenoid Shutoff Valve 

	9
	Nebulizer heater control

	10
	Tied to PLD (unavail)  Configured as input

	11
	Tied to PLD (unavail)  Configured as input

	12
	Tied to PLD (unavail)  Configured as input

	13
	Tied to PLD (unused)

	14
	Tied to PLD (unused)

	15
	Tied to PLD (unused)


Table 32 TPUBUS Channel Allocation

2.5 CPLD JTAG

JTAG is used for Programming the CPLD on the personality card.  The CPLD 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 CPLD with a downloaded RBF file. This JTAG connector will be removed from the final BOM but the connector pads will remain on the artwork.

2.6 IEEE-488

Type -
IEEE488 

Connector -
IEEE488 

Connector Location -
Rear Panel

IRQ -
4

CPU Chip Select - 
8

The IEEE488 interface is used for instrument control and data acquisition.  It is a standard Waters implementation and uses the 9914 type controller. 

2.7 SOFTWARE LOOPS(TBD)

Write Register -


500004

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.

LCD Back Light

The LCD back light is provided from LEDs inside the display.  The personality board provides +15v with a current limiting resistor to these LEDs. 

Contrast Control

Type -

Uses a DS1669 digital rheostat under software control 

Number of Wiper Positions -
       64

Minimum Pulse On Time -

1 msec

Maximum Pulse On Time -

1 sec

Repetitive Pulse OFF Time -
       1 ms minimum

Write Register - 

500003

Register Signals -

UC – up contrast



DC – down contrast  

Contrast control is provided so that all instrument operators may obtain the optimum LCD contrast over the temperature range of the instrument.  LCD contrast varies greatly with viewing angle and temperature.

The negative bias voltage required to control contrast (Vee) is generated by the display. Vee is approximately -9.3 volts when loaded with the contrast control circuit.  Unloaded, Vee is approximately -9.8 volts.

At power up, the DS1669 is configured for dual push button operation.  The DS1669 is configured for dual push button mode, by having all the control inputs (UC, DC and D) in an open state at power up.  In this application, control input D is not used and left open.  Control inputs UC and DC are buffered by a 74HC573 which is tri-stated during power-up.

The contrast setting is stored in EEPROM in the DS1669.   The EEPROM is specified to accept greater than 80,000 writes before wear out.  The EEPROM is updated on the first setting change after power up.  Subsequent setting changes are stored in the EEPROM only if a change of more than 12.5% is made and the device waits two seconds.
2.8 KEYBOARD DECODE

Keypad Matrix Size -

5x5

Interface -


Memory Mapped

Interrupts -


None, Software Polled

Connector/Cable -

10 pin

Write Register -


500002 - Column

Read Register - 

500002 - Row

Write Register Signals - 

_X1   _X2   _X3   _X4   _X5

 

Read Register Signals - 

_Y1   _Y2   _Y3   _Y4   _Y5

Write the byte sequence OF, 17, 1B, 1D and 1E to the Keypad Column Register while reading from the Keypad Row Register after every write and checking for a key depress. If no key is depressed, reads a 1F, then continue scanning. If an OF, 17, 1B, 1D or 1E is read from the Keypad Row Register then decode the depressed key using the Key Mapping Table. A complete scan through the all five columns should be completed fast enough to capture all keys depressed. Reading a value from the Keypad Row Register other than the five codes listed in the Key Mapping Table indicates multiple keys have been depressed and a multiple key error handling algorithm should be used.

Key Mapping -


	Step One
	Step Two
	Step Three

	Write Column
	Read Row
	Decode Pressed Key

	0F
	1E
	HOME

	
	1D
	CHART MARK

	
	0F
	AUTO ZERO

	
	17
	RUN/STOP

	
	1B
	UP ARROW

	17
	1E
	TEMP

	
	1D
	1

	
	0F
	2

	
	17
	3

	
	1B
	DOWN ARROW

	1B
	1E
	DIAG

	
	1D
	4

	
	0F
	5

	
	17
	6

	
	1B
	NEXT

	1D
	1E
	TRACE

	
	1D
	7

	
	0F
	8

	
	17
	9

	1E
	1E
	SHIFT

	
	1D
	0

	
	0F
	.

	
	17
	CE

	
	1B
	ENTER

	XX
	1F
	no key


Table 33  Keypad Function Mapping Table
2.9 CPLD LOGIC 

CPU Chip Select -

5

Unused TPUBUS -

13-15

Input Clock -


16.384MHz

2.9.1 STATE MACHINE FOR ANALOG OUTPUTS 

The Bur Brown DACs used on the Personality PCB are serial DACS which don’t fit easily into a QSPI serial application where a bi-directional transfer of data is required. The CPLD provides I/O mapped registers for the CPU2000 to communicate with the DACs. See Analog Output section for more details on the use of these registers.

MEMORY MAPPED I/O AND CONTROL SIGNALS

The CPLD provides all Personality functions to be I/O mapped to memory location 5000XX.

The QSPI chip selects are decoded in the Personality CPLD to provide the chip selects for the Analog Board CS0 & CS1 and for the Mux A/D CS. Figure 3 illustrates how the four QSPI chip selects flow through the 2475 design.
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Figure 3 QSPI Chip Select Logic

2.9.2 SYSTEM CLOCK DIVIDERS 

The Personality PCB main clock oscillator of 16.384 MHz is divided down in the CPLD 4x to produce the Mux A/D 4.096 MHZ clock.

2.10 16.384  MHZ CRYSTAL OSCILLATOR CLOCK TO THE CPLD 

Crystal Frequency - 

16.384 MHz  CPLD

CPLD Divide Down - 

4.096MHz    A/D





2.048 MHz    DACs

Board Divide Down -

4.096MHz    IEEE



The 16.384 MHz crystal oscillator has both a HCMOS and TTL compatible output. This oscillator is used to drives the CPLD.  It is also divided down twice external from the CPLD to provide a 4.096 MHz clock for IEEE-488.   

2.11 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.

2.12 POWER SUPPLIES REQUIRED

VCC Minimum Load Current -

3Amp

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

A digital VCC (+5VDC) logic supply is required to supply < 250 ma and a voltage tolerance of less than +-5 % to the Personality PCB. This supply is also carried through the Personality PCB to the Analog Front End PCB and is called the RMTVCC supply.

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

The 24 VDC supply is used for larger loads such as the oven heater, solenoids, etc.

	Power Supply Voltage
	Fuse Value in Amps
	Personality Board  Current Draw

	VCC (+5 VDC)
	14
	8.2

	RMTVCC (+5 VDC)
	5
	

	+15 VDC
	None
	55mA

	-15 VDC
	None
	11mA

	+24 VDC
	5.0
	3.25A


Table 34  Pcb Fuse List

2.13 REGULATED POWER SUPPLIES

ANALOG VOLTAGES GENERATED ON BOARD, +11, -11,+5 AND –5

The Personality PCB requires four analog voltages with their own analog ground isolated from digital ground and tied together only at the power supply. The four analog voltages are +11, -11 +5, -5 VDC all with a current load requirement of less than 50 mA and a total voltage tolerance of less than +- 3%.  The voltages are generated on the Personality PCB using linear regulators to provide filtering to the analog loads.

DIGITAL VOLTAGES GENERATED ON BOARD, DACVCC (+5)

The DACVCC is generated on the Personality PCB using a linear regulator from the +15 VDC analog supply. The purpose of having a separate supply is to be able to keep the DACVCC supply off until the DAC’s analog supply has powered up and reached it’s final value. This is accomplished by the high active signal OFF_DAC_VCC.

2.14 VOLTAGE REFERENCES 5.0V, 2.5 V AND 0.106 V 

The Personality PCB requires Three analog voltage references.  These references are tied to Analog Ground (AGND).  The analog voltage references are 5V, 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.

2.15 FOUR EVENT INPUTS 

Number -

4

Input Voltage -

±30 Volts Maximum

Low Input Voltage

<1.7 Volts

High Input Voltage

>3.2 Volts

Input Filter

RC with t = 10 msec

[image: image9.wmf]815msec

10msec

Avdd

Dvdd

Vreff

Type - 

Comparator with State Change Latching

Connector -

Pluggable Terminal Strip

Access -

TPUBUS

Functional Names -

Auto Zero 
TPUBUS(3)

Gas On/Off
TPUBUS(4)

Method Start
TPUBUS(5)

Lamp on/off 
TPUBUS(6)

Four(4) 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 2420 via a Pluggable Terminal Strip.  The pin description is shown below. 
Figure 4 Back Panel I/O Events Connector Configuration

2.16 TWO EVENT OUTPUTS

Number -
2

Type -
Contact Closure

Voltage -
±30 Volts

Current, Switching -
.5 Amp

Current, Carry -
1.2 Amp

Connector -
Pluggable Terminal Strip

Register -
500022

Register Signal -
EVENT_OUT1




EVENT_OUT2
The event outputs are normally open relays.  Writing a “one” to the signal EVENT_OUT1 performs a Relay closure.   During a power-up the relays will be open.  One dedicated and one programmable.
2.17 TWO ANALOG OUTPUTS

Registers - 


See Table 35 

Register Signals -

See Table 35 

Resolution - 


20 Bits

Output Range -


-.1059V to +2.125V 

There are two bi-polar analog outputs with a voltage range from -.1059V to +2.125V. The    .1059mV of headroom is for software offset adjustments that are used for zeroing out a third party data system. 

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 CPLD. 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 CPLD interfacing machine.  See the DAC1220 datasheet for further information.  Allow for sufficient time between writing to command register and writing data.

	
	Channel 1 (read)
	
	Channel 2 (read)

	50000A
	Data DD23 - DD16
	50000D
	Data DD23 - DD16

	
	
	
	

	500009
	Data DD15 - DD8
	50000C
	Data DD15 - DD8

	
	
	
	

	
	
	
	

	500008
	Data DD7 - DD0
	50000B
	Data DD7 - DD0

	
	
	
	

	
	Channel 1 (write)
	
	Channel 2 (write)

	500013
	Command Register
	500017
	Command 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 a Reset to Channel 1  
	
	
	
	
	

	Send
	500013
	500012
	500011
	500010
	
	500024

	Reset  
	40
	7B
	7B
	FE
	
	03

	
	
	
	
	
	
	

	Sending a Reset to Channel 2
	
	
	
	
	
	

	Send
	500017
	500016
	500015
	500014
	
	500024

	Reset
	40
	7B
	7B
	FE
	
	0C

	
	
	
	
	
	
	

	Sending Data XX XX XX to Channel 1
	
	
	
	
	

	Send
	500013
	500012
	500011
	500010
	
	500024

	Command Reg.
	24
	A8
	A0
	N/A
	
	01

	 Data
	40
	XX
	XX
	XX
	
	01

	
	
	
	
	
	
	

	Sending Data XX XX XX to Channel 2
	
	
	
	
	

	Send
	500017
	500016
	500015
	500014
	
	500024

	Command Reg.
	24
	A8
	A0
	N/A
	
	04

	 Data
	40
	XX
	XX
	XX
	
	04

	
	
	
	
	
	
	

	Reading Data From Channel 1
	
	
	
	
	
	

	Send
	500013
	500012
	500011
	500010
	
	500024

	For A Command Reg Read
	A4
	N/A
	N/A
	N/A
	
	01

	For A Data Reg Read
	C0
	N/A
	N/A
	N/A
	
	01

	
	
	
	
	
	
	

	Retrieve
	50000A
	500009
	500008
	
	
	

	 Data
	MSB
	XX
	LSB
	
	
	

	
	
	
	
	
	
	

	Reading Data From Channel 2
	
	
	
	
	
	

	Send
	500017
	500016
	500015
	500014
	
	500024

	For A Command Reg Read
	A4
	N/A
	N/A
	N/A
	
	04

	For A Data Reg Read
	C0
	N/A
	N/A
	N/A
	
	04

	
	
	
	
	
	
	

	Retrieve
	50000D
	50000C
	50000B
	
	
	

	 Data
	MSB
	XX
	LSB
	
	
	


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

 TA 
Table 35 Writing And Reading Analog Output Registers

2.18 DAC POWER-UP SEQUENCING

To prevent a latch-up state in the two DACs a power-up sequence had to be met.  The sequence is defined by Dvdd shall be no greater then (Avdd + .3V) and both Dvdd and Avdd must be present before Vreff. The Timing diagram shown below displays designed values for this power-up sequence.
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Figure 5 DAC Power-up Timing
2.19 +5 VDC REAR PANEL FAN CHASSIS FAN 

Number - 

2

Connector - 

071583

Voltage -

24VDC

The system cooling fan is a +5 VDC fan which are mounted to the rear panel of the 2420. The fans provide cooling to the Personality PCB, CPU2000 and the Power Supply.  Currently, only one fan is used provisions for two fans are provided on the personality board.

2.20 ANALOG FRONT END PCB OPTO ISOLATION AND CONTROL

All of the six signals in this section are opto-isolated on the Personality PCB. Therefore the analog front end is totally isolated from the Personality PCB.

The QSPI serial interface is developed using five signals; 2 MHz gated clock SCK, two binary decoded chip selects PCS0 & PCS1, a serial transmit line QSPI_DATA_OUT and a serial receive line QSPI_DATA_IN. The 2 MHz clock is used to synchronize the 16 bit transmit word and 16 bit receive word which happens simultaneously when the Personality PCB Chip Select is activated by the host CPU. Only the host CPU may initiate communications. There are two parameters on the host CPU which must be set correctly, they are CPHA=0 and CPOL=0. See the Motorola 68332 QSPI section of the Users Manual for more information. The former sets up the clock phase relative to data valid and the later sets a positive clock polarity. Where the host CPU is the initiator of communications the QSPI is used in Master Mode. The following timing diagram shows the  QSPI communications interface. There is also an interrupt line used to notify the host CPU that an acquisition has occurred, the signal name is TPUBUS(7) and is a low active signal.
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Figure 6  QSPI Timing Diagram

2.21 LAMP CONTROL

Connector - 

290311
Read Register -
none

Write Register -
500020

Register Signal -
LAMP_ON
The lamp control circuitry provides a regulated 12V power from the personality board to the lamp to provide a flicker free lamp intensity.  The circuit uses a LT1270A DCDC converter to boost the voltage from 5V to 13V and then a LT1529 linear regulator to bring that voltage down to 12V.  This topology is used to minimize on power dissipation through the ICs and decrease noise.  The Lamp Control circuit provides the ability to turn the lamp on with the “LAMP_ON” signal.  To activate the lamp, an “0x80” must be written to the lamp register.  The method of verifying a proper lighting of the lamp is by the Front End Analog Board A/D counts or the reference photo diode. 

2.22 Nebulizer Gas Control

2.22.1 Gas pressure Regulator DAC

Connector - 

323000126

Read Register - 
NONE

Write Register - 
500000

Register Signal - 
_WR_DAC_PRES
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The pneumatic gas pressure regulator provides a controlled 3-63psig output pressure based on a 0-5V control voltage in a linear relationship.  The DAC is an 8 bit MAX5102 dual voltage output, parallel load DAC.  Only output channel A is being used.  Writing data to this register will load and strobe the data to this DAC.  The following is the  timing diagram for the MAX5102.
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2.22.2 Solenoid Shutoff Valve

Connector - 

323000125

Control - 

TPUBUS(8)

Slam Voltage - 

24V for 0.01sec

Hold Voltage - 

12V 

The solenoid shutoff value is PWM controlled by TPUBUS(8) from the CPU.  The valve is normally closed when the solenoid is not energized.  A 24V slam voltage for at least .01s is required to open the valve, after which, a 50% duty cycle is needed hold it.  Since the response time of the solenoid(.01s) is faster than the switching frequency of the PWM(.04s), the slam and hold voltage should be both 24V.

2.22.3 Pressure sensor switch

Connector – 

323000124

Read Register – 
500007

Write Register – 
NONE

Register Signal – 
UNDER_PRES

The pressure sensor switch provides a contact closure signal when the input pressure to the gas pressure regulator drops below the critical pressure that is required to operate it.  The switch is normally open.  An UNDER_PRESSURE reading of “1” indicates that the switch is open(contact opened) and an under pressure exists.  UNDER_PRESSURE should read “0” during normal operation(contact closed). 

2.22.4 Pressure Transducer

The pressure transducer is capable of reading 0-100 psig and provides a linearly corresponding voltage output.  The circuit is designed to read pressure from 0-70psig and provide a nominal output voltage swing of 1.25V to 3.22V that corresponds linearly with the input pressure.  The output uses channel 7 ADS1241 24bit multiplexed A/D and is responsible for doing the conversion.  A two point calibration is required before the pressure transducer can be used.  

2.23 PMT GAIN CONTROL

Connector - 

096-04

Voltage -

15V

Gain Setting Voltage -
0V - 5V
CS -


9 

Write Register -
500026 

Register Signal -
_LOAD_HVDAC  
The PMT Gain control circuit includes a Burr-Brown 12 Bit DAC (DAC7613E) and an output gain stage.  The gain setting voltage supplied to the PMT ranges between 0V and 5V. To change the gain voltage software must use the 12 lowest bits of the data bus and CS 9 with 5 wait states to write to the DAC.   After the DAC is written to the data is stored into the DAC’s Input Register.  To load the Input Register into the DAC Register the _LOAD_HVDAC signal must be strobed.  The _LOAD_HVDAC signal receives a strobe when any data is written to address location 500026. Figure 9 illustrates how the DAC is constructed.  Burr-Browns LOADDAC control signal is tied to our _LOAD_HVDAC signal inside the CPLD.

The gain voltage for the PMT, produced by the PMT DAC can be set using the following equation. The output of this equation is a 3 Byte word (after converted to Hex) that must be written to CS9. 
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Equation 1 PMT Gain Voltage 
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Figure 7 PMT DAC Internal Register Block Diagram

2.24 DRIFT TUBE HEATER CONTROL

Connector- 

041-02

Voltage-

24VDC

Registers- 

NONE

TPUBUS-

1

The drift tube oven assembly requires precision heater control up to 150( C with +/- 1( C tolerance.  The drift tube heater control provides a 24V PWM signal that regulates the temperature via a mosfet switch to a software settable value.  An RTD provides temperature feedback to the heater control to ensure that the desired temperature is maintained.  In addition, an over temperature thermal switch is used in series with the heater that shuts off the heater if the temperature exceeds 165( C.  The switch is reset when the temperature drops below 100( C.  

The drift tube heater drive circuit is controlled by TPUBUS channel 1. The heater drive circuit is also buffered from its digital control with a single opto-isolator.  A PWM control is used to determine what average voltage is used to drive the heater.  See below table.

Over Temperature Switch

The over temperature switch is wired in series with the drive circuit and oven heater. Should the oven temperature reach the switch open temperature of 165 degrees C  (+/- 5 degrees) then the power will be removed from the heaters(nebulizer and drift tube). Currently there isn’t any indication to the CPU 2000 that the switch has opened. The switch will remain open until the close temperature drops to 100 degrees C (+/- 5 degrees). The heater will again be powered on if the command signal is present.

2.25 Nebulizer Heater Control

Connector:
041-06

Voltage:
24V

TPUBUS:
9

The nebulizer heater resides in the same oven as the drift tube heater but has its separate heating zone.  The temperature range that this heater must control to is TBD.  Similar to the Drift tube heater, the nebulizer heater control provides a 24V PWM signal that regulates the temperature via a mosfet switch to a software settable value.  An RTD provides temperature feedback to the heater control to ensure that the desired temperature is maintained.  This heater shares the same over temperature switch as the drift tube heater.

2.26 OPTICS HEATER CONTROL(Exhaust manifold)

Connector-
041-03

Voltage-
24

Registers-
NONE

TPUBUS-
0

The optics bench assembly requires a constant 50(C constant temperature.  This value is not software programmable.  Similar to the drift tube heater control, temperature feedback via a thermistor is used to ensure that the temperature is maintained.  An over temperature thermal switch in series with the heater is also included in this assembly and triggers at 70(C and resets at 60(C.  

The optics heater drive circuit is controlled by TPUBUS channel 0. The heater drive circuit is also buffered from its digital control with a darlington array.  A PWM control is used to determine what average voltage is used to drive the heater.  

Over Temperature Switch

The over temperature switch is wired in series with the drive circuit and oven heater. Should the oven temperature reach the switch open temperature of 70 degrees C  (+/- 3.889 degrees) then the power will be removed from the heater. Currently there isn’t any indication to the CPU 2000 that the switch has opened. The switch will remain open until the close temperature drops to 40 degrees C (+/- 3.889 degrees). The heater will again be powered on if the command signal is present.

2.27 Minimum load heater for optics bench

Connector:
323000127

Voltage:
5V

Read Register: 
500006 

Signal Name:
NO_HEATER

This heater provides additional heat to the optics assembly and also helps the power supply achieve its minimum load requirements.  This is an unregulated 11W heater running off of 5 volts and it is always on.   The NO_HEATER signal determines if the heater is present.  A high means that the heater is not present.

Temperature Measurement and Calibration for Drift tube oven, optics bench, and External Column Heater

2.28 RTDs TO MEASURE DRIFT TUBE and NEBULIZER TEMPERATUREs

Read RTD via muxed A/D -
See 8  Channel Multiplexed A/D Converter Section

Calibrate RTD -


See RTD Current Source Calibration Circuit Section


RTD  Resistance -

1k ohm @ Zero Degrees C

The drift tube and nebulizer temperatures are measured using a RTD that changes resistance value with air temperature. The RTD is a platinum element with a resistance of 1000 ohms at 0 degrees Celsius. The average sensitivity is 3.85 ohms/degrees C. The 2420 MRD requires an oven absolute temperature specification of + or – 0.5 degrees C. The oven temperature measurement is used by the software control loop and determines most of the absolute error budget.  The actual resistance expected at a given temperature is given in the following table. The software may use a look up table or analytically determine the temperature using the modified Callendar Van Dusen Equation for Platinum over the temperature range 0 to 630 degrees C.          

R(T) = R0 ( 1 + AT +BT2 )  
Valid from 0 to 630 degrees C.

Where:

R(T)  is resistance in ohms as a function of temperature

R0    is the base resistance at 0 degrees C

T      is temperature in C, A = 3.908E-3, B = -5.8019E-7 for our chosen RTD

NOTE: Values are for selected Platinum RTD with a TCR = 0.003850 ohms/ohms/C

Software should solve the above equation for T and insert the independent variable R which is the measured resistance value. Or use the table which is generated from the above equation and perform a linear interpolation to determine a temperature in between values listed in the table. This linear error contribution to the absolute temperature error is small enough so integer temperature values may be stored and then a linear interpolation performed between the integers for fractional temperatures.

	PF PLATINUM:     1000 ohm AT 0C 
	
	
	
	
	
	

	c
	R (ohms)
	T  (°C)
	R (ohms)
	T  (°C)
	R (ohms)
	T  (°C)
	R (ohms)
	T  (°C)
	R (ohms)

	0
	1000.0000
	12.25
	1047.7859
	24.5
	1095.3977
	36.75
	1142.8354
	49
	1190.0990

	0.25
	1000.9770
	12.5
	1048.7593
	24.75
	1096.3676
	37
	1143.8017
	49.25
	1191.0617

	0.5
	1001.9539
	12.75
	1049.7327
	25
	1097.3374
	37.25
	1144.7680
	49.5
	1192.0244

	0.75
	1002.9307
	13
	1050.7059
	25.25
	1098.3071
	37.5
	1145.7341
	49.75
	1192.9870

	1
	1003.9074
	13.25
	1051.6791
	25.5
	1099.2767
	37.75
	1146.7002
	50
	1193.9495

	1.25
	1004.8841
	13.5
	1052.6523
	25.75
	1100.2463
	38
	1147.6662
	50.25
	1194.9120

	1.5
	1005.8607
	13.75
	1053.6253
	26
	1101.2158
	38.25
	1148.6321
	50.5
	1195.8744

	1.75
	1006.8372
	14
	1054.5983
	26.25
	1102.1852
	38.5
	1149.5980
	50.75
	1196.8367

	2
	1007.8137
	14.25
	1055.5712
	26.5
	1103.1546
	38.75
	1150.5638
	51
	1197.7989

	2.25
	1008.7901
	14.5
	1056.5440
	26.75
	1104.1238
	39
	1151.5295
	51.25
	1198.7611

	2.5
	1009.7664
	14.75
	1057.5168
	27
	1105.0930
	39.25
	1152.4952
	51.5
	1199.7232

	2.75
	1010.7426
	15
	1058.4895
	27.25
	1106.0622
	39.5
	1153.4608
	51.75
	1200.6852

	3
	1011.7188
	15.25
	1059.4621
	27.5
	1107.0312
	39.75
	1154.4263
	52
	1201.6472

	3.25
	1012.6949
	15.5
	1060.4346
	27.75
	1108.0002
	40
	1155.3917
	52.25
	1202.6090

	3.5
	1013.6709
	15.75
	1061.4071
	28
	1108.9691
	40.25
	1156.3571
	52.5
	1203.5709

	3.75
	1014.6468
	16
	1062.3795
	28.25
	1109.9380
	40.5
	1157.3223
	52.75
	1204.5326

	4
	1015.6227
	16.25
	1063.3518
	28.5
	1110.9067
	40.75
	1158.2876
	53
	1205.4942

	4.25
	1016.5985
	16.5
	1064.3240
	28.75
	1111.8754
	41
	1159.2527
	53.25
	1206.4558

	4.5
	1017.5743
	16.75
	1065.2962
	29
	1112.8441
	41.25
	1160.2178
	53.5
	1207.4174

	4.75
	1018.5499
	17
	1066.2683
	29.25
	1113.8126
	41.5
	1161.1828
	53.75
	1208.3788

	5
	1019.5255
	17.25
	1067.2404
	29.5
	1114.7811
	41.75
	1162.1477
	54
	1209.3402

	5.25
	1020.5010
	17.5
	1068.2123
	29.75
	1115.7495
	42
	1163.1125
	54.25
	1210.3015

	5.5
	1021.4764
	17.75
	1069.1842
	30
	1116.7178
	42.25
	1164.0773
	54.5
	1211.2627

	5.75
	1022.4518
	18
	1070.1560
	30.25
	1117.6861
	42.5
	1165.0420
	54.75
	1212.2238

	6
	1023.4271
	18.25
	1071.1278
	30.5
	1118.6543
	42.75
	1166.0067
	55
	1213.1849

	6.25
	1024.4023
	18.5
	1072.0994
	30.75
	1119.6224
	43
	1166.9712
	55.25
	1214.1459

	6.5
	1025.3775
	18.75
	1073.0710
	31
	1120.5904
	43.25
	1167.9357
	55.5
	1215.1069

	6.75
	1026.3526
	19
	1074.0426
	31.25
	1121.5584
	43.5
	1168.9001
	55.75
	1216.0677

	7
	1027.3276
	19.25
	1075.0140
	31.5
	1122.5263
	43.75
	1169.8645
	56
	1217.0285

	7.25
	1028.3025
	19.5
	1075.9854
	31.75
	1123.4941
	44
	1170.8288
	56.25
	1217.9892

	7.5
	1029.2774
	19.75
	1076.9567
	32
	1124.4619
	44.25
	1171.7930
	56.5
	1218.9499

	7.75
	1030.2522
	20
	1077.9279
	32.25
	1125.4296
	44.5
	1172.7571
	56.75
	1219.9105

	8
	1031.2269
	20.25
	1078.8991
	32.5
	1126.3972
	44.75
	1173.7211
	57
	1220.8710

	8.25
	1032.2015
	20.5
	1079.8702
	32.75
	1127.3647
	45
	1174.6851
	57.25
	1221.8314

	8.5
	1033.1761
	20.75
	1080.8412
	33
	1128.3322
	45.25
	1175.6490
	57.5
	1222.7917

	8.75
	1034.1506
	21
	1081.8121
	33.25
	1129.2996
	45.5
	1176.6129
	57.75
	1223.7520

	9
	1035.1250
	21.25
	1082.7830
	33.5
	1130.2669
	45.75
	1177.5766
	58
	1224.7122

	9.25
	1036.0994
	21.5
	1083.7538
	33.75
	1131.2341
	46
	1178.5403
	58.25
	1225.6724

	9.5
	1037.0736
	21.75
	1084.7245
	34
	1132.2013
	46.25
	1179.5039
	58.5
	1226.6324

	9.75
	1038.0478
	22
	1085.6952
	34.25
	1133.1684
	46.5
	1180.4675
	58.75
	1227.5924

	10
	1039.0220
	22.25
	1086.6658
	34.5
	1134.1354
	46.75
	1181.4310
	59
	1228.5524

	10.25
	1039.9960
	22.5
	1087.6363
	34.75
	1135.1024
	47
	1182.3944
	59.25
	1229.5122

	10.5
	1040.9700
	22.75
	1088.6067
	35
	1136.0693
	47.25
	1183.3577
	59.5
	1230.4720

	10.75
	1041.9440
	23
	1089.5771
	35.25
	1137.0361
	47.5
	1184.3209
	59.75
	1231.4317

	11
	1042.9178
	23.25
	1090.5474
	35.5
	1138.0028
	47.75
	1185.2841
	60
	1232.3913

	11.25
	1043.8916
	23.5
	1091.5176
	35.75
	1138.9695
	48
	1186.2472
	60.25
	1233.3509

	11.5
	1044.8653
	23.75
	1092.4877
	36
	1139.9361
	48.25
	1187.2103
	60.5
	1234.3104

	11.75
	1045.8389
	24
	1093.4578
	36.25
	1140.9026
	48.5
	1188.1732
	60.75
	1235.2698

	12
	1046.8125
	24.25
	1094.4278
	36.5
	1141.8690
	48.75
	1189.1361
	61
	1236.2291


Table 36  Look Up Table For The Drift Tube And Nebulizer Rtd


Error! Objects cannot be created from editing field codes.
Figure 8  Air Temperature RTD Circuit with Calibration Circuit
The circuit shown in Figure 5.0 is for the Drift tube and nebulizer Temperature RTD. The Op-Amp circuit along with the 8 feedback resistors make up the 2.5 mA constant current source. The 8 resistors are actually two thin film resistor networks of four 100K ohm and four 1K ohm resistors. The resistor networks were chosen to create a tight tolerance ratio and good thermal tracking to minimize the absolute error over temperature. During normal operation the switch on the left is closed (sw on right open) to allow the 2.5 milliamps to flow through the RTD. The voltage across the RTD is sampled by a channel on the Multiplexer A/D. The voltage divided by the current output from the constant current source (measured in calibration mode) is calculated in the software to give the RTD ‘s resistance value. Then the look up table is used to determine temperature. Prior to measuring temperature, software will open the switch on the left and close the switch on the right to pass the 2.5 milliamp current through the metal foil resistor. This calibrates the current source by reading the exact value through the same A/D as the real temperature measurement will use and divides it by 1000 ohms yielding the true current value. Any errors such as offset, etc. will be calibrated out at one temperature. The metal foil resistor is chosen for its tight tolerance and excellent long term thermal stability.

The RTD is rated as Class A with four leads configured as a Kelvin connection. Although there are four leads, in our application with an absolute error of 0.5 degrees C, it is only required to use a single ended measurement to meet spec. So a three-lead resistor would be adequate, however the standard product for a Class A RTD is four leads. Therefore we tie the two leads together on the ground side.

2.29 RTD TO MEASURE EXTERNAL COLUMN HEATER TEMPERATURE 

Read RTD via muxed A/D -
See 4 Channel Multiplexed A/D Converter Section

Calibrate RTD -
  

See RTD Current Source Calibration Circuit Section

RTD  Resistance -

500 ohm  @ Zero Degrees C

Figure 6.0 shows the constant current source of 1.0 mA used to source current through the Column Heater RTD (Not Shown) Q1A and Q2A are used to temperature compensate the current source. The Op-Amp along with Q1A, Q2A, Q1B and Q2B form the one milliamp current source. Q1A, Q1B, Q2A and Q2B are contained in one quad transistor array.  All four transistors are in the same package but not on the same substrate. Q2B is a buffer stage that increases the input impedance to (1+Beta) times 200K ohms.

The foil resistor shown in Figure 4.0 is the same used for the Oven Air Temperature Calibration. So the Multiplexed A/D reads the calibration voltage from across the same resistor with a smaller constant current source.
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Figure 9  External Column Heater Temperature RTD Circuit With Calibration Circuit
Error! Objects cannot be created from editing field codes.
2.30 RTD CURRENT SOURCE CALIBRATION CIRCUIT

Read CAL voltage via muxed A/D -
See 8 Channel Multiplexed A/D Converter Section

Write Register -



500025 

Register Signals -


_RTDCAL_ALL







_RTDCAL_AIR


Cal Resistor -



1k ohm

Calibration of ether the 1.0 mA Column Heater current source or the 2.5 mA Oven Mass current source is performed by directing one current source at a time through a 1k foil resistor (Rcal). There is only one foil resistor for calibrating both current sources. The two signals _RTDCAL_AIR and _RTDCAL_ALL control which current source flows through the resistor (see below table).  After these two signals are configured the voltage across the foil resistor is read by the Muxed A/D and is then used as a calibrating ratio ( Vcal / Rcal).  This ratio is used after the RTD voltage is known to solve for the RTD resistance by the equation:

Rrtd = [Rcal x Vrtd] / Vcal

With this equation, the precise value of the RTD is known allowing for the RTD temperature to be determined.

	Calibrating
	              Signal Name

	Current Source
	_RTDCAL_AIR
	_RTDCAL_ALL

	Oven Mass 
	0
	1

	External Column
	1
	0

	None
	1
	1

	Error
	0
	0


    
Table 37  RTDCAL_AIR And _RTDCAL_ALL Control Bits
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      Figure 10  Calibrating RTD Circuits

2.31 8 Channel Multiplexed A/D Converter

Write Register - 

500019 

Control Signals -

BUFFER





_RESET





_DSYNC
 


A/D Communications -

QSPI


A/D Chip Select -

See PLD Logic Section


A/D Clock -


4.096MHz

The ADS1240 is a 24-bit 4 channel multiplexed Delta Sigma A/D converter.  The A/D converter takes the analog output from the 3 temperature sensors(drift tube oven RTD, optics bench thermistor, and Ext. Col. Heater RTD), 1 calibration circuit, a pressure sensor, feedback from analog output 1 and feedback from the gas pressure dac and converts it into digital form for the processor.  See datasheet for additional details.

	Channel
	Signal Description

	1
	Ext. Column heater RTD

	2
	Drift Tube RTD

	3
	RTD calibration resistor

	4
	Optics bench Thermistor

	5
	Nebulizer RTD

	6
	Analog output 1

	7
	Gas pressure regulator DAC

	8
	Pressure Transducer


Table 38- Multiplex A/D Channel Signals
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