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1.0 INTRODUCTION





1.1 DOCUMENT INTENT





The intent of this document is to provide the reader with a detailed summary of the design criteria which must be maintained in order to insure product performance. The three perspectives considered are performance to the customer, testing of the product and future applications of the product.





1.2 PRODUCT DESCRIPTION





The Analog PCB may be broken down into the following major functional sections required to convert the sample and reference photodiode currents into voltages and then into digital words presented to the host CPU. The Analog PCB is actually two PCBs assembled as one with a break away scored down the center. After assembly prior to testing the PCB is broken apart ATE tested then assembled into a sandwich





Opto-Isolation Circuits for Serial Communications to be provided by the host CPU


�SYMBOL 183 \f "Symbol" \s 10 \h�	Power Supplies Required from Host CPU


�SYMBOL 183 \f "Symbol" \s 10 \h�	PLD Logic and Reset Circuit


�SYMBOL 183 \f "Symbol" \s 10 \h�	QSPI Serial Communications Logic and Chip Selects


�SYMBOL 183 \f "Symbol" \s 10 \h�	Integrator and Sample & Hold Switch State Machine Logic and Timer


A/D Interrupt Decode


Diagnostic function to halt Sample & Hold in Hold Mode to measure Droop


�SYMBOL 183 \f "Symbol" \s 10 \h�	Reset Circuit, SYNC and Reset Decode


+5 VDC Voltage Reference for both Sample and Reference A/Ds


Two 24 Bit Delta Sigma Analog to Digital Converters one for Sample and One for Reference


Two Integrator Amplifiers one for Sample and One for Reference


Two Sample & Hold Amplifiers one for Sample and One for Reference


8.192 MHZ Crystal Oscillator for PLD and A/D Clocks





The main function of this PCB is to provide two digital words to the host CPU representing the sample and reference photodiode currents. The communications takes place from the host CPU to the Analog PCB via a Motorola QSPI Serial Interface Bus. Sixteen bits of data are transmitted and sixteen bits of data are received simultaneously. The data communicated contains a command register, integration time command register, identity register, previous command register and  a previous integration time register. 





The Analog PCB requires five power supplies +11, -11 +5, -5 VDC analog and +5 VDC digital 


with their grounds tied together at the power supply. 





REFERENCE DOCUMENTATION


	


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





WATERS PART NUMBER�
DOCUMENTATION DESCRIPTION�
�
�
�
�
081184�
Assembly, 2487 Analog Front End Amplifier�
�
081187�
Schematic, 2487 Analog Front End Amplifier�
�
081185�
PCB, 2487 Analog Front End Amplifier�
�
081186�
Artwork, 2487 Analog Front End Amplifier�
�
081329�
Programmed, PLD, 2487 Analog Front End Amplifier�
�
081318�
Assembly, Sandwich 2487 Analog Front End Amplifier�
�



�



2.0 FUNCTIONAL DESIGN AND PERFORMANCE SPECIFICATIONS





FUNCTIONAL DESCRIPTIONS





Figure 1.0 shows the major functional blocks and Input/Output connections of the Analog PCB. 





�EMBED Visio.Drawing.6���


1.0 Analog PCB, Major Functional Blocks and I/O Connections








2.2 I/O CONNECTIONS





Figure 1.0 also shows all the input and output connections on the Analog PCB. There are a total of 7 connectors located at three locations on  the PCB (see the Assembly Drawing). In order to ease mating of cables assemblies to their proper connector location on the Analog PCB, most connectors are labeled in silk screen with their functional name instead of a J or P numbers like J1, J2, P1, P2,etc. For example the power/signal cable is labeled TO/FROM_CPU. The only exceptions are the board to board connectors used for connecting both boards together in the sandwich assembly. These connectors mount on each PCB and connect directly together, no cable required.





The following table describes the function of each I/O connector and it’s reference designator name. To determine the connector type used refer to the Assembly Drawing. To determine the pin out of the connector refer to the Schematic. 











�






CONNECTOR 


REF DES NAME�
FUNCTIONAL DESCRIPTION�
�
�
�
�
TO/FROM_CPU�
Signals to and from the CPU are transferred via the QSPI serial communications. These signal go directly to the PLD and the two delta sigma A/D converters. Also the five power supply voltages and ground connections are present in this connector.�
�
R_GRN�
A single gold pin/socket connector which connects to the reference side photodiode’s cathode.�
�
R_YEL�
A single gold pin/socket connector which connects to the reference side photodiode’s anode.�
�
S_BLK�
A single gold pin/socket connector which connects to the sample side photodiode’s cathode.�
�
S_RED�
A single gold pin/socket connector which connects to the sample side photodiode’s anode.�
�
P1, J1�
Board to board connectors which carry signals and power between the two boards which make up the analog PCB sandwich.�
�



2.3 FUNCTIONAL THEORY OF OPERATION





Each of the main functional sections of the Analog  PCB will be described in this section, refer to the schematic for circuit implementation and to Figure 1.0 for a block description. The following table summarizes each page of the schematic and what functional circuits are present.





Schematic Page Number�
Functional Circuits Present�
�
�
�
�
1�
Reference side integrator, sample & hold, S&H analog switches, delta sigma A/D converter and the +5 VDC reference for both sample and reference A/Ds.�
�
2�
Sample side integrator, sample & hold, S&H analog switches and  delta sigma A/D converter. �
�
3�
Three connectors and various de-coupling capacitors. Two board to board connectors labeled P1 & J1 which carry signals and power between the two boards making the sandwich. Also the flat ribbon connector labeled TO/FROM_CPU which carries signals and power between the analog board and the CPU.�
�
4�
Contains the PLD, crystal oscillator, Reset circuit and an inverting hex driver CMOS IC used to buffer the digital signals going to the delta sigma A/Ds.�
�



2.3.1 OPTO-ISOLATION CIRCUITS FOR QSPI SERIAL COMMUNICATIONS TO BE PROVIDED BY THE HOST CPU





The QSPI serial interface is developed using five signals, 2 MHZ  gated clock CPU_SCLK, two binary decoded chip selects CS0 & CS1, a serial transmit line CPU_SDATA_OUT and a serial receive line CPU_SDATA_IN. Each of these five signals gets an Opto-Isolator located on the host CPU. The PLD provides the hardware control to handle the handshaking with the host CPU to communicate via the QSPI interface. All host CPU control is through the QSPI serial interface. The details on the required handshaking will be discussed in the Electrical Performance Specification Section. In addition to the QSPI signals a sixth signal is used called _CPU_INT which provides an interrupt to the host CPU for each sample and reference data pair available from the delta sigma converters.





�



POWER SUPPLIES REQUIRED FROM HOST CPU





The analog 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 milliampheres and a total voltage tolerance of less than +- 3%. Also a digital VCC (+5VDC) logic supply is required to supply < 250 ma and a voltage tolerance of less than +-5 %.








2.3.3 PLD LOGIC AND RESET CIRCUIT





	2.3.3.1 QSPI SERIAL COMMUNICATIONS LOGIC AND CHIP SELECTS





The Motorola’s 68332 User’s Manual talks about the QSPI from the host CPU side. The Analog PCB PLD simply controls and responds to the five signals, 2 MHZ  gated clock CPU_SCLK, two binary decoded chip selects CS0 & CS1, a serial transmit line CPU_SDATA_OUT and a serial receive line CPU_SDATA_IN. The 2 MHZ clock is used to synchronize the 16 bit transmit word and 16 bit receive word which happens simultaneously when the Analog PCB Chip Select is activated by the host CPU. Only the host CPU may initiate communications. 





The sample and reference delta sigma converters are also connected directly to the QSPI bus where all commands and data are transmitted to and from the Analog PCB and host CPU. The PLD provides the required chip selects by performing a binary decode of the two signals CS0 & CS1.  The following table shows the select logic for each of the QSPI addressable devices.





CS1�
CS0�
DEVICE SELECTED�
�
0�
0�
PLD�
�
0�
1�
Reference Delta Sigma�
�
1�
0�
Sample Delta Sigma�
�
1�
1�
None�
�



See also the Electrical Performance Specification Section and the Software Section for more information.











2.3.3.2  INTEGRATOR AND SAMPLE & HOLD SWITCH STATE MACHINE AND TIMER





Reference and Sample channels are identical each containing 5 analog switches to be controlled. The PLD contains a single state machine which controls both channels simultaneously to avoid any common mode errors. The following discussion will describe the Reference channel ( sheet 1 of schematic), however the same applies to the Sample channel (sheet 2 of schematic).





U2 is a Harris HI7190 24 Bit Delta Sigma A/D Converter which has a cubic sync digital filter providing attenuation notches at integer multiples of the decimation sampling frequency. The intent of the state machine is to provide multiple integration cycles per decimation period. Making the integration cycle frequency an integer multiple of the decimation frequency ensures all switching frequencies of both the sample & hold and integrator will align on the cubic sync filter notches and will be sufficiently attenuated so as not to appear on the delta sigma converter’s output.


�






U10 is a Burr-Brown  IVC102 Integrator which contains two analog switches. S1 is the integration switch connected from pin 2 of the chip to the negative input of the internal op-amp. When the switch is closed (high) current from the photodiode flows through the switch and charges the internal integration capacitor (MOS cap). When S1 is open (low) the integration is halted and the output of the integrator may be sampled by the sample & hold. S2 in parallel with the integration capacitor is the reset switch used to discharge the integration capacitor prior to beginning a new integration cycle. When S2 is open (low) the capacitor may charge and when closed (high) the capacitor will discharge. The two control signals generated from the PLD state machine are A_INT_HOLD and A_INTEGRATE used to control S1 and S2, respectively.





U6, U8, R16, R18, C8 and C9 are the components which make up the balanced sample & hold amplifier. S3 is comprised of  two switches from U8 on pins 14 to 15 and pins 11 to 10, they function simultaneously which selects either  sample mode or hold mode of the sample & hold. S3 open (low) results in the sample & hold being in hold mode while with S3 closed (high) its in sample mode. S4 is the last switch used and is between pins 6 to 7 of U8. S4’s function is to minimize feed through when the sample & hold is in hold mode. S4 is open (low) when in sample mode and closed (high) when in hold mode. The two control signals generated from the PLD state machine are A_HOLD and A_SAMPLE used to control S3 and S4, respectively.





The state machine which is totally in the PLD controls the six switching states and the variable timing between state transitions using the divide by timer of the 8.192 MHZ clock. Refer to Figure 2.0 for a simplified schematic representation of  the six states making one integration cycle.


�
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2.3.3.3 A/D INTERRUPT DECODE





The sample and reference A/Ds are synchronized to within one 8.192 MHZ clock. Reading the A/D data should be performed in the following sequence. Data and setup commands should first be sent to or read from the reference A/D then to the sample A/D. The reason for this is simply that the sample A/D’s Data Ready Line is used to generate the interrupt which is sent to the CPU signaling that the conversion is complete and both A/Ds have data to be read. The period of this interrupt will be determined by the delta sigma sampling period or decimation period. Therefore the sampling clock function is provided by the Analog PCB which should achieve the least amount of jitter.











�



2.3.3.4 DIAGNOSTIC FUNCTION TO HALT SAMPLE & HOLD IN HOLD MODE TO MEASURE DROOP 





The purpose of this diagnostic function is to halt both Reference and Sample Channel Sample & Hold Circuits in hold mode the next time the state machine crosses state zero from the time the command is issued. While in hold mode the characteristic of the output voltage droop will indicate such things as board cleanliness and functional performance of the sample & hold itself. This function is available for production testing of the analog PCB.





2.3.3.5 RESET CIRCUIT, SYNC AND RESET DECODE





The analog PCB contains a RC time constant circuit used for power up reset which allows at least 1 second before the high active reset signal EXT_RESET is deactivated and the PLD is allowed to run. The PLD controls the RESET and SYNC lines to both Reference and Sample delta sigmas. The Reset has two inputs, one is power on reset and the other is from the host CPU which will reset both delta sigmas if set. The SYNC command comes from the host CPU to the PLD then the PLD sends the SYNC command to both delta sigmas. The purpose of the SYNC command is to zero both delta sigmas cubic sync filters so both channels are sampling in time to within one 8.192 MHZ clock period.





2.3.4  +5 VDC VOLTAGE REFERENCE FOR BOTH SAMPLE AND REFERENCE A/D’s





U1 is a LT1236 low noise, buried zener voltage reference with an output voltage of +5 VDC. The input voltage to the reference is +11 VDC, no adjustment are required to achieve the desired output. Both Sample and Reference Channel delta sigma converters use this +5 VDC reference voltage to achieve a ratiometric cancellation in the AU calculation of log(Reference/Sample).








2.3.5  TWO 24 BIT DELTA SIGMA A/D CONVERTERS ONE FOR SAMPLE AND ONE FOR REFERNCE





The delta sigma used on each channel is a Harris HI7190 24 bit converter which contains an internal cubic sync digital filter, variable decimation sample rates, etc. See the Harris spec sheet for more information. The power supplies required are one +5 VDC for digital and both a +5VDC and -5 VDC for analog. Communications from the host CPU is through the QSPI bus. 





2.3.6  TWO INTEGRATOR  AMPLIFIERS ONE FOR SAMPLE AND ONE FOR REFERENCE





The integrator used is a Burr-Brown IVC102 part which provides the op-amp, two analog switches and an internal 100 microfarad mos capacitor in a single package. The board cleanliness in the guarded area around the input of the integrator is critical. The advantage of the integrator over a standard transimpedance amplifier is a variable gain stage is achievable in software so no potentiometers are required and Johnson noise for higher gains is reduced by eliminating the large value feedback resistor. The transfer function of the integrator is simply Vout = Integration Time * Photodiode Current / 100 microfarads. So by varying the Integration Time the gain may be adjusted in software by the host CPU sending the desired integration time via the QSPI to the PLD.














�



2.3.7  TWO SAMPLE & HOLD AMPLIFIERS ONE FOR SAMPLE AND ONE FOR REFERENCE





U6, U8, R16, R18, C8 and C9 are the components which make up the balanced sample & hold amplifier. The settling of the sample & hold to the desired linearity is completed in less than 75 microseconds. C8 and C9 are currently polystyrene capacitors which are sensitive to heat and have open ends and therefore may not be machine washed. The board cleanliness is critical in the guarded area between the analog switch and the sample and hold. A diagnostic test mode in the PLD will be available to use in the production test of the analog PCB.








2.3.8  8.192 MHZ CRYSTAL OSCILLATOR FOR PLD AND A/D CLOCKS





The 8.182 MHZ clock frequency is generated by a SMD crystal oscillator package shown on the schematic page 4. There is a disable/enable pin available for test engineering. Notice the output is buffered using a HC technology inverter. The purpose of the inverter is to slow down the rise and fall edges of the clock (dv/dt) to minimize the charge injection through the gate drain capacitors of the analog switches. Also all signal from the PLD to the analog  section are buffered the same way.





2.4 ELECTRICAL PERFORMANCE SPECIFICATION





2.4.1 HOST CPU TO ANALOG PCB QSPI INTERFACE





The QSPI serial interface is developed using five signals, 2 MHZ  gated clock CPU_SCLK, two binary decoded chip selects CS0 & CS1, a serial transmit line CPU_SDATA_OUT and a serial receive line CPU_SDATA_IN. The 2 MHZ clock is used to synchronize the 16 bit transmit word and 16 bit receive word which happens simultaneously when the Analog 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.


�
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For a detailed discussion of the register structure used within the Analog PCB PLD refer to the software section of this specification.








2.4.2 REFERENCE AND SAMPLE CHANNEL A/D CONVERTER SPECIFICATIONS





Sample and reference A/D’s are identical in performance. Both are 24 bits with about performing at a true 19-20 bits.





Linearity Specification: Is based on a system specification of +- 5 % at 2.5 AUFS. Each channel is sampled then the reference over sample ratio is taken and the common log of this ratio is the AU value. This value or stream of values are passed through a modified hamming filter with a time constant set at 1 second. So with a full scale reading of 2.5 AU the maximum non-linearity error of the system is 5%. The error budget is shared over the optical components as well as the electronics. The A/D’s themselves shouldn’t exceed 1/10 of this budget or +-0.5 % non-linearity.





Dark current noise with both sample and reference photodiodes connected to the circuit should not exceed 750 counts peak to peak in a stable system (no drift) over a 30 second period without any external vibrations.





Sample and hold droop or leakage is to be measured using the diagnostic ( see software section) and measured over a 40 second period. The droop should not exceed 2-3 million counts.


After November, 2002 this test may alternatively be tested for 50 milliseconds with a reduced specification of 1200 counts maximum.


�



2.4.3  ANALOG PCB POWER SUPPL REQUIREMENTS





The following table describes the input voltages and currents which must be supplied to the analog PCB in order to obtain normal operation. The Power Connector pin assignments can be found in the schematic. The 5 VDC Logic is to be fused on the host CPU to protect the flat ribbon cable in case of a skewed the connector . All supplies should have a maximum regulation specification of +- 3%.








Supply Voltage�
Load Current


�
�
  5   VDC Digital	�
< 250 ma�
�
  5   VDC Analog�
<   50 ma�
�
- 5   VDC Analog�
<   50 ma�
�
 11  VDC Analog	�
<   50 ma�
�
-11  VDC Analog�
<   50 ma


�
�



3.0 PHYSICAL SPECIFICATIONS





3.1 MECHANICAL SPECIFICATIONS





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





Analog PCB Weight		2.3 Oz. Or 65 Grams





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





SAFETY





The only voltages supplied to the Analog PCB are low voltage DC.





4.0 SOFTWARE AND DIAGNOSTICS SPECIFICATIONS





4.1 DROOP TEST  DIAGNOSTICS





The purpose of this diagnostic function is to halt both Reference and Sample Channel, Sample & Hold Circuits the next time the state machine crosses state zero from the time the command was issued. While in hold mode the characteristic of the output voltage droop will indicate such things as board cleanliness and functional performance of the sample & hold itself. This function is available for production testing of the analog PCB. The host CPU initiates this diagnostic by acquiring 100 or so data points at 100 sample per second then activates both the Reset and SYNC bits in the analog PCB command register to the PLD via the QSPI bus. Then the host continues taking data for 40 plus seconds. A single command is available in the host CPU diagnostic software which implements this function called MOVEANDACQUIRE.


�



4.2  QSPI SOFTWARE COMMUNICATION REGISTERS





There are five major registers within the PLD that the host CPU may write to or read from. The Command Register and the Integration Time Command Register are the only registers  the host CPU may write to. These two registers are used to initiate all the Analog PCB Events. The other three registers are read only registers, the Identity Register used to identify which version of analog PCB the host is communicating with., the Previous Command Register used as a diagnostic to verify the previously sent command, and the Previous Integration Time Register which is used as a diagnostic to verify the previously sent Integration Time. The following Figure 3.0 and definitions are used to describe the communications and registers.
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Figure 3.0 QSPI Register Structure contained in the PLD.
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