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From: Steve Ross
Skross@anl.gov

Phone 630 252-9510

fax 630 252 9350

401-c1252

APSASD/Electricd Systems Group

ABSTRACT:

Description of electrometer amplifiersapplied to PIN diode based x-ray
beam position and intensity monitors. This document iswork-in-
progr ess, suggestions welcome.

APS/ASD/ESG has developed an electrometer amplifier sensitivein the
range of picoampsto microamps. Thislow cost amplifier hasa high
(10°) dynamic range, and also a bandwidth of up to 1600 samples/sec.
Itsnoisefloor isin therange of 100 pA RMS (1600 HZ). Inone9” x 5”
package, called an ADCMOD2 module, there are 4 such electrometers.
The main application at the APSisto monitor the output of 4 detectors,
commonly PIN diode detectors, for x-ray beam position monitoring.
Data from these modulestravels over fiber opticlinkstoaVME card
set. Thedatathen can beread from the VME bus. We believethat a
basic system would read 16 PIN diode current sources, but thereare
several variations. We work with the beamline personnel to get a
system up and running.

PIN diode Users Guide 12-17-02.doc
Rev date: 12/14/2002

CONTENTS: This memo describes dectronics developed to read currentsin the
range of picoamperes to microamperes. The primary application isto serve asan
electrometer for various arrangements of x-ray detectors. For example this eectronicsis
being used to measure the current from PIN photodiodes, which in turn serve as x-ray
beam position and intensty monitors. (X-BPM).

Thismemo is organized asfollows
(1) We give background information about why this electronics was developed and
where it wasinitidly applied.
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(2) Wegive adescription of the x-ray detector typicdly used — afour quadrant array
of PIN diodes.

(3) We give a specification for the electrometer, based on design and on data taken at
sector 32.

(4) We describe the data acquisition system based on afiber optic link back to a
VME card set. We show what VME cards are necessary to make the system
work and discuss some of the options. A basic system is defined to be one
running 16 PIN diodes.

(5) We discuss software requirements. The electronics can be controlled remotely,
from the VME bus. One-time output setup scripts are described. We describe how
to read the returned data.

(6) Weligt anumber of issuesthat typicaly must be addressed to get the system at a
particular beamline a the APS. We work with you to ingal a system and we
provide amogt al parts. Costs are discussed.

(7) Wegiveinformation ussful to running the syslem. This section is continualy
being edited, to be clearer, and as we gain more experience with users running
registered mode.

(8) Schematic information. This section will grow into a description of where dl the
design files are documented. It will mainly be of use to ESG personnd.

(9) Futurefeatures. Thisdiscusson will be never ending.

(20 APPENDIX. For now thisiswhere | add information mainly relevant to
the digital storage scope mode, and sector 32 operation. 1t will however help me
to go over this mode with beamline users who may want to move over to it.

(1) BACKGROUND. This dectronics was originally developed per the
gpecifications of ComCAT sector 32 a the APS[REF: Steve Wasserman, Kevin
D’Amico]. Thiswork in turn wasinspired by an RSl paper discussing results from an
earlier dectrometer design. A copy of thisdectronicswasingaled at COMCAT in early
2000, with the primary gpplication of EXAFS measurements. Their eectronics collects
12 PIN diode signals, plusthe signa from the encoder on the x-ray monochromater. As
the energy is swept, plotting one versus the other gives an EXAFs curve. Thusthis
system works in “digital storage scope mode’, as contrasted with “register mode”.
(These modes of operation will be further discussed below.)

(2) PIN DIODE DETECTOR. The detector arrangement was based on
desgns a sector 19 [ REF: RW.Alkire, G. Rossenbaum, G.Evans J. Sync Radiation
(2000) 7 p.61]). Randy gave me acopy of thisarticle in pdf format. The basic ideaiis
that the monoenergetic x-ray beam passes through a hole in the circuit board holding the
PIN diodes, and then on through athin metal foil, and then on to the experiment. The
backscattered fluorescence from the metd foil is detected by the four diodes arranged as
aquadrant. Asthe beam moves closer to one diode, its sgnd strength will increase.
Standard centroiding or difference over sum caculations can then show beam position. |
believe that only Randy a sector 19 has actualy moved the quad PIN detector in a
cdibrated way, and this was done without using this set of eectronics. But based on his
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work, and the pecifications of this system, it islikely that the position of the beam can
be estimated with sub-micron precison.

The red wire of the PIN diode connects to the signd input of the amplifiers; the black
wire connectsto the ground. The PIN diodes have acommon (analog) ground at the
printed circuit board. Four pairs of wires go from the amplifiersto the four PIN’s.

Randy works with companies which supply the fail xxxxname?. One issue is thet the fail
needs to be without “wrinkles’, that it be flat. Otherwise, asthe APS SR x-ray beam
moves across the fail, the sgna will change smply from the ups-and-downs of fail itsdlf.
The vendor will gtretch the foil over a beveled washer, to make it tight like the head of a
drum. With micron thick foils, beamlines report current levels of 100's of nanoamps, a
good match to the electrometers described here.

Randy aso makes the following comments about use of this type detector [REF: email
12/11/02):

1. Al metal foils are pressure sensitive but usually conpare well to
t he response one gets froman ion chanber i.e., response versus energy.
For kapton backed foils, the response may differ froman ion chamber due
to the multiple elenents involved in both fluorescence and scattering.

2. Separating the diodes fromthe foil is a good idea but not essentia
to performance. It does allow one to turn the BPM on and off by sinply
renoving the foil. Also if the diodes are nmoved and not the foil during

calibrations the uniformty of the foil beconmes |l ess of an issue.

3. These diodes are light sensitive and that neans ANY light, including
light fromion gauges if they are nearby.

4. Foils can becone contani nated with carbon deposits over tinme and may
require replacenent. Not an issue for operations of |ess than a year

5. This device is only for nonochromatic operations, not white |ight.

The mechanica design for the PIN diode holder has since undergone severa design
changes. These were done for the convenience of other APS CAT’s. Some beamlines
have unique mechanica condraints. The point isthat in short order we can work with
the beamline user sto develop custom printed circuit boardsfor this mounting.
Three examples of such printed circuit boards are shown. [FIG 1 A,B,C,D,E]
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FIG 1A Thisisthe basic printed circuit board type design (DIODES) holding the four
UDT 1 cm2 PIN diodes. Itis about asmdl as possible with these diodes. The center
hole in milled out to about 0.5 inch diameter. This circuit board fitsinto a KF-40 or KF-
50 Sze vacuum system.
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FIG 1B,C A photograph, and adrawing of the diode6 design. This printed circuit board
fitsinto a KF50 cross and positions the diodes in the center. Standoffs hold a second
circuit board gpproximately 1 cm. above it and this circuit board holdsthefoil. Thisisa

very Smple one-piece design for medium vacuum conditions.
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FIG 1D Photograph of DIODEL layout. Again thisisjust another variation of how the
diodes can be arranged. Red wires signd, black wire are grounded together on the PCB.
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1 THRY 25 X 45 CHAMFER
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FIG 1E thisisthe design for the diode detectors at sector 32. (DIODEL) The diodes are
on acircuit card, which can dide into a cardholder type mount. At this sector, the metal
foils can be changed remotely, so that different foils can be inserted for different EXAFs
cans

(3) SPECIFICATION FOR THE ELECTRONICS.

We have two eectrometer modules based on an integrated charge amplifier and based on
avoltage amplifier. Almogt dl the discusson here rdaes to the charge amplifier. Itis

the vergon currently going out onto the APS storage ring beamlines. We anticipate the
use of the voltage amplifier when the signd currents exceed about 5 uA.  Grounding for
optimum noise performance is an open issue to be addresses at each beamline.

CHARGE AMPLIFIER. Theandog characteristics of the electrometer are based on
the Texas Instruments Inc. (formerly Burr Brown Inc.) ddc112 integrated circuit. To see
its gpecifications, go to www.ti.com and search on the ddc112 chip. A photograph of the
printed circuit board is given (FIG 2) All the modes and options discussed in the data
sheet are implemented in our system. However because ultimately the integrated circuit
uses a 20 bit analog-to-digitd converter (ADC) we find that most options, most “bells
and whistles” are not needed. Twenty bitsis adynamic range of amillion. Whenrunin a
somewhat standard manner (using the externa 220 pf capacitor for maximum rated full
well), we observed the following in digitd storage scope mode:

*4 Channels — currents from 4 unbiased PIN diodes processed in each module
*Maximum readout rate 1600 samples/sec per diode [1]
*Noise of dectronics done <25 pA RMS (has not yet been optimized)
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*Noise of system, including UDT S100-VL 1 cm? diode <100 pA RMSS (battery), 200 pA
RMS (lab supply)

*Dynamic Range: 20 bit ADC, LSB =1 pA, full =5UA [2]

*Typicaly al charge collected (one amplifier is collecting while another is processing
through ADC)

*Vaidble gan, variable integration time, set by VME commands [ 3]

*Fiber optic digitdl readout back to/from VME

» Software controllable (see below)

Notes:

[1] Seediscussion of conv command.

[2] Will change with Sgnd averaging.

[3] See the range command and the conv command

We found that the twisted pair wire that connects the PIN diodes to the e ectrometer can
be up to 2 metersin length, we have not pushed thislimit yet. Thus the € ectrometers do
not need to be located right at the detector.

Each ADCMOD2 module requires about .38 anps. The supply voltage should bein the
range of 9-14 volts, | typicaly use +10 volts Iab supply. Thissupply is*cleaned up” with
avoltage regulator chip. The units can be powered by a+12 VDC battery, which can last
for about 12 hours. (See aso future-features section)

The ddc112 data sheet discusses severa parameters that can be varied, the most
important being gain control and its own readout mode (not to be confused with readout
modes of the overal system, discussed below). Gain range control is performed by
varying the feedback capacitor. (See range command.) More often used is gain control
implemented by varying the integration time. Of course longer integration times dow
down the overdl datarate. The twoddc112 readout modes are “continuous’ and “non-
continuous’ modes. The charge amplifier can ether integrate dl charge coming to it
(continuous), or, if thesgnd leve ishigh, it can integrate short windows, then go
insengtive (discontinuous). These short windows of operation realy do not speed up the
sample rate however, astheinterna conversons and processing gtill consume afixed
overhead time. A readout rate of about 1600 Hz is about asfast asthingsgo. We
mention that we have not yet pushed the limits of gain control. Eventualy we will place
on the circuit board feedback capacitors larger than those specified in the data sheet, with
the god of being able to measure higher current levels with acceptable linearity.

As we discussed this system with other APS users, we redized that most users actudly
want continuous readout of the XBPM. However about 1600 samples per second per
PIN typicaly istoo high for many beamline data sysslems. Data cannot be read into

EPICS a thisrate. We mitigate thiswith digitd sgnd averaging in the PASSTH4 card.
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FIG 2. Charge amplifier four channd eectrometer. It is placed into abox measuring 9
x 55" x25".

VOLTAGE AMPLIFIER. Ancther dectrometer printed circuit board has been
fabricated and partialy tested. At present | am not spending alot more time on this path,
but can return to it in the future. The main driver to create this system was from users
who wish to monitor higher levels of currents — microamps on up through milliamps.

The system can work at lower currents, but when we cross back into nanocamps, the
charge amplifier works very well.

Bascdly this amplifier conssts of an dectrometer grade operationd amplifier (Burr
Brown OPA129U). There are three gain ranges, remotely sdlectable. When a different
gain range is selected, amicro relay switchesin a different feedback resistor for the
amplifier. The andog amplifiersthen send Sgnd into a24 bit 40 KHz ADC (ADS
1252V). (FIG 3)
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FIG 3. A photograph of the voltage amplifier method for electrometers. This board
holds four chains of dectrometer voltage amplifiers. Datais digitized, and can be
packaged in away congstent with the charge amplifiers. There are V/F converters on
this board but thisis not a desired development path, ADC' s are better.

This hardware exists but work needs to be done to program the firmware. This hardware
is mechanicaly compatible with the charge amplifier gpproach. We could build another
circuit which would dlow toggling between the charge and voltage amplifiers— more

bells and whistles for the future.

(4) VME BASED DATA ACQUISITION —-WHAT YOU
NEED FOR BASIC SYSTEM.

We discuss abasic system — what you need. We aso discuss here two system readout
modes, with the emphasis on the registered mode. Keep in mind that these cards redlly
just form aVME based data acquisition system. In other words, as an option, we can
input into the data stream “ other” sources of data such as the timing of the APS top off
ggnd. Thereismuch flexibility here both in terms of hardware (connectors to
input/output the data) and firmware.
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4.1 BASIC SYSTEM..

We can define avery basic system as supporting four PIN diodes, one ADCMOD?2 card.

The next leve up isto have a system that supportsl6 PIN diodes, and thisis the system

we describe here. To do this the beam line needs:

(1) Qty 4: thequad PIN diode mechanica holders. See Section 2 of this memo.

(2) Qty 4: Four channel eectrometer eectronics boxes, “ADCMOD2’. These will
resde in the hutch, near the detectors. They arethe amplifiers. (FIG 2,3)

(3) Qty 4: terminated fiber optic cable pairs run from the hutch, to the control rack. Each
ADCMOD?2 board needs a pair of fibers, one tranamits, one receives. Typicaly the
fiber isbundled as 4,8,12 fibersin a cable. For example the breakout fiber (orange
color) has4 125/62.5 um fibersinit. We can provide the fiber.

(4) Qty 1: an APS supplied VME card “FIBERZ2” to receive the fiber optics (FIG4) One
of these cards can support four (4) ADCMOD2's.

(5) Qty 1: an APS supplied VME card “PASSTH4”, which can be read by aVME hogt,
suchasan IOC running EPICS. (FIG5)

Asdiscussed in section 3, the ADCMOD2 amplifiersread in the PIN diode signds,
convert to digital levels, and output viaafiber.. Each FIBER2 card can support 4
ADCMOD?2 cards, which in turn read 16 PIN diodes (e.g. four quad arrays). Each
FIBER2 card needs the PASSTH4 card to format the data to be read over the VME
backplane.
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Fig 4 FIBER2 VME board
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Fig 5. PASSTH4 VME board.

4.2 REGISTER MODE vs. DIGITAL STORAGE SCOPE MODE. Data can either
continuoudy come out of the ADCMOD2 cards (registered mode), or can be output for a
time, and then siop when alarge memory isfilled (digita storage scope mode). The
emphasisin thismemo is on the “register mode” of operation.

Registered Mode. The purpose of the register mode of operation is to take the data from
the PIN diodes and get it to alocation readable over the VME bus. The data comes out of
al the ADCMOD?2's, travels over the fiber back to the control VME rack. It is moved
into agtatic RAM memory in the PASSTH4 card. This memory can be read over the

VME bus by an A24/D16 parale input/output (PIO) command. The datais continuousdy
being updated. Thusthe register values will continuoudy change as new data arrives

from the electrometers.

Thusto read the sgnd of agiven PIN diode, the VME controlling computer would

access apecific VME A24 address. For example read the D16 values from hex address
0xf000, Oxf004, OxfO08, OxfOOc and you obtain the 16 bit PIN values. Thiswould
typicaly be a pardld input/output VME operation (P1O).

Thisis how the system stands now (12/2002). Two problems have now become obvious
tome (1) few beamlines can read the data OUT of the VME addresses as fast asthe
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electrometers can put the data IN. (The valuesin the registers would likely change about
every 800 us) Thus| have added sgnd averaging. PASSTH4 has the functiondity that
it sums up the Sgnas from a given electrometer (PIN diode), and then updates the VME
register at adower rate. Thisaveraging aso improves the noise performance (at atrade
off of bandwidth). The exact number of samplesthat are summed is TBD, not to exceeed
4096. This parameter will become more “user friendly” to change as| improve the
firmware. (2) The data samples, or averaged data samples are not co-registered in time.
If the VME system is not fast enough, it may read the PIN sgnd from diode 1 and 2 (for
example) at time t1, but not get back to reading the sgna from diode 3 and 4 until later.
This can be fixed without much trouble but it is not done yet. | am learning user
requirements as | go.

Digital Storage Scope Mode. The origina sector 32 dectronics was meant for EXAFS,
and as such recorded smultaneousy monochromater encoder position signas. A user-
specified number of samples were recorded into alarge (64MB) VME memory. (Ata
typica time between samples of 800 us, 1300 HZ, perhaps 50,000 samples), When the
specified number of samplesis collected, system stops acquiring data. The user isthen
expected to read dl this data from the VME memory into the host computer memory.

To implement this mode of operation, we need to add two more VME cards to the
system, for atotal of four cards. The data from the PASSTH4 VME card discussed in
section 4 is passed to asimilar card, caled the DC2. . The purpose of the DC2 card isto
handle al memory access. From the DC2, datais pumped into a commercid VSB/VME
dual ported D-RAM memory. Data flows into this memory over the VSB bus. Thisflow
does NOT interfere with VME commands on the VME backplane. Onceit is set up, and
told to acquire, it will handle the movement of dl datato the Chridin memory. The
Chridin memory can be read out whenever the users wishes, asit isdud ported. The
intent isthat the user wait until the “ storage scope’ type scans are complete before
commencing thislong transfer out.

In redity, the DC2 card gppears identica to the PASSTH4 card from which it receives
data, but the firmware ingde the Altera chipsis different. The Chridin, Inc.VME40
memory typically costs lessthat $700 for 64 MB cards. See www.chridin.com. This
company has provided such products for >12 years.

(5) SOFTWARE REQUIREMENT S. | run an entire stand-a one software

system based on a PC, Microsoft Windows, and MSVC++ 6.0 code. | don’'t expect this
to be particularly popular around the APS. | can bring it out for set up however. Thisis
how do acceptance testing.

| understand that | need to add mor e discussion to this section. There are several
details which are useful astime goes on, but not to “get up and running”. 12/2002.

| am working with Mark Rivers of BIOCARS14. He and | discussed how to get the data
into his EPICS system. Thus we hope you can just obtain hisEPICS drivers. Mark is
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using EPICS to control the feedback of a piezodectric crysta in the monochrometer, for
beam gtability. Tak to him about his EPICS PID controller record.

For the past 3 years, Steve Wasserman does dl this through SPEC.
We now discuss details of software setup, emphasis on the register mode.
5.1 SOFTWARE REQUIREMENTSFOR REGISTER MODE.

5.1.1 DATA OUT TO THE ADCMOD2 MODULES FOR SETUP. The user must
supply initidizing information to the ADCMOD2 dectrometer. For register based

readout, this data sets the electrometer’ s feed back capacitor gain range, the period for the
charge collection measurement, some details of for the DDC112 integrated circuit’'s
operation related to continuous or non-continuous modes, and ago-signd to begin to take
data. (For dc storage scope mode, this setup data must aso indicate how many samples
are required before terminating scan.)

Thisinitidizing need only be done upon power up. If you are happy with the gains then
it never needsto be repeated. Thisis acommon occurrence with the 20-bit ADC with
al0° dynamic range. All ADCMOD2 modules are set up identically (assuming they are
cabled in, and powered up.)

Internd to the system, over the fiber, between FIBER2 and ADCMOD2, datais passed as
serid bit streams 48 bitslong. A command to the ADCMOD?2 is 48 serid bitslong. For
the VME host to command the ADCMOD?2 it must writethree 16 bit hex wordsto
three specified “mailbox” addresses, then write a fourth word to a fourth addressto
trigger the serial burst. Thisprocessisthen looped to send additional 48 bit serial
bit commands. The specific addresses here can be st in the firmware, and need to be
discussed. This system was implemented to give some flexibility — part of the 48 bit
command isadevice address. Mogt users at present will only have one TY PE of device
out on the fiber link — a varied number of ADCMODZ2's. However sector 32 has
additiona devices.

Thefollowing isabasic stript. Only 5 commands arereally needed: range, pulse,
period, conv, go. Thereisnoreal order, but typically the go-command comes last.
Astimegoeson | will try to cover some of the “bells and whistle’ commands, they are
often for de-bugging and test.

Read the following script as AAAADDDD #comment.
For example f018a000 2range from the table below meansto my system:
Write A24,D16 by PIO transfer to the VME bus. Write to address 0x00f018. The datais

0xa000. The upper datalines (VME supports 32) are don't-care. The upper address lines
(VME supports 32 bit addressing) are don't care. VME supports address modifiers



Electrometer Users Guide 12-17-02.doc 16 of 38

(AM5:0), and various Sgnasto say the datais a LONG, which style ENDIAN in use etc.
While | bring these sgndsinto the Altera chip, as of now | do not decode them. Likely
thiswill be added, as | understand any issues users have with VME bus contention — it is
not difficult.

Commands below with comments 2range, 3range, 4range combine to form the 48 bit
gream internaly. The 5send command is smply are VME write to address 0x00f020
and triggers the internd serid stream.

Thus in the example the range command is (hex)
a000 0001 0000

the pulse command is
a000 0006 100f

the period command is
a000 0007 ffff

the conv command is
a000 0005 0280

the go command is
a000 0004 0001.

Thistest script isan input to my C++ code. Yours may vary dightly. Itisniceto have
the comments out to the Sde.

40 testdc2
f018a000 2range

f 0100001 3range

f 0080000 4range

f 020cccc 5send
f018a000 6pul se

f 0100006 7pul se

f 008100f 8pul se
f020cccc 9send
f018a000 1O0peri od
f 0100007 1l1ilperi od
foo8ffff 12period
f020cccc 13send

f 018a000 14conv

f 0100005 15conv

f 0080280 16conv

f 020cccc 17send
f018a000 18go

f 0100004 19go

f 0080001 20go
f020cccc 21send
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5.1.2 DATA COMING BACK FROM THE MODULES:

Interna to the system, and transparent to the user, data returning from and ADCMOD2 is
again packaged into 48 bits. These bits contain diagnostic, address and parity
information and dl the data bits from the ddc112. There are dip-switches on each
ADCMOD2 printed circuit board. The switch pattern is aso embedded in these 48 hits.

Under norma operation only the ddc112 datais presented into the VME ble
registers. There are diagnostic modes. (need to discuss someday...)

We now discuss this VME returned data.

The DDC112 output vaues go from0x00000 to Oxfffff. (seeitsdata sheet) Thisentire
20-bit vaue is given to PASSTH4. But since the VME dataword is only 16 bits, we
must somewhere loose 4 bits. If thereis no Sgnd averaging we smply drop the 4 least
ggnificant bits. | note that the bottom 4 bits (16 counts) are noise anyway &t this point
(16 counts correspond to about 16 pA, the present noise level is abovethis) Hencethe
VME registers seethe most significant 16 bits from the 20 bit amplifiers.

At the very beginning I'll keep signd averaging off.  When it comes on, the following

will apply: There must be a match between which bits are given to the user and the
number of sgnas averaged, otherwise there will be alot of wasted bits. For exampleif 8
vaues are added, then in the sum the least Sgnificant 3 bitswill have little meaning. |

need to work on this but the system will eventudly give the most significant bits, and just
exactly which bit isMSB will depend on the averaging. Averaging is done in a 30-bit
adder so we can add about 2 counts, i.e. 4096 counts.

The DDC112 hasan internal DC offset. When no current is going into the module, the
output value is 0x01000. | tend to seethisalittle low, e.g. 0x00f7a or theregbouts. You
can get aquick indication of the system noise by watching the variations here.

To convert digital countsto actua current, you must know thegains. Typicaly | do this
the easy way and inject a known current from aKethley source. Again 1pA isabout one
andog-digita unit (ADU) when range = 000.

5.2 SOFTWARE REQUIREMENTS FOR STORAGE SCOPE MODE.
Discussed in the gppendix for now.

5.3 DEBUGGING MODES—-HOW TO READ DIAGNOSTICBITSINTO THE
VME HOST COMPUTER.

Il expand on this astime goes by. But the idea is that we can make changesto the
system to quickly accessits hedth. A typica thing to do would be to replace
electrometer data with bits showing which ADCMOD?2 iswhich, that the parity is ok,
pick out the dip-switch information eic.
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(6) INSTALLING A SYSTEM AT AN APSBEAMLINE.

6.1 COST S As| understand my job per APS management, our primary mission isto
support the CAT beamline personnd. This dectronicsis thus made avallable for minima
costs of manufacture about $2000 - $3000 tota, for the 4- to 16-channd system. This
breaks down to $1000 per VME board, and about $500 each for an ADCMOD2 board.
Thus the incrementa cost of adding four more dectrometersis $500. This priceis
expected to drop more as quantities rise.

6.2 HARDWARE MAINTENANCE/ SUPPORT. Wein APSwill keep your system
working on into the future. Thisisnot atrivia undertaking. We have asmdl staff, but it
is more than one person. Our hope isthat a number of beamlines and sectors will
standardize on how to read the data out, and thiswill help alot with configuration
management, and keeping spare parts. Support will not be 24 hours/day, 7 days per
week, but more like “working hours’. The best way to have ardiable sysem isto have
some backup channels. It will take usawhile to get there.

We are currently installing a system on about 11 beamlines, so there is some comfort in
numbers.

Wefollow ASD quality control and documentation guidelines, again not trividl.
6.3INSTALLATION ISSUES.

FIBER OPTICS.

Each adc module communicates over apair of fibers. Thefiber opticcable comesin
fibersto acable "4-fiber cable'. This cable isoreakout fiber, orange color. | supply it.
(1) How long is your length of fiber?

(2) How many 4-fiber cables do you wish pulled now?

(3) will your technicians pull it, or do you want ASD techsto help (a
$70 an hour | think)?

(4) Do you wish ASD to terminate your fibers with the required ST-2 connectors?

PIN DIODE HOLDERS.

| need to work with each sector to mount the PIN diodes, and make sure the wires are
brought out. Thenif itisdifferent | can fabricate anew PCB (cost about $400 qty 10).
Pease get me this mechanica design info, or use the exigting ones.
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| dready have several designs for the holder for the PIN diode: See sector 2 for an
Autocad drawing for two designs (one worked out with John Quintana sector 5 which
precisaly fitsindde a KF-50 cross. | cdl it the diode6 design.)

Also you can notice a sketch of around pcb 1.54" diameter. | cdl it the diodeb design.

| have another fairly complicated design which didesinto a KF50 cross like a cylinder in
apipe. Cdl it dioded.

| will work with people who need ultra high vacuum. Typicaly they will guide me on
how this can be implemented. Otherwise people hold the diodes on with superglue, 5
minute epoxy etc.

(5) Do you wish to work with me to hold the PIN diodes, if so how --standard product or
custom?

FOIL HOLDER.

Using diodeb or diodeb design, some sectors just want to have another pcbh mounted to
the irgt, and onto it glue down thefoil. These "blanks' have no diodes on them, but just
smply hold thefoil. (FIG DIODE7.dwg) They can be mounted on stand- offsontodiodeb
or diode6. Typicd sand off distanceis 1 cm.

(6) Do you wishtowork with meto hold thefails? If so how?

(7) Will you get your own foils? | can tell vendors, but typicaly | don't worry about the
actud foil. 1 learn much of thisfrom Randy Alkire at sector 19. Other sectorswill coat
kapton with metal.

WIRING TO PIN DIODES.

| can supply the hookup wires from the pindiodes to the adc module, though it is just
ordinary wire. | have aminor preference for wire colors (black, brown, red, orange) to
try to "standardize’. At sector 32 | was able to tightly twist 2 wires together and get good
noise levels even with up to 2 meters of twisted pair, something | did not expect at the
time. Of course you can aso split out, and run 2 pin diodes at one place, 2 a another etc.
The PIN diodes are completdly floating. Connectors are always a concern. For the
designs consider "standard”, | have a stock of connector. Don't be surprised if we have to
order stuff from Newark.

PIN DIODES AND LIGHT.

The pin diodes respond very well to visible light. For exampleif you have avacuum
gauge, aBayart -Alpert vac-ion gauge, it will have an orange glowing filament. If the pin
diode can seeit, it will happily put out lots of fase sgnd.

POWER SUPPLY.
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The adc modules require power. Typicaly thisisabout 10 VDC, about .4Amps per adc
module. The exact voltageisnot criticd, as| cleanit up. People might want to start out
with alab supply such asaBK Precison 1760 $600 from Digikey, which can run 3 adc
modules.

| supply the connector which plugs into the adc module, to bring power into the adc
module. | bring this connector out to 2 wires (hot/gnd). From there it is your problem.

Note: as 2003 progresses, and | see that the systems are working well for you al, I will
likdy build a ping-pong battery system. This syssem would be charging one small lead
acid 12 vdc battery while draining another. Batteries are great for noise immunity. |
cannot find acommercid device which will do this. | have a prototype of this, it is about
12" x 8" by 6" or s0. One can get lead acid 12 v batteries from newark, the ones | use
typicaly will run amodule for about 12 hours.

(8) Do you have your own dc power, isthisal ok?

(9) Would you be interested in a battery system, cost approx. $400, next
year ?

TESTING.

I'll bring a cart out with a PC, running windows 98, and my own C++ code. I'll put the
cards my VME crate, dong with a LED bus monitor card. (FIG 6) I'll show you a
working system. Then we have to work together to get into your software. | display the
datain IDL, and use IDL to compute noise €ic.
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Fig 6. Typica test stand consists of a VME rack and a PC running Windows. The
software for my own testing is smply MSVC++ and IDL (which are linked to pass data
from one to the other.)

7.0 ISSUESRELATED TO OPERATING THE SYSTEM

Taken from instr4.txt: version 9/29/00, work in progress.
Especialy need a better explanation of the LED’s.

7.1 REBOOTI NG THE SYSTEM -- TURN ON SEQUENCE

(1) Turn off the vne crate, the adc nodul es and any ot her nodul es on the
fiber chain (e.g. encoder comuni cati ons nodule) (nNte you do NOT have
to turn off the Heidenhain encoder nodul e)

(2) Turn ON the VME crate.

(3) Reset the PASSTH4 card by pushing the button on it.

(4) Turn on the encoder conmuncications nmodule. 3 led' s cone on
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(5) Turn on the ADC nodules. 3 led s cone on.

(6) Push the Passth4 "reset" button

7.2 DETAI LED EXPLANATI ON OF THE COMMANDS TO THE ADCMOD2

Set up all of the pindi ode ADC nodul es via the fiber optic conmunication
line, to provide the correct data, and to then command the ADC nodul es
to begin taking data.

I wite informative comrents after a ! synbol. Delete them for your

actual script. Al l nunbers are hexideci nal

7.2.1 RANGE

a000 2range Icommand #1 to adc nodul e

0001 3range Icommand 0001 sets the adc's gain range
0000 4range I'gain being set to 0000

Al | owed val ues for adc gain range:

a000 0001 Orrr set the gain of the ADC unit.
rrr can be

000 least gain range , refer to it as gain =1

r
001 gain = 220 / (1*12.5) = 17.6
010 gain = 220 / (2*12.5) = 8.80
011 gain = 220 / (3*12.5) = 5.87
100 gain = 220 / (4*12.5) = 4.40
101 gain = 220 / (5*12.5) = 3.52
110 gain = 220 / (6*12.5) = 2.93
111 gain = 220 / (7*12.5) = 2.51

Wth gain range set to 000 (command a000 0001 0000),

and with the conversion tine set to 0200 (command a000 0005 0200)
and with 10 nA going into the system the counts will read 14260
(approx).

There is a baseline of approxi mately 4096 counts.

So 10 nA creates a signal of 14260 - 4096 = 10164 counts in 820 us.
So 1 pA would create just about 1 count.

7.2.2 NUMBER OF DATA PO NTS BACK FROM ADCMOD - digital storage scope

node only

a000 6pul se I conmand #2 to adc nodul e

0006 7pul se I command 0006 sets nunber of data points
1000 8pul se here we ask for 1000 data points

7.2.3 PERIOD

a000 10period lcommand #3 to adc nodul e

0007 11iperiod Icormmand 0007 is currently not supported

ffff 12period I'so |l eave this exactly as shown
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7.2.4 CONVERSION TI ME — conv conmand

a000 14conv I command #4 to adc nodul e
0005 15conv I conmand 0005 sets conversion tine
0280 1l1l6conv lhere we set to 0280 (comment 5)

So handy rule of thunb:
Wth conversion time 0200 hex (820us), range = 000, 1 count = 1 pA

Command a000 0005 xxxx sets the conversion tine (for a "ping", "pong" is
the sane). This nunber, specified by the xxxx is converted to seconds
as follows:

m croseconds = xxxx (hex --> decimal) * 1.6 + 0.6

exanpl e: xxxx = 0280

0280 i n hex 2*1672 + 8*1671 + O

2*256 + 8*16 +0

620 deci nmal

time (m croseconds) (620 * 1.6) + 0.6
992.6

The allowed range for this paraneter is in hex
2000 >= xxxx >= 180 (hex)

thus the conversion tine is presently limted to
13.107 mlliseconds >= conversion tine >= 615 m croseconds.

Thus the fastest data currently cones at 1/615 microseconds =
1.6 kil osanpl es/ second.

8.0 DESIGN FI LES.

This section will grow into a description of the design files — O CAD
printed circuit board, Altera and AutoCAD. For now know that there is a
bl ock di agram on the ESG shared disk. W have bills of materials into
excel spread sheets. The altera designs have been extensively

si mul at ed.

9.0 FUTURE FEATURES.

Much wi |l depend on feedback fromusers. This is just a
l aundry |ist.

Rechar geabl e pi ng-pong battery supply (while one is
drai ning, the other is charging, the ADCMOD2’s never see
line current).

Better diagnostics.
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Make sure the LED s are useful to the user.

10. 0 APPENDI X. DEBUGG NG | NFORMATI ON.
USER DOES NOT NEED THI S.

EMBEDDED DE- BUGE NG DATA. NOT DI SPLAYED | N REG STER MODE.
1 adc modul e, 1 encoder conmunci ation nodul e
a-a-d- a-a-d- a-a-d a-a-d

pi ng pong
i.e. quantity 24 32 bit words going into nenory per scripted pul se
See also "Interpretation of the Data, comment 6. The 8 a- 's |isted
just now each are tagged by 8 unique tags. All would cone in from
the sane fiber optic channel

2 adc nodul es, 1 encoder communci ati on nodul e
a-a-a-a-d- a-a-a-a-d- a-a-a-a-d- a-a-a-a-d-
pi ng pong
i.e. quantity 40 32 bit words going into nmenory per scripted "pul se"

3 adc modul es, 1 encoder conmmunci ati on nodul e
a-a-a-a-a-a-d- a-a-a-a-a-a-d- a-a-a-a-a-a-d- a-a-a-a-a-a-d-
pi ng pong
i.e. quantity 56 32 bit words going into nenory per scripted "pul se"

C. EXAMPLE SCRI PTS:
THESE SCRI PTS ARE WRI TTEN I N THE FORMAT FOR SECTOR 32. THEY ARE OF
LIM TED VALUE TO OTHER SECTORS, BUT HELP ME DEBUG.

Note #1: In these scripts, the nunber e.g. 0100 on the first line, is to
be sent to vme |ocation b002

Not e #2: The English conment just afterwards is a human oriented
conment ,

not to be sent out.

Not e #3: The |ine

0000 ----- GO GO

really nmeans send anything (0000 is ok) to vnme location b004 to

execute the commands | oaded i nto b002.

Exanple 1: Goal: obtain just a little bit of data, to quickly read the
encoder etc.

0100 ----- set upacq
0000 commandnode
0000 val

0000 val

0000 val

0000 resv

0001 heart beat
0000 ti nmeout

0100 bl ksi ze32 Ivery short bl ock
0001 nunbl ks

2000 VSBaddr 2000
0020 VSBaddr 0020
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0000
0100
2000
0000

0200
0003
0000
00la
0000
a000
0001
0000
0000
a000
0006
0100
0000
a000
0007
frff

0000
a000
0005
0280
0000
a000
0001
0007
0000
0000

0300
0000
0000
0000

Exanpl e 2: Goal : once you have been taking data for
and you ONLY want to change the gain range of the ADC:

0200
0003
0000
0009
0000
a000
0001
0003
0000

0300
0000
0000
0000

bl ki ncr
bl ki ncr
VSBst at us
st at us- -

----renot ecommand
commmandnode
Zero

si ze+4

1l eadi ng_zero
2r ange
3range

4r ange

5br eak

6pul se

7pul se

8pul se

9br eak
10peri od
1llperi od
12peri od
13br eak
l4conv
15conv
16conv

17br eak
18f | ush
19f | ush
20f | ush
21trail zero
22trail zero

----renot ecommand
commuandnode
zZero

Size+4 I'note size + 4 changed.

1l eadi ng_zero
2r ange
3range

4r ange Inew range, now 011 (3 in binary)

5br eak

25 of 38

9 lines in this command
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0000 ----- GO GO Isent to vne address b004

Exanple 3: Goal: once you have been taking data for awhile,
and you ONLY want to change the integration time of the ADC

0200 ----renotecommuand

0003 commmandnode

0000 zero

0009 size+4

0000 1l eadi ng_zero

a000 2conv

0005 3conv

0200 4conv I new conversion tinme, hex 0200, or 820 us
0000 5break

0300 ----- G veDat a

0000 val

0000 val

0000 val - -

0000 ----- GO GO I'sent to vire address b004

Exanple 4: Coal: Using the adc nodul e in non-continuous node.

I have seen that this will allow the unit to process up to 5.8 uA of

current without saturation. Conversion input of hex 24 yields

a conversion tine of 1.6 * (0x24 --> decimal 36) --> 58.2 nicroseconds.
Period input of 300 yields a period tine of 1228.6 m croseconds

(per L092900.D01). (i.e. 300 hex --> 768, 768 * 1.6 = 1228,

1228 plus 0.6 = 1228.6 nicroseconds). [ref notes 09/21/2000]

48 dcltestl

b0020100 ----- set upacq
b0020000 commndnode
b0020000 va

b0020000 va

b0020000 va

b0020000 resv

B0020001 heart beat
B0020000 ti nmeout
B0021000 bl ksi ze32c000
B0020001 nunbl ks12
B0022000 VSBaddr 2000
b0020004 VSBaddr 0020
b0020000 bl ki ncr
b0020100 bl ki ncr
b0022000 VSBst at us
b0020000 st at us- -
b0040000 --GO -
b0020200 ----renotecommand
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b0020003 comrandnode
b0020000 zero
b002001a si ze+4
b0020000 1l eadi ng_zero
b002a000 2r ange
b0020001 3range
b0020000 4range
b0020000 5break
b002a000 6pul se
b0020006 7pul se
b0020800 8pul sefff0
b0020000 9br eak
b002a000 10peri od
b0020007 11peri od
b0020300 12peri od
b0020000 13break
b002a000 14conv
b0020005 15conv
b0020024 16conv
b0020000 17break
b002a000 18fl ush
b0020001 19fl ush
b0020007 20fl ush
b0020000 21trail zero
b0020000 22trail zero
b0020300 ----- G veDat a
b0020000 va

b0020000 va

b0020000 val - -
B0040000 ----- GO GO

D. | NTERPRETI NG THE DATA. LIM TED USE FOR PECPLE RUNNI NG REG STER

MODE, MAI NLY FOR DI Gl TAL STORAGE SCOPE MODE. HELPFUL FOR ME TO
DEBUG.
I include here a sanpl e readout

of the PINDI ODE system with 2 ADC nodul es connected. The ADC

nodul es are connected to fiber optic channels 1 and 4. The

encoder comunci cations nodule is connected to fiber optics channel 3.

We can | abel the columms of data (printed out in ¢ by a 10% fornmat)

as follows:

LONG ADDR CONTENTS COMMENTS
WORD VVE
NUVBER
First Note: recall in the tutorial script the |lines
2000 VSBst at us l address where DCl status register goes
0000 status-- I'this status register upon success reads 20001

which stated that the vne status regi ster should be address 2000 0000

0 20000000 20001 I'VME transfer status register
1 20000004 fIffffff I'j unk
2 20000008 fffffdff Ithis area of menory is never
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3 2000000c fdf fffff Iwitten to.

4 20000010 Tff7efff

5 20000014 fffffffe

6 20000018 df ff f bef

7 2000001c ffffffbf lend of junk
Second Note: recall in the tutorial script the lines:
2000 VsSBaddr 2000 I hi gher order address of where data is going
0020 VSBaddr 0020 'l ower order VME/VSB address of where data is
goi ng.

8 20000020 alee0cO00 I'begin data #1 (first pul se)

9 20000024 11 Inote address 2000 0020

a 20000028 alef Oc2f Iwas set by these lines

b 2000002c fffc0014

c 20000030 aleelcO00

d 20000034 21

e 20000038 alef 1c40

f 2000003c 698a0024

10 20000040 dof e0017

11 20000044 60040013

12 20000048 alee0768

13 2000004c 2a2c¢0031

14 20000050 alef O7ac

15 20000054 5d880034

16 20000058 aleel400

17 2000005c 41

18 20000060 alefl7cl

19 20000064 ledf 0044

la 20000068 dof c0017

1b 2000006¢c 60040023

I'blank line inserted for

clarity

1c 20000070 alee0980

1d 20000074 29800051 ladc still "settling down"

le 20000078 alef 0940
1f 2000007c 330c0054
20 20000080 aleel800
21 20000084 61
22 20000088 alef 18c0O
23 2000008c 7400064
24 20000090 dof c0017
25 20000094 60050033
26 20000098 alee0000
27 2000009c 12cc0071
28 200000a0 alef 0180
29 200000a4 23400074
2a 200000a8 aleel000
2b 200000ac 81
2c 20000000 alef 1020
2d 200000b4 5980084

2e 200000b8 dof c0017 lencoder is at 176005
2f 200000bc 60050043 lend of pulse 1's data

I'blank line inserted for clarity
30 200000c0 alee0dcO pul se #2

31 200000c4 3ae00091
32 200000c8 alef 0c80
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clarity

| ater...

33
34
35
36
37
38
39
3a
3b
3c
3d
3e
3f

40
41
42
43

44
45
46
47
48
49
4a
4b
4c
4d
4e
Af

50
51
52
53
54
55
56
57

58
59
5a
5b
5¢c
5d
5e
5f

60
61
62
63

64
65
66
67

200000cc
200000d0
200000d4
200000d8
200000dc
200000e0
200000e4
200000e8
200000ec
200000f 0
200000f 4
200000f 8
200000f c
20000100
20000104
20000108
2000010c

20000110
20000114
20000118
2000011c
20000120
20000124
20000128
2000012c
20000130
20000134
20000138
2000013c
20000140
20000144
20000148
2000014c
20000150
20000154
20000158
2000015c

20000160
20000164
20000168
2000016¢
20000170
20000174
20000178
2000017c
20000180
20000184
20000188
2000018c

20000190
20000194
20000198
2000019c

6f 940094
aleelc80
ecd00al

alef 1c40
f ec00a4

dof c0017
60040053
alee0400
bl

alef 0560
52f c00b4
aleeld4a0l
ef 000c1

alef 1540
10d300c4
dof e0017
60040063

alee0980
378c00d1
alef 0900
3e0c00d4
aleel8al
e3300e1
alef 1820
f a200e4
dof e0017
60050073
alee0160
411c00f 1
alef 01a0
3d9000f 4
aleelOcO
db20101
alef 1080
ef 30104
dof e0017
60040083

alee0d80
3cbc0111
alef 0daO
50100114
aleelc60
fbc0121
alef 1¢60
f b20124
dof e0017
60050093
alee0400

131

alef 05e0
44480134
aleel400
ffc0l41

29 of 38

Iblank line inserted for

pul se #3

Idon't worry, |

fixed this
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68
69
6a
6b
6¢C
6d
6e
6f

70
71
72
73
74
75
76
77
78
79
7a
7b
7c
7d
7e
7f

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d
8e
8f

90
91
92
93
94
95
96
97
98
99
9a
9b
9c
a9d
9e
of

a0

200001a0
200001a4
200001a8
200001ac
200001b0
200001b4
200001b8
200001bc
200001cO
200001c4
200001c8
200001cc
200001d0
200001d4
200001d8
200001dc
200001e0
200001e4
200001e8
200001ec
200001f 0
200001f 4
200001f 8
200001f c
20000200
20000204
20000208
2000020c
20000210
20000214
20000218
2000021c
20000220
20000224
20000228
2000022c
20000230
20000234
20000238
2000023c
20000240
20000244
20000248
2000024c
20000250
20000254
20000258
2000025c
20000260
20000264
20000268
2000026¢
20000270
20000274
20000278
2000027c
20000280

alef 1560
10180144
dof e0017
600500a3
alee0940
384c0151
alef 0920
3e700154
aleel8cO
e230161

alef 1860
fb20164

dof c0017
600400b3
alee0180
42000171
alef 0100
3e000174
aleelOcO
dd20181

alef 1020
f 570184

dof c0017
600400c3
alee0d60
3e300191
alef 0d20
47480194
aleelc60
fbcOlal

alef 1c00
fc60la4d

dof c0017
600400d3
alee0400
1b1

alef 05c0O
422c01b4
aleel540
102201c1
alef 1540
102301c4
dof c0017
600400e3
alee0940
391c01d1
alef 09cO
3c5401d4
aleel880
e6301el

alef 1840
f2901e4

dof c0017
600500 3
alee0120
414001f1
alef 01a0

30 of 38
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al
a2
a3
a4
ab
a6
a7
a8
a9
aa
ab
ac
ad
ae
af

b0
bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
bc
bd
be
bf

cO
cl
c2
c3
c4
c5
c6
c7
c8
c9
ca
ch
cc
cd

etc.

20000284
20000288
2000028c
20000290
20000294
20000298
2000029c
200002a0
200002a4
200002a8
200002ac
200002b0
200002b4
200002b8
200002bc
200002c0
200002c4
200002c8
200002cc
200002d0
200002d4
200002d8
200002dc
200002e0
200002e4
200002e8
200002ec
200002f 0
200002f 4
200002f 8
200002f c
20000300
20000304
20000308
2000030c
20000310
20000314
20000318
2000031c
20000320
20000324
20000328
2000032c
20000330
20000334

etc. etc

3d5c01f 4
aleel080
df 10201

alef 1020
f 620204

dof e0017
60050103
alee0d40
3e500211
alef 0deO
44500214
aleeld40
10100221
alef 1¢60
f470224

dof e0017
60040113
alee0400
231

alef 0560
3e840234
aleel540
104d0241
alef 1460
f 770244

dof e0017
60040123
alee0920
392c¢0251
alef 0900
38c00254
aleel8cO
e430261

alef 1880
e550264

dof e0017
60040133
alee0160
41c00271
alef 0160
38440274
aleelOcO
ddf 0281

alef 1080
e0c0284

HOW TO | NTERPRET THE DI G TAL STORAGE SCOPE MODE DATA.

I have not finished de-bugging the parity,

Take the | ast adc data given above:

alef 1080
eOc 0284

so don't worry about

31 of 38

it yet.
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parse it:
a = cones fromthe binary pattern 1010, i ndi cates an adc nodul e
1 = conmes fromthe binary pattern 0001, ignore this
e cones froma binary pattern 1110
in general nnnn

nnnn = 1 1 1 test, test usually is 0, so nnnn = 1110

the test bit goes hi when we run a specific diagnostic on the
adcnod,

the "Burr Brown DDC112 ADC test" diagnostic.

See DDCl112 data sheet Figure 8.

(When test is turned on by a000 000f vvvv, when vvvv = 7,

adc reads 300,000 decimal. when vvvv = 3, adc reads 150, 000
deci mal .)

clear test with a000 0002 0000.

f cones froma binary pattern 1111
in general pppp
pppp = switch switch switch switch
= switch settings on the adcnod (a tag for this particular
nmodul e, set by the human using switches)

1 comes froma binary pattern 0001
in general qqqq
gqqg = range range range tag
e.g. if you were using range 000 then this should be qqq
e.g. if you were using range 111 then this should be qqq
see Burr Brown DDC112 data sheet table I, page 7.
the last bit, the 4th q bit "tag", indicates which of the two

000
111

DDC112
burr brown chips on the printed circuit board is being read
0=DOUTA=U5, 1=DOUTB=U8 (see conment 6)

0 cones froma binary pattern 0000
in general ssss
ssss = 1st/2nd_readout ping/pong parityl9:16 parityl5:12
(see comrent 6 bel ow for explanation of 1st/2nd, ping/pong,
as these are the second and third "tag" bits)

8 cones froma binary pattern 1000
in general tttt
tttt = parityll:8 parity7:4 parity3:0 notused

Actual data conmes next and is 00eOc note the missing leading 0 in
my printout, just an artifact of my c code. Note that the baseline
of the adc converter is 01000 (see Burr Brown data sheet, Table VII
for nore details of data format). Hex 01000 is deci mal 4096.

next cones
28, the (hex) 28th data comng in

next cones
4 data coming in fromfiber optic channel 4
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The tags for which adc readout is which. |[|f you put together
the 4th "q" bit, with the 1st and 2nd "s" bit you get 3 bits.
These tag bits cone out in the follow ng order

tag bits:

011
111
001
101
010
110
000
100

The interpretation of these 8 pernutations of 3 bits are:

DOUT is pin 16 of either the A or B adc integrated circuit u5,u8
Input 2 is pin 28 of the Burr Brown DDC112, Input 1 is pin 1.

J1 is the connector at the edge of the printed circuit card.

For expl anation of conv | ook at Figure8 of DDCl12 data sheet.

tag altera DDCl112 J1 wi re col or
bits pin pin pin
011 DQUTA input2 conv=hi ub5.28 |N2A Jl1. RED PI NDI ODE2 pi ng

i
111 DOUTB i nput2 conv=hi u8.28 [IN2B J1. YELLOW Pl NDI ODE4 pi ng
[
[

ORFRr NW

001 DOUTA inputl conv=hi u5.1 I NLA  J1. BROWN PI NDI ODE1 pi ng
101 DOUTB i nputl conv=hi u8.1 IN1B J1. RED PI NDI ODE3 pi ng
011 DQUTA input2 conv=lo u5.28 |N2A J1. RED PI NDI ODE2 pong
111 DQOUTB input2 conv=lo u8.28 IN2B Jl. YELLOW Pl NDI ODE4 pong

BROWN PI NDI ODE1 pong
RED PI NDI ODE3 pong

OpF NWw

i

i
001 DQUTA inputl conv=lo u5.1 I NLA  J1.
101 DOUTB i nputl conv=lo u8.1 IN1B J1.

So when you for exanple pull out the tag pattern 011 fromthe "q"
and "s" bits, you have read the "pong" read of PINDI ODE2, comi ng
to you over a red wire.

Note that when we | ook at the printed circuit board containing the
pi ndi odes, | ooking at the diode side of the board, we see themin the
order
Pl NDI ODE1
Pl NDI ODE2 hol e Pl NDI ODE4
Pl NDI ODE3

X-rays are com ng out of the page.
Pi ndiode 1 is physically on top.

PARI TY. A modulo two sum of bits, useful to detect bit errors.
Not yet fully de-bugged.

For exanple parityl9: 16
count number of 1's in the bit pattern
If even, parity bit =0
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| F odd, parity bit =1

exanpl el, (hex) data is
88888, that is

8 8 8 8 8 hex

1000 1000 1000 1000 1000 bi nary

19:16 15:12 11:8 7:4 3:0 position
1 1 1 1 1 nunber of 1's
1 1 1 1 1 parity

exanpl e2, (hex) data is
cccc, that is

c c c c c hex

1100 1100 1100 1100 1100 bi nary

19:16 15:12 11:8 7:4 3:0 position
2 2 2 2 2 nunber of 1's
0 0 0 0 0 parity

exanpl e3, (hex) data is
5710f, that is

5 7 1 0 f hex

0101 0111 0001 0000 1111 bi nary

19:16 15:12 11:8 7:4 3:0 position
2 3 1 0 4 nunber of 1's
0 1 1 0 0 parity

E. HARDWARE SYSTEM
E. 1 bl ock di agram

SBS <--> DC1 <--> PASSTH <--> FlI BEROPTI C <--> ADC
modul e
Bus
Master vne front VSB <--> Encoder
backpl ane grey backpl ane
Communi cati on
cabl e Modul e
<--> Chrislin
VSB Menory VME

backpl ane Card

Set up conmands cone fromthe user's conputer via the SBS VME naster
and are passed in a standard manner, over the VME backpl ane to the
commercially supplied DCL card (from Access Dynamics 505 345 7637).
Thi s

is acconplished by a VME A16/ A24 D16 read/wite to the DC1l's "nmail box"
address, hex b002. The scripts |isted above are | oaded,

one word (16 bits) after another, into the mail box address. Wen

the user wishes the DCl to take action based on this script, the user
simply

writes any word into address b004, which triggers an interrupt on the
DC1,

and forces it to execute the script.

The DCl1 interprets what it receives. This is covered in sonme detail in
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t he manual "Access Dynamics Inc. Electronmeter Interface and Firmware"
In essence there are 3 types of commands, which are decoded fromthe
scripts:
o] DCl1 Static Setup Commands (we call ed
these Task 1 commands above),
o} DC1l Dynamic commands (not covered yet in this
manual , future...), and
o] DCl rempte conmands (we cal |l ed these Task 2 commands
above).

The DCl1 eventually nust pass data to the Chrislin nenory. Hence this
menory

must be setup to have a proper VME/VSB address which matches that in
the DC1 script.

E. 2 MASTER ADC MODULE

The ADC nodul es are set up by Task 2-type commands to the DCl, which
in turn passes a serial bit streamto PASSTH and on to FI BEROPTIC card,
and on to the (multiple) ADC nodul es possibly connected in paralle
with the encoder conmunciation nodule. At the present tinme all Task 2
renote commands are addressed to the adc nodul e. Thus we nust discuss
how

the encoder nodule is commanded/ queri ed.

One ADC nodule is the "master" nodule. When data is returned fromthe
master nodule to the VME fiber optic nodule, a request is sent (hy
PASSTH)

out to all nodul es requesting Encoder Conmmunci ati on Modul e data. No
mast er nodul e, NO requests to the Encoder. There need not be an
Encoder Conmuni cations nodule in the system In reality every other
data returned fromthe master generates an encoder request. Hence the
returned

data will have patterns such as a-a-d, where the a-'s are returned data
from

t he master. THE MODULE CONNECTED TO FI BER CHANNEL 4 |S THE MASTER
MODULE.

An infinite | oop would be created if the Encoder Communci ati on Modul e
wer e

connected herel!

E.3 the LED s.

LED s on the DCl1 card
Underneath the | abel "serial port" are 4 snmall green LED s

DC1 LED1 : DC1 wants data

DC1 LED2 : DCl is getting and processing data
DCl1 LED3

DCl1 LED4 : DCl1 sending out serial data (renote

conmand
bei ng execut ed.

The DC1 requires the anpunt of data specified in the block size (tines
the nunber of blocks if this is greater than 1). As the DCl receives
32 bit words, it decrenents the quantity. Wen this reaches 0, the DCl
is

satified, and turns off LEDl and LED2. |If LED2 goes off to early, LED1
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wWill remain ON, indicating the DCL requres nmore data. The DCl1 however
will flush whatever data it has received so far on to the Chrislin
menory.

LED s on PASSTH VME card.

PASSTH LED1 i ndicates that the crystal clock is running.
This LED should cone on upon power up.
It is nearest the VME card horizontally.
PASSTH LED2 i ndi cates that the PASSTH card is receiving
data fromthe FIBER OPTIC card. Data is coming into
t he system from SOVEWHERE, either an adc nodul e,
or the encoder communci ati ons nodul e.
It is nounted to the right of the first LED.

LED s on the FIBEROPTIC vie card.

Front LED, next to PCB: Good to Go

Front LED, away from PCB: Receiving A s data

Back LED, next to PCB: Handshake of data passing from

Fi ber 2. pcb to passthl. pcbh

Back LED, away from PCB: Fiber2 putting out data to adcnod's etc

LED s on the ADC npdul e or Encoder Communci cati on Modul e.
4 Red LED's. ???? | may have the order wong...

LED ADC3 LED ADC1
LED ADC4 LED ADC2
LED ADC1 = ON when there is a bit streamconming into the nodul e

It is a stated fact about fiber optic comrunications that
this
bit stream
may or may not be carrying any information. However it nust
BE
THERE, or there is no chance of information flow
LED ADC2 = ON when there is a bit streamexiting the nodul e.
It is a stated fact about fiber optic comruni cations that
this
bit stream
may or may not be carrying any information. However it nust
BE
THERE,
or there is no chance of information flow.
LED ADC3 = ON when there is information (1's actually) coming into the
ADC nodul e fromthe fiber optic nodul e.
LED ADC4 = ON when the ADC nodule Altera integrated circuit is
delivering a clock to its fiber optic transmtter integrated
circuit.

Thus upon power up, LED s ADC1, 2,4 should be ON. This assunes
that the fiber cables are connected, and it assumes that the fiber
optic nmodule is working back at the vne rack.

DI P switches on fiber2. pcb
switch 1 up indicates that this fiber2 board is the master fiber2 board.
Data coming in on channel O of the master fiber2 pcb will result in the
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passthl board sendi ng out comrands to read the encoder

switch 2 up indicates that fiber2 is putting out test data, a pattern
of a000 0000 0000's to the nmodules. This is useful for debugging
but should be turned off (switch down) during normal operation

switch 5 up to enable data from channe
switch 6 up to enable data from channe
switch 7 up to enable data from channe
switch 8 up to enable data from channe
note that channel O is always enabl ed.

PNWA

DI P switches on ADCMOD

sw 1l always |eave up (on)

sw 2 when "off" puts out test pattern of a000 0000 0000
sw 3 |sb of tag

sw 4 tag

sw 5 tag

sw 6 nsb of tag

e.g.

up up up up dn dn

woul d be normal operation of a nodule, with the tag or nodul e

address being "c". W would get data back |ooking |ike "alec xxxx Xxxx"
etc.
APPENDI X 1.

This is fromthe DCl1 script | used for many tests dcl _sv2.dat.

48 nunberl i nes
b0020100 ----- set upacq
b0020000 commmandnode
b0020000 va

b0020000 va

b0020000 va

b0020000 resv

B0020001 heart beat
B0020000 ti nmeout
B0028000 bl ksi ze32c000
B0020001 nunbl ks12
B0022000 VSBaddr 2000
b0020020 VSBaddr 0020
b0020000 bl ki ncr
b0020100 bl ki ncr
b0022000 VSBst at us
b0020000 st at us- -
b0040000 --GO -
b0020200 ----renotecommuand
b0020003 commmandnode
b0020000 zero

b002001a si ze+4
b0020000 1| eadi ng_zero
b002a000 2range
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b0020001
b0020000
b0020000
b002a000
b0020006
b0021000
b0020000
b002a000
b0020007
b002f f f f
b0020000
b002a000
b0020005
b0020280
b0020000
b002a000
b0020000
b0020000
b0020000
b0020000
b0020300
b0020000
b0020000
b0020000
B0040000

3range

4r ange

5br eak

6pul se

7pul se

8pul sefff0
9br eak
10peri od
llperiod
12peri od
13br eak
l4conv
15conv
16conv

17br eak
18f | ush
19f | ush
20f | ush
21trail zero
22trail zero

————— G veDat a
va

va

val - -

----- GO GO
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