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1 Safety Information

This unit is designed for compliance with harmodieéectrical safety standard EN61010-
1:2000. It must be used in accordance with itgifipations and operating instructions.
Operators of the unit are expected to be qualedonnel who are aware of electrical safety
issues. The customer’s Responsible Body, as dkiinthe standard, must ensure that operators
are provided with the appropriate equipment anditrg.

The unit is designed to make measuremenkdaasurement Category las defined in the
standard.

CAUTION. According to installed options the 1326@n generate high voltages as follows,
present on the central conductor of the SHV (Sad# Moltage) connector.

+ or— 2000 V DC at 0.5 mA maximum.

or
+ or— 1000 V DC at 1.0 mA maximum
or

+ or—500 V DC at 2.0 mA maximum
or

+ or— 200 V DC at 5.0 mA maximum

The hazardous live voltages on the SHV central aotwt are not accessible under the
definitions of EN61010 but may nevertheless givemticeable shock if misuse were to lead you
to come into contact with them. The user mustetoge exercise appropriate caution when using
the device and when connecting cables. Power dhouturned off before making any
connections.

In applications where high energy charged parbelams can strike electrodes which are
normally connected to the 13200, voltages limitetiydy electrical breakdown can build up if
the 13200 is not connected to provide the eartlrngpath. The user must ensure that a suitable
earth return path is always present when the patigam may be present.

The unit must not be operated unless correctlynalskesl in its case. Protection from high
voltages generated by the device will be impaifeda unit is operated without its case. Only
Service Personnel, as defined in EN61010-1, shatidsnpt to work on the disassembled unit,
and then only under specific instruction from Pyimechnical Consultants.

The unit is designed to operate from +24 VDC powdth a maximum current requirement of
1250 mA including power supplied to remote 24 VD&vides. A suitably rated power supply
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module is available as an option. Users who mha&e bwn power provision should ensure that
the supply cannot source more than 3000mA.

A safety ground must be securely connected to tiengl lug on the case.
Some of the following symbols may be displayedtanunit, and have the indicated meanings.

—_— Direct current

Earth (ground) terminal

Protective conductor terminal
Frame or chassis terminal
Equipotentiality

Supply ON

CAUTION — RISK OF ELECTRIC SHOCK

CAUTION — RISK OF DANGER — REFER TO MANUAL

D
ue
%
|
N
A
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2 Models

13200 Thirty-two channel gated integrator electréenevith 10pF and 1000p
feedback capacitors.

-XP20/10/5/2 Add positive 0 to 2000V / 1000 V / 50@ 200 V auxiliary bias outpulf

-XN20/10/5/2 Add negative 0 to 2000V / 1000V /500 200 V auxiliary bias output

-Cxly Change feedback capacitors to x pF and ydeFa(lt is -C10/1000)

-Rx Specify additional series input impedance xrkel{default is —R0)

Example:

13200-XP10-R100

13200 User Manual

13200 with 1000V positive auxilidryas output and 100 kohm
additional series input impedance.
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3 Scope of Supply

13200 model as specified in your order.

USB memory stick containing:
User manual
PSI Diagnostic software guide
Software installation guide
PSI diagnostic software files
USB drivers and utilities

Optional items as specified in your order.
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4 QOptional Items

4.1 Power supplies

PSU24-45-1 +24 VDC1.8 A PSU compact (universalag® input, plug receptacle for standard
IEC C14 socket) with triple output leads each teated in 2.1mm threaded jack.

PD-8 Eight output +24 VDC power supply unit, 18tk mounting.

4.2 Signal cables and cable accessories
CAB-D25F-xxLN-DB25M cable, low-noise signal, D25afa to D25 female, xx m long.

CAB-SHV-xx-SHV: cable, RG-59 coax, SHV to SHV, xxlang.

4.3 Data cables
AB450K-R RS-232 6 pin DIN male to 9 pin D sub meddle 3m.

CAB-ST-xxP-ST fiber-optic cable 1 mm plastic fid&T terminated with color-coded sleeves,
XX m long.

CAB-ST-xxHCS -ST Fiber-optic cable pair 200 umcsilfiber ST terminated with color-coded
sleeves, xx m long.

4.4 Fiber-optic loop
A360 fiber-optic loop controller / Ethernet adaptor

A500 intelligent real-time cell controller for fiver ten loops with Ethernet interface.
A560 intelligent real-time cell controller for fivar ten loops with Ethernet interface.
X44 fiber optic repeater, four inputs, four outpfdscommunications passthrough.
X14 fiber optic fanout, one input, four outputs fagger distribution.
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5 Intended Use and Key Features

5.1 Intended Use

The 13200 is intended for the measurement of sofatges or corresponding currents (from pA
to A) generated by devices such as ionization chambexsacuum wire grid arrays, multiwire
proportional chambers and photodiode arrays. 3B@Q has design features which make it
tolerant of electrically noisy environments, bu fhlace of use is otherwise assumed to be clean
and sheltered, for example a laboratory or lighustrial environment. The unit may be used
stand-alone, or networked with other devices atebmated into a larger system. Users are
assumed to be experienced in the general use @k electronic circuits for sensitive
measurements, and to be aware of the dangersaihairise in high-voltage circuits.

5.2 Key Features
Highly sensitive charge and current measuring syste

Dynamic range 0.1pA to 100uA.

Integration periods down 100 usec and below.
Compact 1U 19” configuration.

Thirty-two fully-parallel gated integrator channels

One dual-input ADC for every four input channelgo\wding simultaneous conversion across
sixteen channels and all channels within 4 usec.

Fiber optic and BNC/TTL external gate inputs fosteyn-wide acquisition synchronization.

Multiple data acquisition modes

- continuous current measurement

- continuous charge accumulation

- no lost charge integration

- external gated measurements with various regsaiosthe gate signal

Built-in high-precision calibration check curremusce which can be switched to each channel.
Fully-automatic internal calibration sequence.

Built-in switched 5V test voltage for connectionexternal resistor arrays, for continuity
checking.

RS-232, USB and fast fiber-optic serial interfabast-in. Selectable baud rates.

Can be operated in a fiber-optic serial commuracaloop with up to fourteen other devices.
100BaseT Ethernet available through the A360, A& A560 controllers.

ASCII and binary serial data formats.
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Switched +24 VDC output suitable for driving a pmaic actuator solenoid plus two digital
inputs suitable for reading limit switches.

Auxiliary HV output option up to + or — 2000 VDC.

Downloadable firmware updates from host computer.
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6 Specification

Inputs

Thirty-two, independent parallel

Input stage feedback
capacitors

Two, software selectable

Integration time

Adjustable, 106 minimum, 10 s maximum.
With A500 in binary fast mode, 2Gsec minimum.

Input noise current

< 20 fA rms + 1 fA rms per pF input load up to J@®load (1
second integration, 10 pF capacitor) at <= 30C

Input background current
(corrected)

< 200 fA, 25 C for 100 seconds after nulling
< 300 fA, 35 C after for 8 hours after nulling

(excluding external background current sources)

Input background current
(absolute)

< 5 pA, 30 C without zero offset correction
<10 pA, 35 C without zero offset correction

(excluding external background current sources)

Stability

Output drift <100 fA/ hour at 30 C

Drift

< 0.5% over 12 hours.

Gain adjustment

Integrator output can be multipbgd, 2, 4, 8, 16, 32, 64 or 128.

Calibration current

500.00 (+/- 0.1) nA (rev 2 haede and earlier)
83.333 (+/- 0.02) nA (rev 3 hardware)

Digitization 16 bit over +/- 10 V PGA output rangeMHz. Eight parallel
ADC channels, each with two parallel sample and leotcuits.

Linearity Deviation from best fit line of individliaeadings < 0.1% of
maximum current or charge reading for given feellwapacitor
and integration time setting.

Simultaneity Odd-numbered channels all convertddiwi0.3 psec of each

other.
Even-numbered channels all converted within 0.2 jef@ach
other.

Odd-numbered channels conversions offset by <=e¢ frem
even numbered channel conversions.

Local buffering

Up to 300 samples, each 32 chanmwals be stored in 13200
buffer memory at maximum acquisition rate.

13200 User Manual
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External accuracy 0.25% of full scale charge oremtrfor the selected capacitor and
integration time. Capacitive load <= 500 pF.

Auxiliary HV PSU (option) | 0to 2000 V /1000 V /60 / 200V programmable 10 bit
resolution, 1W max output power.

Line and load regulation < 0.01%

Noise and ripple <0.01% of full scale.

External gate 1) 0/ +5V (TTL level), 2 kohm inponpedance.
2) Fibre optic input ST bayonet,

Power input +24 VDC (+/-2 V), 750 mA (maximum exdilng current
supplied to actuator solenoid). 1250 mA maximum
recommended including current supplied to extedeaices.

Case 1U 19” rack mounting, 250 mm deep.

Case protection rating The case is designed tog##43 (protected against solid
objects greater than 1mm in size, protected agaprslying
water).

Weight 2.7 kg (6.0 Ib).

Operating environment 0 to 35 C (15 to 25 C reconmued to reduce drift and offset)

< 70% humidity, non-condensing
vibration < 0.1g all axes (1 to 1000Hz)

Shipping and storage -10 to 50C
environment < 80% humidity, non-condensing
vibration < 2 g all axes, 1 to 1000 Hz

Dimensions (see figures 1 and 2).
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ACTUATOR CHANNELS 1-16 CHANNELS 17-32 STATUS LEDs HV OUT
(SHV)
1O @ / / / )
43.7 T B T i
| o © O
4826
(19"
FIBER-OPTIC RX GATE ADDRESS SELECTOR
FIBER-OPTIC TX FIBER-OPTIC COMMS SELECTOR
RS-232 ORBNC +24VDC
USB / POWER IN
M4 GROUND LUG
r
(@] / @ ® (@]
® ogogogogogogogogogogogogogogog L ®
o~ S
0000000000000 ol@ o o o +
usB RS-232 Optical Gate
ol® °jo
Figure 1. 13200 front and rear panels. Dimensonm.
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247.2

30— —

221.0

4826
(197

—119.3 |

TOP

448.0

=

43.7 EEL
()

Figure 2. 13200 case plan and side views. Dimamsimm.
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7 Installation

7.1 Mounting

The 13200 is intended for 19” rack mounting, butyrba mounted in any orientation, or may be
simply placed on a level surface. A fixed mountiog secure frame is recommended in a
permanent installation for best low current perfante, as this can be degraded by movement
and vibration.

The mounting position should allow sufficient accés connectors and cable bend radii. 60 mm
minimum clearance is recommended at front and batke device.

Best performance will be achieved if the 1I320isitemperature-controlled environment. No
forced-air cooling is required in addition to thatis built-in fan, but free convection should be
allowed around the back and sides of the case.

7.2 Grounding and power supply
A secure connection should be made using a ringiam the M4 ground lug to local chassis
potential. This is the return path for any hightage discharge passing via the 13200.

+24 VVDC power should be provided from a suitabtgdapower supply with the following
minimum performance:

Output voltage +24 +/- 0.5 VDC

Output current 1250 mA minimum, 3000 mA maximum|
Ripple and noise <100 mV pk-pk, 1 Hz to 1 MHz

Line regulation <240 mV

The 13200 includes an internal automatically raisgtPTC fuse rated at 1.1 A. Current supplied
to an external actuator or other device does neg fflaough this fuse. However the power
supply should in no circumstances be rated hidkeer the connector limit of 5 A, and a
maximum of 3 A is recommended.

7.3 Connection to signal source

7.3.1 Typical setup

Figure 3 shows a typical installation in schemédren. Thirty-two readout electrodes forming
one electrode at ground potential in a signal soauch as a parallel plate ionization chamber
are connected to the 13200 inputs via low-noisetimudy cables. In this example, the other
electrode is biased by the auxiliary external outgAn array of high value resistors convert the
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test output voltage from the 13200 into currents tan be read back to check signal path
continuity. A gate signal generated by a remateng controller, for example, triggers the 13200
to start measuring data.

Continuity test resistors

+24V in

Signals Gate in

Comms

Bl—— l—c[! e
/ \ Aux bias
/N

Bias Readout
electrode electrodes

Figure 3. Schematic sample 13200 installation

Refer to section 22 in this manual for general gn@® on making low current measurements.
The 13200 should be located as close to the sairttee signal as reasonably possible. Long
signal cables increase the chances of seeing uadiaignals and noise, and the capacitive load
they introduce can affect accuracy. A maximum ieraf 5 m and maximum capacitive load per
channel of 750 pF is advised. Longer cables maysked up to a maximum of 20 m, but the
lowest detectable current will be increased andiraay will be degraded.

7.3.2 Signal cables

16-way low-noise cable with the minimum practicatdgacitance should be used, terminated in
good-quality 25-way D subminiature plugs at theD32nd. Low-noise cable is made with
semiconductive coatings on insulators where cdélenig can generate free charge (the
triboelectric effect). You can obtain suitable lealbom Pyramid Technical Consultants, Inc.
Low current measurements can be made with staroddald, but you must take particular care
that the cable cannot move or vibrate for severautas before or during measurements.
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The cable should have an overall screen of gootitgaad individually insulated cores. If there
is an anti-triboelectric coating, this should beackd back from the end of the insulator on each
core by a about 2mm to ensure that the cores caonotkct to each other through it.

Generally you should connect the screen to theexpnshall at each end. If there is a drain
wire in the cable, this should be connected to A@inithe 13200 and to the current return point at
the detector. AGnd and the chassis are connedthohwthe 13200.

Detector end 13200 end
To electrodes To signal inputs
(16 ways) B E— (16 ways)
| Drain wire
To current 16-way low-noise cable L ToAGnd pin
return electrode
To chassis
To detector vessel (via Dsub shell)

(via Dsub shell)

Figure 4. Cable screening recommendation

In some noise environments it is beneficial to kngatential ground loops by only making the
screen at the 13200 end. Generally you can ortgraene the optimum arrangement for noise
by experimentation.

In some low-noise cables the conductors are indallgl shielded. This gives additional
screening, but at the expense of added capacitace IThe shields should be joined together and
connected to one or more of the analog groundatitise 13200 for each of the 16-way input
connectors. With this type of cable it is gengrhbst to start with the individual screens and the
overall screen only connected at the 13200 endabutefore, only practical testing can decide the
optimum arrangement.
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Detector end 13200 end

To electrodes To signal inputs

16-way low-noise cable To AGND

To chassis
(via Dsub shell)

Figure 5. Alternative cable screening recommeratatt individually screened cores

7.3.3 Signal current path

The currents measured by the 13200 must be alldaveeturn to their point of generation.
Depending upon the application, the return path beayia the high voltage supply, and/or via
the chassis. If there is no return path, thenwiiuisee no current, or erratic readings. Notd tha
you may see current initially if there is no retyiath, especially if the signal is small, as charge
can be provided from various stray capacitancesthimimay fall away or become unstable.

The currents you are measuring pass along the tatde conductors to the 13200 inputs. The
current for the operational amplifier action confresn the local circuit ground (AGND) via the
power supply providing the voltage rails in the082

In the case of an ionization chamber or similariceewhere the 13200 is providing the bias to
another electrode, the subsequent return patiérourrent is through the HV supply (figure 6)
to complete the circuit back to the biased ele&rold the supply is not enabled, then it appears
as an impedance of approximately 0.3V kohm, wheig tffe rating of the supply.
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Multiway
outer screen 13200

Individual
conductor screen oo
(if implemented)

;i;t;;i? / /\ n |

——— O
v 1
J AGND
PS
Bias PSU Y
Chassis

7 772

Figure 6. Circuit for measured current when usthg internal HV supply to bias a detector.

In the case where you are using an independentakienergy source to drive the current
source, such as an independent HV supply, therdumast return to this source. It may be
remote from the place where the current measuremé&aing made, for example the current
measured by an electrode in a charged patrticle loeaactually originates in the ion or electron
source, which could be many metres away.
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Multiway
outer screen 13200

Individual
conductor screen oo
(if implemented)

source. / - -
v ‘ o

—C > 1O >
\ /| + T
T J AGND
PS
® v oL
_ Bias PSU
T Charged particle source Y Chassis
m External PSU
T
SIS ST 7

Figure 7. Circuit for measured current when usargexternal HV supply to bias a detector.

Generally, the circuit will be completed througteintional or unintentional connections of the
components to the laboratory ground, but if youearer unable to measure a current where you
expect to, it is worth checking that there are reaks in the current circuit.

7.3.4 Mounting orientation

The 13200 may be mounted in any orientation. LeEd@mm clearance at front and rear for
mating connectors and cable radii. The mountirmukhbe secure, and there should be as little
vibration or movement as possible of the 13200 t#wedconnecting signal cables. Extremes of
temperature, temperature variation and humidity alildegrade measurements, and must be
avoided.
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8 Getting Started in ASCII Mode

Before installing the 13200 in its final locaticand if it is the first time you have used an 13200,
we recommend that you familiarize yourself withaggeration on the bench. You can check the
unit powers up correctly, establish communications,the internal calibration procedure, and
read the internal calibration current.

The most basic level of operation, which requirethimg more that a terminal program and a
serial port on the host computer, is to use the2BSASCII communications mode. This
chapter takes you through simple setup tests Us8@ll commands. To explore the full
capability of the 13200, it is more convenient 8ewne of the the Pyramid Technical
Consultants, Inc. Diagnostic Host programs thasamplied with the unit, and this is covered in
the next chapter.

1) Inspect the unit carefully to ensure thereaewmidence of shipping damage. If there appears
to be damage, or you are in doubt, contact youplgnefore proceeding.

2) Connect 24 V DC power but no other connectiofise power LED should illuminate when
the power is applied, the status and link LEDs wyltle through green, orange and red, and the
xmit LED will flash .

3) Make a connection to a PC serial port. A thwee lead terminated in a six-pin mini-DIN
male connector (PS/2 mouse type) and a nine-pentake is required. Alternatively you can
use a standard nine pin to nine pin serial calhle @ah adaptor, type AB450K-R. When the
connector is pushed home in the 13200, the reaglfaptical” LED should extinguish and the
“RS232” LED should illuminate. Connecting to tipisrt forces the 13200 to be a listening
device.

6 pin mini-DIN male

9 pin D female

X RX

|
0°0%63420!
e%e o of

Figure 8. RS232 connection cable from the 13208 RC serial port (DB9). Pins are shown
looking at the face of the connectors.

GND

4) Set the address rotary switch to position ‘&ldress 4) and the mode rotary switch to
position “6” (ASCIl communication, 115 kbps). Thssarbitrary for serial communication.

5) Set up a terminal session using a suitablerprogto use COML1 (or other available port on
your PC) as shown in the following figures. Onesl®Cs you can use Windows Hyperterminal,
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or there are various freeware and shareware alieesasuch as Realterm and puTTY. If you
have an older Windows system, you can move Hypantel by copying the files hypertrm.dll
and hypertrm.exe to your newer system. You wilkadirse need a serial port, or a USB or
Ethernet to RS-232 converter. A suitable Hyperieainsetup file is provided on the 13200 USB
memory stick.

COM1 Properties 2| x|

Port Settings }

Bits per second: | 115200 =]
Databis: |3 =]
Parity: [None |

Stop bits: [1 =]

Flow control: [Nane ~|

Restore Defaults
0K Cancel ] Apply |

Figure 9. Hyperterminal COM port setup.

1400 test Properties 2|x|
Connect To Settings

Function, arrow, and ctrl keys act as

@ Terminal keys (" Windows keys
2
Backspace key sends BRI Jﬂ
(" Ctl+H s (e Chr+H, Space, Cirl+H ASCIl Sending
v Send line ends with line feeds
Emulation:
Echo typed characters locall
VT52 ﬂ Terminal Setup L iz 4
Line delay: |0 milliseconds.
Telnett: 11D: VT52 -
el T | Character delay: |0 milliseconds
Backscroll buffer lines |SDD :I

[~ Play sound when connecting or disconnecting ASCll Receiving

[~ Append line feeds to incoming line ends
[ Force incoming data to 7-bit ASCII

Input Translation ‘ ASCII Setup |
[v Wrap lines that exceed terminal width
oK Cancel ‘ OK | Cancel

Figure 10. Hyperterminal terminal settings

The 13200 starts up in terminal mode, so you wtaive a response (usually “OK”) for every
message. It can also be configured into stang8@fll mode if you wish, but then only query
messages will receive a response. See sectioor 2dlifdetails.
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6) Type “#?<CR><LF>"to query the active listen&epending on your terminal program, you
may need to send the control characters explicflliR is ASCII character 13, usually sent with
ctrl-M, and LF is ASCII character 10, usually seith ctlr-J. You should get the response “4”.
You are communicating successfully with the 132U0you hear your computer’s bell sound
when you send the string, the 13200 did not undarkit, probably because there was a typing
error. If the 13200 does not echo correctly, eithe terminal settings or the 13200 switch
settings are likely to be wrong. Check them any ientil you see the characters echo correctly.
If you make any errors while typing, use the baekspkey and re-type from the error.

7) Type “calib:gain<CR>". The characters can ppar or lower case. If the 13200 is in
terminal mode (the default) it will respond immedlg with “OK”, and will perform its internal
calibration sequence, which takes a few seconds.

8) When the calibration is complete (the frontgldimk LED is no longer flickering), type
“calib:gain? 0<CR>". The 13200 will return the gdactors for the thirty-two channels channels
for the small feedback capacitor selection.

9) Type “read:curr?<CR>". The 13200 will do a meeement and return the integration period
it used and the measured current values for eattteathannels. The current values should be
close to background. The default integration mkan power-up is 100 useconds. If you repeat
“read:curr?<CR>" a few times you should see théiregs change due to background noise.

10) Type “calib:source 5<CR>". This turns on thiernal calibration current to channel five.
Type read:curr?<CR>" to read this current. Youwticee a value very close to 5.0e-7 A (rev 2
and earlier hardware) or 8.33e-8 A (rev 3 hardware)
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% 1400 - HyperTerminal Q@

Fle Edit View Cal Transfer Help
#? ~
ﬁ- . .
calib:gain

calib:gain? B
228e-01,9.9031e-01,9.8796e-01,9.892%-01.1.0050e+00,9.9432¢-01,1.0014e+00,1.0015

e+00,1.0193e+00,9.9926e-01,1.0086e+00,1.003%+00,9.9734e-01,1.0002¢+00,9.8627e-0
1,9.9386e-01,1.0130e+60,1.0150e+00,1.0232+00,1.0221e+00,1.0115e+00,1.0085e+00,9
.9820e-01,9.6550e-01,1.60057e+00 ,-1

Egad:curr?

11 A,-3.0780e-11 A,-2.1446e-10 A,-1.2175e-10 A,6.1049%-11 A,-6.0197e-11 A,-1.516

oe-10 A,-1.2365e-10 A,3.0974e-11 A,-3.1226e-11 A,-1.8716e-10 A,-9.2608e-11 A,1.2
8%1e—1@ A,-6.0925%-11 A,-5.8930e-11 N,-6.1382¢-11 N,0

Eﬁad:curr?

1.0000e-04 S,-9.1015e-11 A,-1.2151e-10 A,-1.2128e-10 A,-9.1020e-11 A,-3.0276e-11
A,-1.8144e-10 A,-1.5111e-10 A,-1.5141e-10 A,-3.0222e-11 A,-1.2068e-10 A,-1.20876
e-10 A,-6.1338e-11 A,-3.0344e-11 A,-9.1679%e-11 A,-9.1687e-11 A,-1.5553e-10 A,.-1.
2198e-10 A,-2.1546e-180 A,-2.4009e-10 A,-1.8262e-10 A,-9.1573e-11 A,-1.805%-16 A
,—1.8198e-10 A,-1.8548e-10 A,0.0000e+00 A,-1.8730e-10 A,-1.8716e-10 A,-3.086%-1
%KH,B.BBBBe+B@ A,-1.2185e-160 A,-1.4732e-10 A,-9.2073e-11 A,0

calib:source 5

0K

Eﬁad:curr?

1.0000e-04 $,3.0338e-11 A,-3.0379e-11 A,-3.0319e-11 A,3.0340e-11 A,4.998%-07 A,
-1.0282e-09 A,0.0000e+00 A,-6.0564e-11 A,-9.0666e-11 A,-6.0300e-11 A,-6.0382e-11
A,3.066%9-11 A,0.0000e+00 A,-6.111%-11 A,-9.1687e-11 A,-3.1106e-11 A.4.5743e-1
@ A,2.4624e-10 A,1.8382e-10 A,2.7393e-10 A,2.1367e-10 A,-3.0099-11 A,3.0330e-11
A,1.2365e-10 A,1.8585e-10 A,-9.3677e-11 A,0.0000e+00 A,6.1738e-11 A,3.0778e-11
Hk—6.8925e—11 A.0.0000e+00 A.-3.0691e-11 A.0

Connected 0:23:20 VT52 115200 8-N-1

Figure 11 Example Hyperterminal session

11) Type “syst:password 12345”. You are now in adstrator mode and able to alter some
important parameters. The 13200 will leave adnttater mode when it is reset or the power is
cycled.

13) Ensure nothing is connected to the signaltgpar the external HV bias output. If your
13200 has the external bias HV option, type “conbltext:volt 25<CR>". This will turn on the
high voltage at 25 V and the “HV on” LED will illumate.
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14) Type “*rst<CR>" to reset the 13200. Your urstfunctioning correctly and is ready to be
integrated into your system.

15) If you wish to explore the ASCII communicaticapabilities of the 13200 more fully, refer
to the commands list in section 21. You may alsghwo try out the terminal mode, which
provides feedback from the 13200 to every messagesgnd, not just query messages, and is
therefore more user-friendly.
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9 Getting Started using the PSI Diagnostic Host Progims

Usually you will use a custom application to commeate with the 13200, either one you write
yourself using the software interfaces availabbenfPyramid Technical Consultants, Inc., or one
that is supplied by Pyramid. However you can tgated immediately using one of the PSI
Diagnostic host programs. These are availablééerdownload fromvww.ptcusa.comand are
provided with the 13200 for end-user customers.rélage two generations of the Diagnostic
software, and the 13200 is compatible with both.

PSI Diagnostic This software supports all Pyramid productsstjpam G2 devices. It allows
you to connect the 13200 via an A500 controllethdfnet communications use UDP with an
added reliability layer.

PTC Diagnostic G2 This software supports all G2 devices such a#60, 1128 and C400,
plus a growing selection of other Pyramid devigesluding the 13200. It allows you to connect
the 13200 via an A360, A500 or A560 controller.h&tnet communications use TCP/IP and
UDP.

Both Diagnostics are standalone Windows programishéidlow you to set outputs and read,
graph and log data from the 13200. Their userfates are similar. We shall start by looking at
the PSI Diagnostic, and then at how the PTC G2 imatic differs. For some applications one
of the Diagnostic programs may be adequate fafalbur data acquisition needs. In any event
it is useful to understand what you can do withDiegnostic programs, because they expose all
of the functions of the devices they connect t@plication programmers will find this useful to
help decide which functions to implement in theimohost software.

9.1 Connecting the 13200 to the Host Computer

Connect up the 13200 in the way that is most comrérfor you. The three basic methods are
shown in figures 12 to 14. If you want to use B interface, you must first install the USB
driver (see section 10). If you are using RS-2&2 the mode switch to position 2 (115 kbps
binary); if you are using USB, set it to positiofi3LMbps binary) and if you are using a loop
controller, set it to position 0. The address slwitan be set to anything between 1 and 15.

The PSI Diagnostic supports all three connectiothous. If you are using the PTC G2
Diagnostic, then can only connect through a loagtradler.
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+24V in

<« Mode switch
setting = 2

RS-232

Figure 12. Direct RS-232 connection to the 13200.

+24Vin

<«<— Mode switch
setting = 1

UsB

Figure 13. Direct USB connection to the 13200.
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+24V in

Mode switch
setting =0

Fiber optics

Ethernet

Figure 14. Connection to the 13200 through a l@optroller.

9.2 Installing and Using the PSI Diagnostic Program

Download the PSI Diagnostic installer (.msi file)fimd the copy on the USB memory stick if
you purchased the 13200 as an end-user. We reeanhthat you copy the installer file into a
directory on your host PC. Check the Pyramid Te@irConsultants, Inc. web site at
www.ptcusa.confor the latest version.

The program runs under the Microsoft Windows opegasystem with the 4.0 .NET framework.
This has to be installed before the PSI Diagnostlost new PCs have .NET already installed,
or it can be downloaded from the Microsoft web sit@o charge. The Pyramid installer will
prompt you if you need to update the version orr yaumputer.

Launch the installer, and follow the screen promg@sice the program has installed, you can run
it at once. It will allow you to connect to the2B via its serial of RS-232 ports, or via Ethernet
and an A500 controller. The Diagnostic uses threeepts of ports and loops to organize the
connected devices. A portis a communications mélaginom your PC, such as a COM port, a
USB port or Ethernet port. Depending on the setaph port can be a channel to one or more
loops, and each loop may contain up to 15 devices.

If you connect via USB or RS-232, the Diagnostitt age this simple configuration as a loop
with just a single device on it. Because the diRf8-232 or USB connection does not allow
other devices to be seen through that port, thed2pears as both a loop and a device on that
loop. Contrast this to the situation where youehavoop controller, such as the Pyramid
Technical Consultants, Inc. A360, A500 or A560 dewgi and the 13200 is connected to the
controller via a fiber-optic loop. In this casetloop controller is identified as the loop, and th
13200 as a device on the loop. We'll look at thsewhere the 13200 is connected via an A500
controller (figure 14), and the A500 has IP addie32.168.100.213.
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9.2.1 Discovering connected devices

Start the PSI Diagnostic. It will search the aafalié ports and present a search a list. Figure 15
shows a case where the program found two seri#d,pamd a local area network adaptor with
some previously entered IP addresses

laisd NG A
A
A
Ah

B RAMID

;‘11‘ Technical Consultants, Inc

PSI1 Diagnostic v4.114

Select Ports for Autodetect Below

~ COM10

~ COMA1

~ IP 192.168.100.205:100
~ IP 192.168.100.238:100
™ LAN Broadcast

Add IP

Remaove IP

Start | Cancel ]

Figure 15. PSI Diagnostic Search Utility

To add the A500 address to the list, type in thad@ress plus “:100” which is the port number
that will be used by the Diagnostic. This will @gded to the list when you click Add IP.
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B RAMID

Technical Consultanis, Inc

¥ ¥

PSI Diagnostic v4.114

Select Ports for Autodetect Below

~ COM10

~ COMA1

~ IP 192.168.100.205:100
1P 192.168.100.238:100
[~ LAN Broadcast

Add IP 192.168.100.213:100

Remove IP
Start | Cancel

Figure 16. Adding a new IP address

When you click Start, the program will search fmops and devices on all checked options in the
list. A few seconds later, the program should faidhe connected devices. In figure 17 we
have found an 13200 with loop address 3, connemteldop 1 of an A500 controller at
192.168.100.213.
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& 751 Loop Disgnostic vA 11T T N R
Arctims— Bptirs—Wintour—Helg—— m— - I
& H 00 .
=D
=& [Loop 1]
.- 13200(3)

Figure 17. Discovered device

9.2.2 Datatab

Clicking on the the 13200 entry in the exploret Wsll open the 13200 window after a few
seconds. The data tab will be displayed, and évécd will be acquiring data using default
settings. If it is not acquiring data, click theitiate” button to start the acquisition. You sifb
see autoscaled background noise values on thesingith a histogram display of the 32

channels. Use the strip chart contr) to switch to the alternative display of signghsnst
time.
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£ PSl Loop Diagnostic v4.114 [P x|
Actions  Options  Window  Help

S H @ et

A System = | &=

500R5TS 192.168.100.213:100

@ Measuring

0.1 Initiate

<<l
o
o
o
o

~
o
ol
D
(4

0.08 Abort

<]
o
[=]
[+2]
e

0.08

<l

o |-

0.04

0.02

< <
(=]
[=]
[#)]
F-

<!
o 8 ~
S|5|of¢
ol
@ |N|C
| 0o|p -

3 Units: [nA -

v

Triggers: [ 2031028
0.02 ¥ 10 0032 =
0.04 0.032 Actuator
-0.064 [IIREPIEI
0.08 -] v -0.064 o
ol ¥ 15 - Continuity
R 0160 [ENESIE
0124 0.033
014 B 0032
5 9 T B 15T B
Buffer 28371 |
v[mte o] %] x[Fast <] Noag -] @ 2| =
Figure 18. 13200 data tab; histogram display.
A\ PSl Loop Diagnostic va.114 = [E
Actions Options Window Help
> | | Qo o

& System = =R
) AB00RETS 192.168.100.213:100

© [Loop 1]
- 1320003)

Initiate | ‘@ Measuring

Abort

Data
Mode: |Current -
Units: |nA =

Triggers: 3066589

EL e fah CRAR e HE
fr R et Actuator
i i
W 0.000 (HERSESRET
] g‘l ~ _
I ° : Cnritlnulty
AR -0.192 | EEEGESE

A
=
&(o|lo
o|olo
©|®|e
R

S

1

504.34
Buffer 56377 [

vlae o] %] x[Fast <] [Nomg -] @

Figure 19. 13200 data tab; strip chart display.

Now you can try the all the controls to see th#eat.
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Initiate / Abort

Initiate @ Measuring

Abort @ Triggering

@ Fast Mode

These buttons start and stop data acquisition. diBBicate whether the
13200 is measuring, triggered or streaming datagacontroller in fast
mode.

Gate active This LED lights if a gate signal is detected aheitgate input.

® Gated | The unmarked button is a test utility that sendsaomessage trigger on
the communication from the PSI Diagnostic to tH20IR

Triggers This counter shows the number of readings, ea@2 channels, made b

Triggers: 2031025

the 13200 since the last initiate. The numbereafdings you can log on
the host computer may be less, depending on théawuaif readings you
request, the averaging period and the availabke ¢ up to the loop
controller and the host computer.

y

T(s)

This is a readback of the last used integmnapieriod, in seconds.

Actuator

Actuator

Q In ]
Y out &

Clicking on the button causes +24V to be put outh@nactuator
connector; this would typically be used to energimesolenoid of a
pneumatic actuator. The adjacent LED turns gretireioutput is set on
The in and out LEDs show the state of the two Ismwittch sense inputs
on the connector.

Continuity

Continuity

@ o

This control causes +5V to be put out on particplas of the actuator
connector and the two signal connectors. It isrided for purposes suc
as external circuit continuity and isolation tests.

CAUTION: Do not connect the +5V output directlydny of the signal
inputs.

Buffer

Buffer: 22249

The PSI Diagnostic collects data coming from tH20[Binto a buffer,
with a rate that is the lesser of the actual adjpisrate or the X axis rat

setting. The buffer contents can be cleared wighGlr button ﬂ) or

can be written to a .csv file with the save bu(l.‘ﬂ). The buffer
number shows how much data is currently in thedsuffhe maximum
allowed is 65535 bytes, after which the buffer verapound to overwrite
the earliest values.

You can toggle data plotting and accumulation thibuffer with the
Run Plot controlim=s / mmmm). \When the accumulation is halted, ther
the slider is enabled, which allows you to scraltkthrough the data
when in strip chart mode.

(4%

This drop-down controls the vertical scalinfglee data plot. You can
select automatic scaling or various fixed propagiof the nominal 10 V
full scale.
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Display only positive This control is enabled for fixed vertical scalingtoggles the graphic

values from a display that is symmetric around O to orsg #inows only 10% of

the selected vertical scale in the negative dimecind all of the selected
vertical scale in the positive direction.

X: This drop down controls how fast new points areeaidd the data plot

s and the data log. For example, if your acquisiiettings generate a
value every 100 msec but you have 1 second selentés control, ther

o 120ms every tenth reading will be stored.

10s
Filtering The PSI Diagnostic can apply a filter to the plottiata to allow you to
Nowvs =] pick small signals out of noise. This filter islependent of, and

No avg
10x avg
100x avg
1000x avg

additional to, the effective averaging due to 8200 integration period.
The PSI Diagnostic filter is a simple 1IR typesiof n = Yne/A + (1-

1/A)Y pior_n-1,Where Ynew is the latest readingiof n is the current valug
to be plotted, Yot n-11S the prior plotted value and A is the averaging
value from the pull-down menu. You clear and negtee filter at any

time by pressing the reset but{ﬂ.
The filtering affects the graphed data and digitaplays. If you choose

to save the buffered data, you will have the oppoty to save the raw
values or the filtered values.

DC/AC

[oe] s [2e]

The DC/AC toggle removes the DC component fromsthie chart or
scope mode graphic data, but does not affect thatdisplay nor the
logged data.

Zero correction

|— Zero | €@ /
= Zemlil

When you press zero, the current values are capaune subtracted from
all subsequent readings as displayed on all thehgrand digital

displays, until you press the clear zeroes bliln If you choose to sav|
the buffered data, you will have the opportunitgave the raw values or
the zero offset corrected values.

D

Differential display

%l’

When this control is pressed, the graphic charmeéssplay the
difference between successive readings. The leaffgata is not
affected.

Graphic mode

2% = | 4l

You can plot the data as a rolling strip chart baachart (histogram).
The scope mode is a variant of the strip charstebd of a rolling chart,
the graphic is refreshed as a whole for each 26®pkss. In histogram
mode you can place a cursor on a particular chaonmeld out its value.
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=

Clear buffered data. Values are cleared from ®lel®agnostic data
buffer, but any acquisition in progress continued timestamps are not

reset.

1

Save data buffer contents to csv file. When yatkdhis button you will

see a drop down selecti

| Raw Data |
Plotted Data

which allows you to save

either the raw data, or the values with the PSybastic zero offset and

averaging

9.2.3 Setup tab

Click on the “Setup” tab. Here you can adjust measient parameters such as integration

period, feedback capacitor and PGA setting, seexitiernal bias high voltage supply, and use the

built-in calibration facility.

A 13200(3) : Address 3 on [Loop 1] on AS00R5TS 192.168.100.213:100

CONFiguration
~Integration Period

[|1.000E-003 ~|s

Range
1.000E-007 ~|A
-:-Subsamples
1 ﬂi

-Accumulate Mode —
None hd
-Capacitor

10 ~| pF
-Prog Gain -

[

~ External Bias -
Max (0V to 2000V)
2000 V

Setting
0
.

TRIGger
~Source -
{Internal -
- Gate Polarity -
oy "

- Trigger Points
INFINITE INF |
Connector -

" BNC & Optical
T cap [ Cap

Tus) Cmd 10pF  1000pF

Reset [ 20 I GO
setie [ 25 NN NEEH

Setup 20 -
SW 4 HEE offse)
Time [5 E (vidh)

| Flat Field |
Load I Save ] Clear ‘

Calibrate

—Calibration Current-
C 2@ [ 1 =

Gain Factors

~Capacitor Bank Select

110 ~| pF =4 2
:\-;’alid

@1

@ 2

@3

!

@ 5

- N

@7

- ]

Figure 20. Setup tab.

Try the following test to become more familiar witie 13200:
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Click the “Calibrate” button, and confirm that yaish to continue with the update whne the
warning dialog appears. After a about a minutestoauld see the gain factors updated (they
shouldn’t change much). You can see the full §&aors by selecting the second bank of 16

channels and the other feedback capacitor.

Now click the calibration current button and sekechannel. If you return to the data tab and
click initiate, you should see the calibration emtron that channel. Try moving it to other
channels. If the calibration current is overrat@erent reading is shown in red text), reduce the

integration period to bring it into range.

& 3200(3) : Address 3 on [Loop 1] on AS00RSTS 192,168.100.212:100

Last Error (2:31:13 PM) : SYSTEMFREQUENCY -203 CommandProtected

(OOleEE] “ | initiate | 9 Measuring
N— 2 0.006 Mo || REEDE
0.006 » Fast Mode
M 4 0.005 ) Gatecl_l
M5 0.006 Data
0.003 Mode: |Current -
] 0.004 [SHEE T
.]7‘ 5 =:: 0004 nits: |n -
4 Triggers 16941
o T (s):
Actuator
i - In
. _
Q Y out >
|7 . -
v : Continuity
v 004 @ o
0.010
Bl  0.007]
-10 - I I I I I 1 I I I I ] I ] I | =
1 3 5 7 g M 43 A5 G He 24 33 25 27 2 3
Buffer. 3096 x|
\":lAuto jJ ,\'.:|Fast j |100xavg jﬂ De | o Zer-:-|(j| <"‘/h|| L] = '”l w

(o8 ms)

Figure 21. Calibration current directed to chanridl.

The full set of controls and readbacks on the stthpare as follows:

Integration period

Integration Period

This dropdown selects the integration period usethe 13200, in
seconds. You can enter values other than theinribe drop

T000E-003 ] s down by entering them directly. The program shtwvesresulting
approximate full scale current for that integratpmriod and
selected feedback capacitor in the Range box.

Range Instead of entering the integration period,gan select the range

13200 User Manual

13200_UM_120720 Page 40 of 131




PSI System Controls and Diagnostics

Range
|1.000E-007 ~|A

in amps, and the program will compute the corredpanperiod.

Subsamples

Subsamples

| 1 4

The number of subsamples per integration. Se@sasct3 and
15 for full details about this feature.

Accumulate mode

Accumulate Mode

|Nnne j

Mo Compensation
Estimated
Lossless

Selection of various modes which integrate thegdaince the
last initiate, across multiple integrations. Seetion 15 for more
details.

Capacitor

Capacitor

10 -| pF
10

1000

Select which of the two feedback capacitors to Udee selection
applies to all channels.

Prog gain
Prog Gain

Select the gain of the programmable gain amplifiens the
available values. The selection applies to alhdeds. For most
measurements it is sufficient to leave the gaihatdefault of 1.

External Bias

External Bias
Max (0V to 2000V)

2000 Y

Setting
0
[ o N

If your 13200 has the high voltage option, you sidle the range
of the installed HV module displayed (“Max (0V tgxxV). You
can set the output voltage with the Setting boke Supply turns
on as soon as you enter a non-zero value. Ifupplgis negative
polarity, you must enter the negative value exgici

The Max box allows you to constrain the settinga fgarticular
maximum, for example to protect sensitive equipntieat cannot
sustain the maximum voltage of the supply. Notedwer that
there is some overshoot at turn on if your settgsionly a small
fraction of the full range of the supply. You skbahoose a
range suited to your application.

Trigger:Source

You can set various trigger optiofisternal” setting allows the
13200 to “free run” and take data without the nésdncoming
synchronization signals. Full details of triggemdes are given ir
section 15.
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Source

|Interna| j

External Start
External Gated
Message

External Start-Stop
External Start Hold

Trigger points
Trigger Points

This parameter selects how many readings will kertdollowing
initiation and triggering, up to a maximum of 65535licking the
INF button invokes the“Infinite” setting, which ails the 13200

INFINITE | INF ) X _ X
to acquire data continuously, until you abort eeasettings.
Connector Select which connector (BNC or optical receivep IB200
Connector should look on for the external gate trigger signégbu can also
© BNC @ Optical select which connector the 13200 should look ortlierreal-time
McCap [ Cap capacitor switching signal.
The Cap check access the dynamic capacitor swgdhature
(see section 15). Checking the Cap box underdkeigput that
you are not using for acquisition triggering cauesi3200 to
look at the level on the second gate input to dewilich
feedback capacitor to use.
Reset These controls set the integrator reset timingrpatars. See
RESet section 15. For most purposes you can use theltle&ttings.
Twsy Cmd 10pF  1000pF

reset [ 20 |NEEN
Stto [ 25

Setup 20
SWA 1 (Offset)
Time 5 (Width)
Calibrate Clicking the calibrate button causes the 13200x&ceate its

Calibrate

automatic self-calibration routine. A dialog boklwpen
warning that you are about to overwrite the staa&dration
values. The gain values will be displayed upon gieton.
Click the bank selection options to display thengdor channels
1-16 (bankl) or 17-32 (bank 2), and the capacetecs
dropdown to choose which capacitor’'s gains to digplThe
gains displayed are those for the selected capacitou can save
the calibration to 13200 EEPROM memory, load a presly
stored calibration, or clear to the uncalibratedest

Load | Save | Clear |

Calibration Current

You can enable the built-inlwation source with this button,
and control which channel it is directed to. Therent is 500 nA
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@ o

’—Calibration Current

(rev 2 and earlier hardware) or 83.3 nA (rev 3 haxet).

Flat Field

14.

The Flat Field facility of the PSI Diaggtic allows you to
compensate for unequal responses from the readbatsulti-
element sensor system, such that the responséféonan
irradiation is uniform. This is described in maletail in section

9.2.4 Device tab

The Device tab allows you to check the communicalilak status and verify the versions of the
hardware and firmware. On the right is the firmevapdate utility. You can use this to

download firmware updates (.hex and .fhex filesydl@aded from the Pyramid Technical
Consultants, Inc. web site.

Device

A 13200(3) : Address 3 on [Loop 1] on AS00R5TS 192.168.100.213:100

Communication

-Messages Sent —

| 1025911

-Checksum Errors —
| 0
-Echo Errors -

o

- Timeouts

I 54133

Reset Counters

SYSTem

,
:AUTORECover 9

:COMM:TERM 9

:COMM:CHECksum | @
—:FREQuency

|5[] Hz Yl

r:SERIALnumber

I 0000001646

Properties

—Device Version
4.0J

—FPGA Version
5.3.23

—Hardware Version —
3

=10 Input Length ——
2

— 10 Qutput Length —
141

:COMM:TIMEout

[ o

Utilities

Reset Device

U

—Upload Application —

Select hex file

—Upload FPGA

Select fhex file

Last Error (4:59:48 PM) : SEMDIO -200 MotConnected

Figure 22. Device tab showing firmware updateityticontrols on the right.

Communication

The counters show details of the camoations between the 13200 and

13200 User Manual

13200_UM_120720

Page 43 of 131




PSI System Controls and Diagnostics

its host. You can click the Reset Counters butibareset the fields to
zero.

SAFEState Enabling SafeState will cause the 13200 to gogaléfined safe state if
e r— o there is a communications timeout. In particuter HV supply will be
o turned off.
AUTORecover Enabling :AUTOrecover sets a state in which th@®@®@ill attempt to
oo s | restart automatically if it detects data corruption
Comm:Term, These controls affect behavior of the 13200 wheASCII terminal
Comm:Checksum | mode. You can ignore them when using the PSI Risgn
Frequency This parameter sets the averaging period thatogilised for the
‘FREQuency automatic calibration. You should set it to thedline frequency.
|60 Hz -

‘5|60 Hz

SerialNumber

This is the manufacturing serial nundfeour device, and should be
left unchanged.

Comm:Timeout

This field can be used to control how the 13200awe!s if the
communication link to its host is lost. Enteringyanon-zero integer

COMM:-TIME out
| = value sets the number of seconds before the 13868 @ the defined
safe state, if the SAFEState feature is enabled.
Properties This box displays:

Device Version

. . . 4.0J
PIC microcontroller firmware versiol'

FPGA Version

FPGA firmware version' 5323 )

Hardware Version
3
).

Some details of the I/O messaging are also disglaye

Board hardware versiol.

Upload Application

Upload Application
Select hex file

This button starts the 13200 PIC microcontrollemfivare update
process. It opens a file selection dialog. Whem select a hex file it
will start uploading to the 13200 immediately. Upoompletion the
13200 will restart automatically, and you will sése new Device Versiot
number displayed. See section 23 for full detaiilhe process.

Upload FPGA
Upload FPGA

Select fhex file

This button starts the 13200 FPGA firmware updateess. It opens a
file selection dialog. When you select a fhex filwill start uploading tg
the 13200 immediately. Upon completion you will m@mpted to powe
cycle the 13200 to load the new code, and you seé the new Device

Version number displayed. See section 23 fordethils of the process
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Reset This button causes a full warm reset of the 13280y acquisition in
progress will be lost, the HV will be disabled ahd 13200 will return to

Reset Device its default settings.
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10USB Installation

If you intend to use the USB interface, you mustafi the appropriate drivers on your computer.
The 13200 is supplied with all the necessary USBails, support files and utility programs on a
USB memory stick. We recommend you copy theseardoectory on your computer.

Each 13200 is identified on USB by a vendor idecdiion (VID), a product identification (PID)
and the unit serial number. All 13200s have thees&1D (0403, indicating the USB interface

chip vendor, FTDI Ltd) and PID (C58A, indicatingetl8200 product) but have a unique serial
number, which is prefixed by the PID.

Microsoft Windows will recognize when a device wémew combination is connected for the
first time, and launch the “Found New Hardware” avi. The selection of files installed by the
Wizard is guided by information in the file PTC.INFhere are two types of driver for the FTDI
chip, COM and DLL. Itis important not to let tiezard install the COM driver, which it tends
to do if you take defaults. The PSI Diagnostidwafe requires the DLL driver. The wizard
should be run as follows for Windows XP. If yotelaconnect a different 13200 via USB, you
will prompted to go through the installation agaifhis is because Windows XP distinguishes
devices that have different serial numbers, evéimey are otherwise identical.

The driver installation is similar but more autoethin Windows 7. Windows 7 is also able to
tell that different 13200s can use the same driver.

1) Don't let the wizard look for drivers on théemet.

Found Mew Hardware Wizard

Welcome to the Found New Hardware
Wizard
Windows will search for current and updated software by locking on

yvour computer, on the hardware installation CD, or an the Windows
Update Web site (with your permission),

Can Windows connect to Windows Update to search for software?
(™ Yes, this ime only

" Yes, now and every ime | connacta device
® Mo, notthis time

Click Mext to cantinue

l Mext > | Cancel

Figure 23 Start of USB installation wizard

2) Select installation from a specific location.
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Found New Hardware Wizard

Py

This wizard helps you install software for.

PTC 13200

L',) If your hardware came with an installation CD or
N floppy disk. insert it now.

What do youwantthe wizard to do?

(O Install the software automatically (Recommended)

\_:):) Install from a list or specific location (Advanced)

Click Next to continue.

[ <Back ” Next > 1 l Cancel ]

Figure 24 Selecting installation from a specificétion

3) Using the browse option, navigate to the locatbthe PTC.INF file in the directory where
you copied it on your computer. The driver fileglaininstall files should be in the same
directory as PTC.INF.

Found Mew Hardware Wizard

Please choose your search and inslallalion oplions.

e Search for the bestdriver in these locations.

Use the check boxes below to limit or expand the default search, which includes local paths and
removable media. The best driver found will be installed.

[~ Search removable media (floppy. CO-ROM..}

[ Include this location in the search:
|C:\Documanl<; and SetiingslJehn Gorden\My Documants _v_|

i Don'tsearch. | will choose the driver lo install.

Choose this oplion to selectthe deviee driver from a list Windows daes not quarantae thatthe
driver you choose will be the best match for your hardware

< Back .. Mext > | Cancel |

Figure 25 Preparing to browse to the directory wenthe PTC.inf file has been placed

The wizard may find other .inf files which also leaxalid entries, depending on the history of
your PC. Select the PTC.INF file to be sure youehthe latest version.
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Found New Hardware Wizard

Please select the best match for your hardware from the list below.

G PTC 13200
Descnption  Version | Manufacturer  Location
PTC K400 3320 PTC cwindowslinfoem42inf
PTCIa00 3120 PTC c\documents and sefingsijohn gordonmy docume

& This driver is not digitally signed!

<Back I Mext > | Cancel

Figure 26 Selecting the PTC.inf file

If there is only one valid entry, the wizard willqeeed directly to the installation phase.

4) Allow the installation to continue despite tiéver not having the Windows Logo approval.

Hardware Installation

! : The software you are installing for this hardware:
PTC 13200

has not passed Windews Logo testing to verify its compatibility with
Windows XP. (Tell me why i bng is impartant

Continuing your ir ion of this may impair or
destabilize the correct operation of your system either
immediately or in the future. Microsoft strongly recommends
that you stop this installation now and contact the hardware
wvendor for softy that has p d Wind, Logo testing.

Continue Anyway | STOP Instaliation l

Figure 27 Ignoring theWindows Logo testing warning

5) The driver installation should now occur.
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Found New Hardware Wizard

Please wait while the wizard installs the sofiware__.

GQ - PTC 13200

o 7

Setting a system restore point and backing up old files in case
your system needs to be restored in the future

Found New Hardware Wizard

s Completing the Found New Hardware
Wizard

The wizard has finished installing the sofiware for

% PTC 13200

Click Finish to close the wizard.

Figure 28 Driver installation dialogs

When installation is complete the “Your new hardsvarinstalled and ready to use” message
balloon should appear. You may be prompted toaepour PC.
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11Choosing ASCII or Binary Modes

The communication mode that you choose is guidegbly application requirements, and your
host computer system. Some of the features anatimes described elsewhere in this manual
are restricted to one or other of the modes. Kaenple screenshots from the PTC Diagnostic
host program show the 13200 working in binary mode.

The key features of the two modes are as follows:
ASCII mode
Optimized for ease of use with existing and |lggaaftware systems
SCPI instrument model
Control is possible from basic terminal prograand ASCII serial device drivers

The calibration is applied in the 13200 and ressafe transmitted as floating point
numbers in coulombs and seconds

Maximum data rate to host 3 Mpbs (if physicaklagllows), or more typically 115.2
kbps for RS-232 connections

Supports looped devices

Binary Mode
Optimized for speed
Maximum data rate to host 10 Mbps
Supports looped devices
Compatible with the A500 real-time loop controlle

Control requires a suitable DLL to run on thethemsnputer, integrated with your
application code, or the PTC Diagnostic host pnogra

Complete data sets can be buffered in the I132@0nal memory for cases where
acquisition rates exceed the maximum data tranafer

All data is stored and transferred as 16 bitfgin&onversion to values in coulombs or
amps is performed by the device receiving the (fRahost or the Pyramid Technical
Consultants, Inc. loop controller), using calibvatiactors uploaded from the 13200.

Required for the 13200 FastMode, which guaranteesiguous data at maximum rate in
short bursts irrespective of the data rate to tst, tby local buffering in the 13200. FastMode
also allows integration periods and subsample geritown to 20 usec.

13200 User Manual 13200_UM_120720 Page 50 of 131




PSI System Controls and Diagnostics

12How the 13200 Works - An Overview

The 13200 is a very flexible instrument which uaesharge measurement method that may be
unfamiliar to you. This section gives you an owewof how incoming signal current is turned
into readings. The underlying details are in thetisns that follow.

All thirty-two channels are identical and work ynshronization. So to start with, we can focus
on a single channel. Imagine there is a smaleatithat you wish to measure, which may be
varying in time.

Current

Time

Figure 29. A current to be measured

A conventional current to voltage conversion methaaild convert this current into an

equivalent voltage, and this voltage would be coiegeto a number by an ADC (analog to

digital converter). However this method is lesgadile for measuring very small currents
because of signal to noise limitations. The I3 efore uses a method called gated integration
instead.

Imagine that at some point in time, you start aadiatimg (integrating) this current on a
capacitor. The capacitor will charge up, and amgasing voltage will therefore appear across
the capacitor.

Current/ Voltage

Time

Figure 30. Voltage on a capacitor that is conndcétime zero
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If we measure this voltage with an ADC, we will knthe charge on the capacitor at the time of
the conversion. If we measure the voltage at tmeg, we will know the charge at those times,
and therefore the increase in charge over a knonainterval.

Current/ Voltage

>

-100 -50 0 50 100 150 200 250 300 350 400
Time

Figure 31. Capturing the voltage at two times

From this we know the average current during tina¢ interval, because current is simply
charge divided by time. The time interval is cditbe integration period.

We cannot allow the voltage on the capacitor tqobyrincrease for ever. The ADC has a
specified input voltage range, and there is ljtdént in exceeding it. Therefore we must
discharge the capacitor periodically, and this sad@me time, typically 20 usec. Then we can
restart the cycle.

Current/ Voltage

e

-100 -50 0 50 100 150 200 250 300 350 400
Time

Figure 32. Discharging the integration capacitarchstarting a new cycle.

The process of charging the capacitor and dischqutgi reset is called gated integration. The
length of the integration can be controlled inliege 20 pusec up to 65 seconds, and typical
working values are in the range 100 psec to 10@mBietice that the first ADC conversion
does not take place immediately when the integnadtarts. This is because the signal is
unreliable just after the reset, so we wait a toaked the settle time before making the first
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conversion. This time is normally set to 20 ps&he settle time can be adjusted, but it is a
rather detailed parameter that doesn’t usually nede worried about.

We can get a running measure of the current bylginepeating the integration cycle as many
times as we want. Each time we can divide the oreagent of charge that is the difference
between the ending and starting ADC values byithe interval between them to get the current
reading. The number of readings you request flwr3200 is called the trigger count. You can
set it to “infinite” if you want, in which case réi@ags will continue until you stop them.

Current/ Voltage / Reading

1 1A
A

1300 1800

Time

Figure 33. Repeated integrations to sample a omwtiis current signal. The blue bars indicate
the readings; each is the final ADC value minusstagting ADC value for that integration.

There are some points to note. Firstly, notice tiva readings are very clearly linked to the time
of their integration. Because of the resets, tier® influence at all from earlier integrations.
Next, notice also that we get no information abdoaw the current may have varied within each
integration - we see only the average. Finallyiceathat we are not measuring at all during the
resets. If you choose short integration timesyéiset time might be a noticeable fraction of the
overall time.

Why would you choose any particular integrationg®nThe first consideration is the size of
current you expect to measure. For a given chatggrating capacitor, the longer the
integration, the smaller is the maximum current gan measure, and the more sensitive the
13200 is to very small currents.

The next consideration is timing. If the curreatiyare measuring is only present in a short
pulse, there is little point in integrating longkan this, because you will simply be measuring
extra noise. If the current is continuous butVesations that you wish to measure, then you
must have integrations short enough to be sendditiee variations, rather than smoothing them
out.

The final consideration is filtering. A given igi&tion time, used repeatedly to measure a
continuous current, acts as rectangular low-pétes.fiThis has the property of completely
suppressing frequencies in the signal which coordo the integration period. If you are
troubled by 60 Hz noise, for example, then usingnéegration period of 1/60 seconds will
eliminate the problem.
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The 13200 provides a lot of flexibility in how measments are made. Let’s look at some of the
parameters.

Current range

You can set the integration time, choose betweentegration capacitors, and also chose the
gain of an amplifier stage that follows the intégra The nominal full scale current you will get
as a result is given by (10.C)/(G.t) where C isdapacitor size in farads, G is the variable gain
amplifier setting (G = 2*n, where n is the ranggex, O to 7) and t is the integration time in
seconds. For example, if we select the 10 pF d@paa gain index of 0 and integration time
250 psec, then the full scale current will be 0M

Time resolution

You are not limited to having ADC readings onlytta¢ start and end of the integration cycle. A
parameter called subsamples increases the numbenwérsions, and therefore provides
information about what the signal is doing withachk integration. Subsamples =1 is the basic
case, as illustrated above in figure 33. If weeased the value to 9, we would get eight
additional intermediate readings. We could usedtie see how the current was changing during
the integration. If the current suddenly changethe middle of an integration, for example, we
would be able to see more exactly when this happefibe smallest time step between
subsamples is 20 usec.

Current/ Voltage

/
-100 -50 0 50 100 150 200 250 300 350 400
Time

Figure 34. Sub-sampling, nine subsamples (thedoaversion is the offset subtracted from the
subsequent conversions).

Accumulation

Some applications require that charge is accundilater an extended period, for example to
measure a radiation dose as it builds up to attasjee. You could simply add up the
successive readings, but the 13200 can do thisrattoally. If you enable accumulation, there
are then three options for how it handles the thatis lost during the reset process. The 13200
can simply ignore the missing data, which can lmepi@able if the reset time is small compared
to the integration time. It can extrapolate thesinig data from the previous integration, which
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will generally be accurate unless the signal iyimgrvery rapidly. Finally it can use any external
capacitance as a temporary store for the curreimglthe reset.

Triggering

In many cases you will need to coordinate the I32@asurements with external events. You
can preset the 13200 with all the measurement patenisuch as integration time, number of
sub-samples, capacitor selection and so on, thigténit ready to respond to a trigger signal.
The preset measurement sequence will start asasothe trigger arrives. Remember that the
readings don’t occur at the exact moment of thyggéi, because the integration process has to
occur first. The settle time must pass, then tB€Aonversions occur at times according to the
measurement parameters. You get time stamps hifitkh& data, so you can see afterwards
when the readings were captured.

You can control the number of readings that foltbe trigger, with a parameter called trigger
count. Each reading is one count. Thereforeuf syecify a trigger count of nine and a sub-
sample of 1, the 13200 will do nine full integrat®dand you will get nine readings. If you
increase the sub-sample number to nine, the 13220drdo one full integration only. You
would still get nine readings as requested, but tieege are the subsamples from within the
single integration.

There are various ways of responding to the trigggmal. You can specify whether signal is
electrical or optical, whether a rising or falliegge, and how the 13200 should respond to the
end of the trigger pulse. The end of the pulsebmaignored (external start mode), or it can be
used to terminate the measurement sequence (ehd&artastop mode), or it can be used to
suspend the measurement sequence (external slicurabde).

Self-testing and calibration

The 13200 can calibrate itself on all channelsyfalitomatically, and it stores the resulting
factors so that it can provide results in physigats (amps or coulombs). You can also turn on
the calibration current at any time and send &rtg channel to get a performance verification.

There is in addition a switchable test voltage ta@at be sent out from the 13200 to external
resistor networks, for checking external circuihtouity.
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13 Principle of Operation

13.1 Gated Integrators

The 13200 uses the gated integrator method. Fhasparticularly effective technique for
measuring small amounts of electrical charge. di@ge accumulates on a small low-leakage
capacitor in the feedback loop of an operationgbldrar, with the result that the voltage at the
amplifier output is the integral of the currentttAaws into the input (figure 35).

FET Sw2
o/o
Ch |
i(t) N I 'V(t)T —
t t
O—0—¢ =
FET N ° 1
Swi V=-— i(t)dt
Cfb

VY

Figure 35. The basic gated integrator circuit.

Integration starts when FET switch Sw2 is openEde current into the input can be negative or
positive. The voltage at the output of the amgtifs amplified, sampled and digitized by an
ADC. Calibration with a stable, accurately knowsttcurrent allows variables such as the exact
size of the feedback capacitor, buffer amplifiengand ADC gain to be compensated in one
gain factor. There is a factor for each input cten At any time t after the start of the
integration, the accumulated charge is thus giyen b

= k(ADCt - ADCstart)

qmeas

where k is the gain factor. The data can alsorbsgmted as an average current in the time
interval between the readings, because that interkaown accurately.

— k(ADCt - ADCstart)

meas
t

As the integration proceeds, this measure of tieea@e current achieves increasing signal to
noise ratio, as more charge is accumulated ankbthpass filtering roll-off due to the increasing
integration time moves to lower frequency.

The inherent integration is very effective in reihgcnoise, being in effect a rectangular low-pass
filter with -3dB response at 0.444#z and zero response at N/t Hz, N=1,2,3,.... Known
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dominant noise frequencies, for example line vatagerference at 50 Hz or 60 Hz, can be
completely suppressed by choosipg® 1/50 or 1/60 seconds, or integer multiples there

Readings are available at timesyadluring the integration, where n = 1... N with N thember
of sub-samples requested in the integration petigdand §., = t,er/ N. Figure 36 illustrates
how a portion of the input waveform is integratgdiiee opening of Sw2. ADC readings are
taken for the sub-samples, with AR being subtracted from each subsequent sample to
produce a charge reading.

NN N —

Open
Closed / \

i)

Sw2

V()

ADCN

ADC n

ADC

ADC 0 = ADC start | ‘ ‘
|

n.t

sub

v

per

Figure 36. Data acquisition timing diagram. THets are (from the top) illustrative input
current waveform; integrator gate Sw2 state, intggr output with ADC sample points shown;
ADC readings.

Integration cannot proceed indefinitely becausecttege amplifier output voltage cannot
exceed its voltage supply rails. It is necessamgset the integrator periodically, at a rate
determined by the average input current and theedfithe feedback capacitor. After the defined
integration period,.t, switch Sw2 closes to short the feedback capaaitdrrelease the charge,
S0 zeroing the integrator ready for the next cycle.
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The reset time needs to be sufficient to completigdgr the accumulated charge through the FET
on resistance, and thus depends upon the size éé¢kdback capacitor. There is also a short
settle time allowed after opening Sw2 to startithegration before the start ADC reading is
taken, to allow transients to die away. A furthiere associated with the reset, called the setup
time, accounts for the fact that the ADC conversiare not generally exactly aligned with the
end of the specified integration period.

Because the ADC conversion period can be consitjeshbrter than the integration period, the
13200 can use sub-integration period samplingaoktthe charge build-up on the feedback
capacitor between resets, as described above.emhaldes several useful measurement
techniques and features in the 13200: When theageecurrent being measured is very low, so
that a long integration period is needed to gakaipe value, sub-integration sampling allows
intermediate current values to be returned, ratiar having to wait for the integration to end
before getting a new reading. Additionally, tinesolved data is available from within the
integration period. This allows, given adequagmal to noise ratio, reconstruction of the shape
of a pulse that occurred within one integrationquér
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13.2 13200 Circuit Overview

The signal inputs are protected by spark gapsadsesif, and back-to-back diodes to analog
ground. A series input resistor can also be fitted default is zero ohms. The thirty-two
identical gated integrator channels operate inlighralhe +/-10 VDC span outputs from
integrators are fed via buffer and filter amplifeand programmable gain amplifiers (PGAS) to
the inputs of eight parallel four-channel ADC dedc Each ADC samples two inputs
simultaneously, and the converter digitizes thasguick succession. A few microseconds later
the other two inputs are switched into the samptetelds, and also converted.

i Q | Output to wire array continuity check Selectable test & calibration sources ' D '
i i Check Actuator control E i
P Channel # 01 I voltage P
: : Calibration LEDs e : E
E i High range capacitor current src —@ +24V ! !
N Filters PGA HV PSU

i [> 1 == fiters S Gain control | (optional)
I ? I |

P DAC

N A — - TIMUX| S&H

K HO— MUX — LEDs

VD %03 T —MUX| S&H

- O #04 — — 8

PR : - MUX| S&H USB QD
- #05 - # 08 ] MUX

- ] MUX| S&H

P RS232 %D
FXT . MUX| S&H

N #09-#12 ] MUX —

FI | “IMUX| S&H |,>
e X

PR - MUX| S&H

N #13-#16 . MUX RX <]
LT ] MUX| S&H

1 1

E E Trigger

i T ] MUX| S&H inputs flo
P #17-#20 ] MUX — RX <]
P - MUX] S&H = 4
b3 ] MUX| S&H

Pl #21-#24 ] MUX +-15V, +5V, +3.3V, +1.5V
- ] MUX| S&H 1]

g ] MUX| S&H

Pod #25-#28 . MUX DC-DC

Pl L MUX| S&H converters 24VDC
i | in
Pl ] MUX| S&H

b3 #29-#32 ] MUX

_— ] MUX| S&H

Figure 37. 13200 block schematic.

The net result is that sixteen values (the odd-reretbchannels) are sampled at the same
moment and the remaining sixteen values (the ewembered channels) a few microseconds
later. Where the signal currents are high enoaglie good signal to noise ratio on short
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integration periods, it is possible therefore tquae a rapid sequence of thirty-two channel data
sets with good simultaneity across the channet$ panfect simultaneity across each half of the
channels. A typical application would be a positencoding detector such as a segmented
ionization chamber or wire array in a beamline, rghgu want to see how the beam profile
changes with time. Programmable gain amplifieiSAB) allow the integrator outputs to be
adjusted to make best use of the ADC range. Refi#re section on time resolved measurements
to see how this works.

The digitized charge values are managed by a noatoaller/FPGA combination which handles
all measurement timing control, calibration, datawersion, data buffering and communications
to the user’s host computer system. Communicatiansoe via RS-232, USB or fiber-optic
using ASCII protocols based upon SCPI, or binaotqaols. The fiber-optic interface allows a
full loop-based system, with multiple individuallgdressed devices.

The 13200 can be pre-programmed to perform a spesgfjuence of measurements when it sees
a hardware trigger signal. This signal can be h [EVel or a fiber optic light. The unit can be
programmed to respond to a rising or a falling edge

A precision calibration true current source is bmilto the 13200. It can be switched individually
into each channel. Confirmation of correct operaind automatic gain calibration can be
performed under remote control.

An additional test capability is provided to conficontinuity of the external circuit. A+ 5 VDC
test voltage can be switched to pins on the sigmahectors and the actuator control connector.
Routing this voltage through high value resistaskoto the signal inputs allows the continuity
of the external signal paths to be confirmed.

Each integrator circuit has a FET switch in semei$s input, in addition to the reset switch ig it
feedback loop. Operation of this switch in combimrawith the reset switch allows an
integration mode where no charge is missed, evangltesets. This is described in section 15
on charge accumulation measurements.

An optional auxiliary HV output can be fitted toopide bias voltage to detectors. This can be
programmed over its full voltage range, and a grenidivider on its output provides output
voltage sensing via a DAC.

All internal power supplies are derived from the\daC input via isolating DC-DC converters.
The input is protected and filtered by transorbreskage clamping diodes, a 1.1A fuse, a
reverse-polarity blocking diode, series chokes@ewbupling capacitors.

An auxiliary connector provides switched +24V DGyao suitable to control a pneumatic
actuator, such as may be used to move your detggttem into and out of a beam path. Opto-
coupled inputs are provided for limit switch semgsin
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14 Calibration and Self-test

14.1 Calibration

14.1.1 Calibration source

A precision current source is built into the 1320Che value is 500 nA or 83.33 nA depending on
the hardware revision of the 13200. The reduct®mB3.33 nA was introduced in revision 3
hardware to allow the calibration to performed vath msec integration time on the 10 pF
feedback capacitor. This allows a more accurdtbrasion.

The calibration source is a true current sourceammg that it delivers this current irrespective of
the impedance of the measuring device, withinithéd of its voltage compliance. A network

of semiconductor switches routes this current toare of the 13200 channels under software
control, so you can confirm that the selected cehfunctions correctly, and gives an accurate
reading. Note that this current is added to amyecu that may already be present on that
channel.

14.1.2 Automatic Self-Calibration

The automatic calibration function of the 13200sufee calibration source to measure gain
factors for each channel, and thus level the geitgiacross all the channels. This is necessary
primarily to compensate variation in the valueshef feedback capacitors, but also includes any
gain errors in the other amplifier stages and tBe&CA

Before doing the calibration, you should ensur¢ tih@re are no signal currents that would upset
the calibration. The safest way is to disconnleetihputs, although it is acceptable to confirm
that all the measured currents are very low andeafsee. You should also ensure that the reset
and settle times are at their recommended defaildes. The 13200 switches the calibration
current routing and feedback capacitor selectiahamtumulates multiple readings for each
channel in order to get noise-free calibration galuAn error is flagged if the gain factors vary
by more than 0.3 from the nominal value of 1.000e 64 values are stored in EEPROM in the
13200, in one of two locations.

Note that calibration factors are only stored f&*@A setting of 1. The readings for other PGA
settings assume that the PGA scalings are theimadwalues. As a result, you should only rely
on the absolute accuracy of the 13200 when the B&#ng is 1.

14.1.3 Using the calibration current source to iden  tify cross-talk

If you turn on the calibration current, it shouldyshow up on the selected channel, with
negligible cross-talk to other channels. Howeher¢ may be an inadvertent connection
between two channels in your sensor system orrgablin this case you may see current in more
than one channel when the calibration is enabldl the external circuit connected. This can in
fact be a useful means of diagnosing unwanted shogtour system. Simply step the calibration
current through all 32 channels and confirm thatwiole current shows only in the expected
channel.
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14.2 Continuity test signal

The 13200 provides a +5 VDC test voltage that caswitched to pins on the signal and actuator
connectors. You can route this through high vaéisestors on your system to generate currents
that can be fed back to the signal inputs throumlr wiring, and therefore test the integrity of
the signal paths. The resistance between chammedsbe high compared to the 13200 input
impedance to minimize crosstalk. For critical agggions where very low currents are being
measured, you should not have the resistors fitteeh taking important data. Some
experimentation will show whether you can tolettatd resistors in your application. Figure 38
shows a suggested resistor network that injectatgb®&, / (Ro1 + Ro2)) / (Rs+ R + Ra) amps
into each channel when the test voltage is enahblbedre Ris the input impedance of the 13200,
and Ra is any additional internal series resistance ybatspecified at the time of order, IR
about 2 kohm, and can safely be ignored.

The circuit can be altered to suit individual neetisgher R values than 1 Mohm can be used to
supply reduced current to the detector electratidsesired, which will reduce any crosstalk.

The ratio of the voltage dividergR Rp2can also be altered according to the current yain o

use for continuity testing, or it can be omittethgéther.

+5V
test

1k
Detector Rg

oV electrodes M

Ch1/17 O [ b
Ch2/18 O [ b
Ch3/19 O [ b

13200 signal input connector

M

Figure 38. Resistor network for testing externghal path continuity.

Addition of individual switches to the circuit afjire 38, as shown in figure 39, allows any
combination of one or more channels to be fed witlient via the external circuitry. This can
assist you to ensure that the sensor element®aezty allocated to the 13200 input channels.
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+5V
test

1k
Detector Rg

ov electrodes 1M

oni7o I S
cnans 0 =
cns19 0 — e

13200 signal input connector

omez2 0 =

Figure 39. Resistor network with switches

A further variant of the test circuit can producgiraple pattern of currents, for example an
ascending staircase. This can provide an “atracglaindication that your external connections
are in the correct sequence.

ov O
% Ro
I Detector R 100R
8] electrodes
2
c Chl O
o
S ch2 ©
3
c Ch3 O
©
S
g 100R
S o
© chz2 O I e ==
+5vV O

test

Figure 40. Continuous resistive divider to prodaceegular ascending staircase in 0.156pA
steps to 5.0 pA.

14.3 Flat Field Compensation

The 13200 is well-suited to reading out arraysdefritical sensors, for example position-sensing
gas chambers, photodiode arrays, or stacks of sensed for particle range measurement.
Whilst the 13200’s internal calibration processlwihsure that the channels have very closely-
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matched sensitivity to current, the sensors therasedre likely to have some variation in
response. The PSI Diagnostic software allowswuhigtion to be compensated, so that the
combination of sensor and 13200 gives a uniformpoase to a uniform irradiation (a flat field).

You access the feature on the PSI Diagnostic Satypvhere it is a sub-tab in the calibration
area.

4% B200(3) : Address 3 on [Loop 1] on ASOORSTS 192.168.100.213:100 =@ ==

CONFiguration TRIGger Calibration Flat Field|
~ Integration Period — _ Source Load | Save | Clear |
[t000E002 | s [ema 5] -- i [ 200007007 |
“Range i ! Comp. Signal | 2.000e+001
[o00EG0s <A | | [ GatePolariv - Ofset _Gain Ofiet _ Gain
@ s 11.891e.010 |2.579e+008 17 | 5.451e011 |1.378e+008
[Elsnie e 2/3.436e.010 [1.297e+008 15 [5.381e.010 [1.378¢+008
I ] = - Tnigger Points 3 [-2403¢010 [8.644+007 19 [8.296e010 [1.379e+008
—Accumulate Mode — [ NFINTE | InF | 48316010 |6.500e+007 20 | 2.318e.010 |1.379e+008
IND”B K —Connector—————— 5|-3.3772.010 [5.185e+007 21 | 1.140e009 |1.378e+008
—Capacitor ———— C BNC & Optical 6| 5943011 [4321e+007 ) [6.495e.010 [1.378e+008
Imoo vl pF Lips Lcay 7/8.389e.010 |3.708e+007 53 |-1.520e-010 |1.378e+008
—Prog Gain 8| 51656011 [3.242e+007 24 |-1.1726.010 |1.380e+008
- RESet 9 [4.992¢ 010 [3.258+007 o5 [6.938e.010 [1.381e+008
] Iws) Cmd  10pF  1000pF 10 | 1131010 |3.689e+007 3¢ | 1.240e.010 [1.378e+008
_ifie[:\ﬂ ZBUI?US‘.": reset [ 20 |HENEEE 11 | 35316010 [4.310e+007 37 [2.913e010 [1.382e+008
IWV seile [ 25 | HEEHE NEE 12 | 1.389¢-009 [5.186e+007 g | 3.396e-010 [1.375¢+008
o sewp [ 20 ECER 13 | 2.167e.010 |6.510e+007 39 |-8.894e-012 |1.377e+008
500 swi [ 4 [EE ofse 14 ]1.3440.009 |8.634e+007 30 | 2.704e-010 |1.376e+008
_v Tme 5 i i) 15 | 1.683e-009 [1.293e+008 31 | 6.419¢.010 |1.381e+008

= 16 |-2.377e010 [2.590e+008 37 | 7.544e.010 |1.377e+008

Figure 41. Flat field compensation utility

The software stores a compensation offset andfgetar for each channel, and the set of values
is associated with a particular 13200 serial number

14.3.1 Obtaining flat field compensation parameters

The procedure to obtain the factors is as follows:

1) Ensure that the 13200 is calibrated in the Lisag.

2) Connect the 13200 is connected to the sengtr,bias voltage applied as necessary, but with

no signal present. This should be a representatiekground. Click the Apply Offsets button;
the sensor offsets will be recorded by the software
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3) Introduce a uniform (flat field) irradiatiorEnter the value of this uniform irradiation in the
Comp. Signal box. The units can be whatever is@pjate for the incident irradiation. Click
the Apply Gains button. The software calculatesféttors.

4) If you are happy with the factors, click Sawartake a record on the host computer.
Whenever the particular 13200 is connected, thefacan be recovered with the Load button.

14.3.2 Applying flat field compensation

The compensated readings are accessed via the "Qombgelection on the Data screen. In the
following example, figure 42 shows a uniform flalél stimulus of 20 arbitrary intensity units,
measured in absolute current units, in the nornagl. Wi he response is non-uniform, due to a
non-uniform response of the sensor, greatly exaggeifor the purposes of illustration.

Address 3 on [Loop 1] on AS00R5TS5192.168.100.213:100

¢ Measuring

@ Triggering

0= i i i |

Abort
0.9 @ Fast Mode
L] Gatecl_l
0.8
2 4 Data
. : Mode: |Current  ~
a - T
— 3 Units -
ol 9 nits: |UA
v Triggers 100421
0.5 i~ T (s)
v
0.4- z Actuator
v Q In @
0.3 Y out >
: v
- v 15 1 Continuity
P 077 IR
0.1 0.145

<]
o
i
=
[+

<]

1 3 5 7 8 11 13 15 17 19 21 23 25 27 20 31 » | “None |
Buffer 65535 N | | -
Y: i -’j;};zi,E;jEI ,\'.:|Fast j |N0 avg jg DC | = Zero | G| 9% | 2| 2|l | = ﬂ

Figure 42. Simulated non-uniform sensor respoosaiform irradiation

This stimulus was used for a compensation calimatiThe next figure shows how the same
stimulus then appears when measured in compengaitsd The response is flat with a value of
20, as required.
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& 13200(3) : Address 3 on [Loop 1] on AS00R5T5 192.168.100.213:100

»

25.904 Initiate ¢ Measuring
=l o @ Triggering
@ Fast Mode
L] Gatacl_l
20 v Data
Mode [Current |
rd
) Units: |Comp -
15 v Triggers 'm
v T (s):
. Actuator
10 v = In @
O Y out J
) Continuity
7id
v @ o
v
04
rd
-2.5904 -
1 [ 15
Buffer: 65535 =1 |
V: - X.:|Fast j |N0 avg jg DC | = Zerr-‘|€'l 9| || B |l
Figure 43. Uniform response recovered using corsgtd units.
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15Making Measurements

15.1 Current and charge ranges

The 13200 measures the charge g that in integratetie feedback capacitor. The exact
integration timegder is returned with every reading, so the valuessamply converted to the
average current during the integration from

i :i
tper

The selection of feedback capacitof,, Ghtegration period ¢, and programmable gain
amplifier setting, G, determines the maximum curigg that can be measured, limited by the

ten volt range of the ADC.

10C,,
I max =
Gt

The table gives the full scale measurement rargehé standard feedback capacitors and three
example integration periods. The actual full scateges will differ slightly from channel to
channel due to the small conversion gain variathat is compensated by the calibration factors.
Which ranges are useful will of course be limitgtlie offsets and noise levels in your system.

Capacitor Gain FS range (C) FS range FS range (A) FS range (A)
toe = 100 psec toe = 10 msec the = 1 SEC
10 pF 1 le-10 1pA 10 nA 100 pA
2 5e-11 0.5 pA 5nA 50 pA
4 2.5e-11 0.25 pA 25nA 25 pA
8 1.25e-11 0.125 pA 1.25nA 12.5 pA
16 6.25e-12 62.5 nA 625 pA 6.25 pA
32 3.13e-12 31.3nA 313 pA 3.13 pA
64 1.56e-12 15.6 nA 156 pA 1.56 pA
128 7.81e-13 780 pA 78 pA 0.78 pA
1000 pF 1 le-8 100 pA 1pA 10 nA
2 5e-9 50 pA 0.50 pA 5nA
4 2.5e-9 25 pA 0.25 pA 2.5nA
8 1.25e-9 12.5 pA 0.125 pA 0.125 pA
16 6.25e-10 6.25 pA 62.5 nA 62.5 nA
32 3.13e-10 3.13 pA 31.3nA 31.3nA
64 1.56e-10 1.56 pA 15.6 nA 15.6 nA
128 7.81le-11 780 nA 7.8 nA 7.8 nA

In addition to the charges readings in coulombsiatedjration period in seconds, the returned
data also includes a bitwise overrange byte thgsfany channels where the reading has gone
overrange (ADC value greater than 95% of full scalehe lower four bits indicate overrange

positive, and the upper four bits indicate overeanggative.
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LSB Ch1 overrange +ve

Ch2 overrange +ve

Ch3 overrange +ve

Ch4 overrange +ve

Ch1l overrange -ve

Ch2 overrange -ve

Ch3 overrange -ve

MSB Ch4 overrange -ve

15.2 Integrator Control

15.2.1 Integrator time parameters

The 13200 allows the user a high degree of comtvel the integration cycle, so you can optimize
the operation of the device for your applicatidrne various times that can be programmed are
shown schematically in figure 44. The pairs of AB@ad pulses correspond to the capture of the
odd and even channels. They are 4 usec apart.

Integrator output

—

/

ADC conversions

SW2

Vv

y
A4
Vv

t

reset settle sub

SW1

t > Luictn
offset &

Figure 44. Programmable times for the integrateset process.

tper

The total integration period, measured betweeresponding first and last ADC
readings. Minimum 100 psec (20 us in FastMode aitiA500), maximum 65 sec.
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tsub The subsample periods d= t,e/n, Where n is the number of subsamples. Minimum
100 psec (20 psec in FastMode with an A500), ddflmethe subsample number.

tsewp | The time between the last ADC reading in an iregn cycle and the closing of SW2
to reset the integrator. This has to be set lomogigh to ensure that the last ADC
readings are not affected by the closing of SW2.

treset The time the integrator is held in reset. This twabe set long enough to clear all the
charge from the feedback capacitor.

D

tsettle The time allowed after the integrator reset far ititegrator output to settle, before th
first (zero) ADC reading is taken. This has toskbelong enough to clear the initial
noisier part of the integrator ramp, assuming & neasurement precision is required.

3174

twidth The time that SW1 is opened to disconnect thgraters from the signal inputs at thd
time of reset. This can be beneficial to redueepbrturbation from the reset switching
transient charging the cable capacitance.

toiset | The offset (positive, or negative as shown inrggdd) of the SW1 opening from the
start of the integrator reset.

The frequency at which new complete integratiowliregs are generated is

- 1
update —
(t per + treset + tsettle + tsetup)

The live time proportion is given by
t

per

(t per + treset + tsettle + tsetup)

The default reset, settle and setup times for tredgard and optional feedback capacitor choices
are:

Cfb tsetu[ tresew tse'tle twidth toffse1
10 pF 20 sec 20 sec 25 sec 5 sec -1 sec
1000 pF 20 sec 20 sec 25 sec 5 sec -1 sec
100 pF 20 sec 20 sec 25 sec 5 sec -1 sec
10000 pF 20 sec 20 sec 25 sec 5 sec -1 sec

If the livetime proportion is more important thassalute accuracy and precision in your
application, then it may be beneficial to reduce dbttle, reset and settle times below their
nominal values, until you notice an unacceptabbgat#ation in accuracy and precision.
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15.2.2 Dynamic feedback capacitor selection

The integrators have the choice of two feedbaclkciéqr values, under software control. All
thirty-two channels are switched together. Geiheyalu will select the capacitor to use ahead of
your measurement, based upon the expected maximusntand the choice of integration
period. However the 13200 also supports a dynaapacitor switching mode, in which you can
change the feedback capacitor for each individutalgration.

The switching is controlled by the logic level seenone of the gate input connectors. If you are
using one of the inputs for triggering, then youndouse the other for capacitor selection. The
level on the selected gate input is checked wheintiegrator is reset. If it is low, then the simal
feedback capacitors are selected for the nextratieg. If it is high, then the large capacitors
are selected. This capability is of particulardférwhen the approximate magnitude of the
currents to be measured correlate with some extpanameter, for example the beam current in
a particle beam system, or the advanced signal@eanother sensor.

15.3 Continuous Current Measurement

The 13200 can make a continuous reading of theention its inputs. In this mode it behaves
like a sensitive current to voltage converter. Tt current can be positive or negative. A
positive reading represents conventional currentifig into the 13200. A negative reading
represents conventional current flowing out of IB#00.

i(t)

w2
—
\—
—
\
—
\—

t
S-S per

V(1)

ADC end/\

Figure 45. Timing diagram for continuous currendmtoring. The deadtime for setup, reset
and settle (ts-r-s) is shown relatively large.
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Repeated integrations of the specified period aden Each integration yields start and end
ADC values, plus interim values from any sub-ing&tigm sampling that has been requested. The
final measured current value for one integratiogiven by

- k(ADCend - ADCstart)

meas —
tper

where k (coulomb bit) includes the stored calibration factor for thaawenel with the feedback
capacitor in use.

The interim current value for the Nth sub-integratinterval (N=1,2...) with ADC value ADE
is

— k('A‘DCN B ADCstart)

measlintemn
Nt

sub

The deadtime (composed of setup, reset and setibecomponents) while the integrators are
being reset does not generally affect the integifihe current measurement. The only
exception would be a case where a significant #aqy component of the signal happened to
coincide closely with the integration cycle. Than be checked and avoided if necessary by
altering the integration period.

15.4 Charge Accumulation Modes

Applications such as radiation dosimetry often megjthe total charge to be accumulated, so that
a process can be halted when a particular valkeached. When charge accumulation is turned
on, a running total is kept of the total accumudatkarge across all the integrations since the last
initialize. All reported and buffered charge vashow this accumulating value. If sub-samples
have been specified, these are used as interirevadube added temporarily to the accumulating
total. They are superseded by subsequent sub-sainpihe same integration period up until the
final sample which is logged permanently to thaltot

Charge added Charge added Interim charge from
to accumulator to accumulator sub-sample
e * g
> ° Charge missed °
° during reset  °
4 o °
o ° °
Y2 -l
* e L S——

Figure 46. lllustration of integrator voltage aD&X sampling points during charge
accumulation. The reset periods are shown relitilage.
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There are three alternative means of dealing wighcharge that is missed during the integrator
resets. These are no correction, interpolatiod,remlost charge.

15.4.1 No correction

Simply ignoring the loss during the deadtime camjmeropriate when the deadtime is a very
small fraction of the total time. For example,iwitne second integrations and a 10pF feedback
capacitor, the percentage deadtime is about 0.0f3fe total time, which is negligible.

15.4.2 Reset time interpolation

The 13200 assumes that the measured charge iaghmtegration period may be pro-rata
extended over the total cyclgt+ tewp* tesert tseid. The charge added to the accumulator for
each integration cycle is thus

+1 — k(ADCend - ADCstart)

reset settle) - t
per

+1 +1

(t per + tsetup +1 settle)

q = Imeas(tper + tsetup reset

This approach will only be invalid if there aredar fast changes in the signal which happen to
lie within the reset and settle cycle.

15.4.3 Lossless accumulation technique

In critical dosimetry applications it may be imgaort to know the total accumulated charge over
a period of time, without making any assumptionuhwhat happened during the integrator
resets. The 13200 can achieve this for signalcgsuthat can be modeled as a capacitance in
parallel with a very high resistance. This is adyonodel for ionization chambers, isolated
electrodes that collect charged particles, andquhotles. However the accuracy of this method
is highly dependent on the particular sensor agarent, so we recommend that you test it very
carefully with known signals before using it rowdiyn If in doubt, then the interpolation method
described above is generally less prone to uneggdithavior.

The method is to use the inherent capacitanceecdéhsor, ¢ to capture the charge during the
integrator reset cycle, then to transfer this changto the feedback capacitor at the start of the
next integration. The switching sequence is itated in figure 47.

Sw2 Sw2
w c/o o/o
2) Collecting on C,

1) Integrating on Cy,

ol | el |

swi I swi [

oO———O0—© = O—O/ =

L L

(@]
O
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Sw2 Sw2
o—o0 o
3) Reset integrator o | 4) Collecting on C, o |
Swil I Swi I
oo o = o o o -
—1 0o —1 0o
+ +
C, Jj C, Jj
Sw2 Sw2
4WO/07 o/c
5) Transfer charge c 6) Integrating on on Cy, C
bl | m |
from C, to Cy, || I
Swi Swil
O—O0— O - o—0—o0 -
———o0 ———o0

|
oll

ol

| H

Figure 47. Switching sequence for the no-lost geanethod.

Consider the integrator working normally, with afp@aaccumulating on¢; and thus voltage
increasing at the output (1). The mode 2 no ahbogs reset cycle starts by opening the input
switch Swl (2). If the load parallel resistanchigh, the only place that the source current can
now go is to build up charge on.CThe integrator is now reset (3) by closing SaHarge
continues to accumulate o @). When Sw1 closes again, the accumulated ehteagsfers
quickly to Gy,. This is because the effective input capacitarid¢be integrator is much greater
that G due to the amplifier action (5). The integratatput voltage jumps upward as a result of
the transferred charge. Assuming lossless trarsiemnet result is to extend the integration time
over the complete reset cycle, so that all of tleeiming charge is measured. The integration
now proceeds normally again (6).
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i(t)

Swl

Sw2

N T —
A

t per effective

t per

V(1)

Charge injection
from Cg k

Figure 48. No lost charge timing diagram. Theegration period Je is effectively extended
over the complete integration cycle.

15.5 Time Resolved Measurements

15.5.1 Standard Mode and FastMode

The 13200 can operate in two data transfer modesrding to the type of host system it is
communicating with.

Standard mode

The 13200 generates readings at the rate dictatéaebintegration time, subsample count and
reset parameters. The host system collects teasiéngs at the rate allowed by the host software
and the communications link. Any readings whiah ot collected before the next reading
overwrites them are lost.

Standard mode communications can be by ASCII argimessages, with binary more efficient
and thus faster. The readings are translateduioeds by the 13200 using the stored
calibration.

FastMode
FastMode is only available in combination with #yamid Technical Consultants, Inc. A500
real-time controller. It is automatically selecteih the first initiate command for all running
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modesexceptall accumulation modes, gated trigger mode, anssage trigger mode. If you are
using the PSI Diagnostic host software, thereliE@ display on the Data tab which shows that
FastMode is in use. FastMode permits use of iategr periods and subsample periods down to
20 psec.

FastMode communications are in the form of raw t@Hata. The application of the calibration
and translation to physical units is performedhs A500.

Two layers of buffering are available in fast mod#e 13200 on-board memory can store up to
250 readings. These are guaranteed to be consgewen at the shortest integration and
subsample periods. The A500 can store up to 64@dfings. These will be contiguous if the
communications between the 13200 and the A500 eap kip with the data generation rate.

Clearly FastMode is required for the best time-ne=ibreading capability. It is particularly

suited to capturing a sequence of readings acresgke-shot event such as a short beam pulse.
If the 13200 is reading out a position encoder salan electrode array, then the resulting dataset
will be a spatial and time-resolved picture of gvent.

Note that the ability to take time-resolved dathnsted ultimately by signal to noise ratio, and
the frequency components of the noise. At shdegiration or sub-sample periods, lower
frequency noise components are not averaged, smgylend up with nothing more than good
time-resolved noise if there is insufficient sigaad / or your noise levels are high.

15.5.2 Example of time-resolved data

An example will illustrate how spatial and timeake®d data can be obtained. For the example,
a resistive divider circuit was used to produceamgular pattern of currengross the 32
channels of an 13200 connected to an A500. A Z¥|long pulse waveform (figure 49) was
used to drive the divider circuit.

b Pos: 1500005

CH1 100mY  CH2 5004 I 50.0,us

Figure 49. Channel current distribution (left) apdise waveform input (right,yellow trace)
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The 13200 was set up to integrate for 400 psec ftubsamples, so that each subsample was
20 psec long, the minimum. The data recovered fingle shot is shown as a function of time
in figure 50.

4.00E-07

3.50E-07 4

3.00E-07 A

2.50E-07 4

2.00E-07 4

1.50E-07

1.00E-07 4

5.00E-08 -

0.00E+00 + L T
0.00E+00 5.00E-05 1.00E-04

-5.00E-08

1.50E-04 2.00E-04 3.50E-04 4.00E-04

—&—Channell —#— Channel2 Channel3 Channel4 —%—Channel5 —@—Channelé —+— Channel7 Channel8 Channel9 Channel10 Channelll
Channel12 Channel13 Channel14 Channel15 Channel16 Channel17 Channel18 Channel19 Channel20 Channel21 —*— Channel22
—¥— Channel23 Channel24 —+— Channel25 Channel26 —=— Channel27 —— Channel28 —l— Channel29 —&— Channel30 —%— Channel31 —¥%— Channel32

Figure 50. Time resolved signals from all 32 chelsn

Figure 51 shows some spatial snapshots at difféiraes. Note that the effect of the small time
offset between the odd and even channel ADC coires€an be seen when the signal is
changing rapidly with time. This effect is onlyally significant for the shortest available
subsample periods.

3.90E-07 3.90E-07 3.90E-07
3.40E-07 3.40E-07 3.40E-07
2.90E-07 2.90E-07 2.90E-07

2.40E-07 2.40E-07 2.40E-07

1.90E-07 1.90E-07 1.90E-07
1.40E-07 1.40E-07 1.40E-07
9.00E-08 9.00E-08 9.00E-08
4.00E-08 4.00E-08 4.00E-08

-1.00E-08 -1.00E-08 -1.00E-08
13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 13 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Figure 51. Snapshot spatial profiles at 1.05e-4.45e-4 s, and 1.85e-4 s after the incoming
trigger start

15.5.3 Recovering time resolution from the raw data

The data delivered by the 13200 for each channelnngub-sampling is in use, is the charge
integrated up to each particular sub-sample ADGrersion, plus the total integration time up to
that conversion. For example, if we take N subfdameadings per integration period at times
t1, t2, t3 ... tN, with the initial conversion havibgen done at t0, the data for one channel with
input signal i(t) will be
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Time Charge Integration Period
t t t1 - t0) = t,
1= i(t)dt (tL-10) =t
to
t2 t2, t2 - 10) = 2t,
2= it (t2-10) = 2L
to
t3 t3, t3 - t0) = 3¢,
g3= Ci(t)dt (13 -10) = 3k
to
tN N tN - t0) = 5typ= toer
aN= i)t (IN-10) = St =1

To see the 20 psec time resolution across the whiagration period, the host software needs to
process the data to remove the progressive integrats follows.

Time Charge in sub-sample Integration Period
(t1 - tud2) ql Eub
(12 - twf2) (92 -0ql) dub
(13- tuwf2) (93 -102) dub
(tN- tsu/2) (GN —aN-1) dub

Figure 52 illustrates recovery of an AC componeoirf the sub-sample data by this means.
Notice that the reconstructed data is somewhabrdest in this example because the integrator
voltages corresponding to g1, g2... are made deliélgramall in the example. This can occur
in practice when you are constrained in your choifdategration period. The constraint may
arise because the signals you want to measurenbrem@sent for a limited time, for example the
“on” time of a pulsed beam system. There is nebem having the integration much longer
than the signal pulse, for example, as you willydrd integrating noise and degrading the signal
to noise ratio.
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i(t)

* % ADC end

V(t)

i(t) reconstr.

Figure 52. Input current, integrator output volegvith ADC conversion points, and
reconstructed current waveform.

15.5.4 Use of the Programmable Gain Amplifiers

The programmable gain amplifiers give the extraifigity to allow you to make best use of the
ADC resolution. Consider the following example.pAlse of current lastg $ec, and the
maximum average current expected on any chanhglig. Because all the channels share the
same integration period and feedback capacitoctete they will be limited by the maximum
digitizer resolution that can be achieved on thenciel with maximum current. The charge in
coulomb on the feedback capacitor aftast

Omax = |maxtp

The maximum integrator output voltage on any chhisngen
Vimax = Omax/ G = |maxttp/ Cho
where G, is the size of the feedback capacitor in farads.

Say the length of the pulse is tp = 240 usec, hadighest current on any channel is 1 pA. If
we try to use the 10 pF feedback capacitor, thdigied integrator voltage would be about 24 V,
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which is well into saturation (the maximum integrabutput is 10 V). Therefore we must select
the 1000 pF capacitor, and accept a maximum ouwtgtage of 0.25 V. This would result in a
useable ADC resolution of 1/4®f the maximum resolution, namely

(0.24 /10) x ® = 786 bits.

If we had selected twelve 20 psec subsampleset@ution is further divided, to around 66 bits.
Other channels seeing smaller signals would haga ewore limited resolution.

The solution is to use the PGA to raise the voltage level that makes better use of the ADC
range. If we set the PGA to x32 gain in this exen®0% of the ADC range now available, and
the reconstructed waveform is a better representati the input signal.

i(t) reconstr.

Figure 53. Reconstructed waveform after increashegPGA gain

15.5.5 Low pass filtering due to input impedance
The input to the 13200 can be represented as aitapee to ground, due to the detector

electrode and input cabling, and a series resistamich is the input impedance of the unit.
R.

In

"} » 13200

Figure 54. Low pass filter formed from load capacce and input impedance

The time constant of this low pass filter ig&ag S€CONds. The load capacitance may be up to
1000 pF. Coaxial cable is a major contributorhvijtpical capacitance of about 100 pF per
metre. If no additional input resistance is fittedhe 13200, the input resistance is
approximately 2 kohm. The low pass roll-off paivtien this is combined with 1000 pF of load
capacitance is 2 psec, which is short compareldetontinimum time slice of 20 yusec, and can be
ignored. If the input resistance is increased® Kohm to improve the immunity to voltage
noise sources, the time constant becomes 100 arseé¢he higher frequency components of the
signal will be attenuated. In general you shonydd keep the load capacitance low to avoid
unintended filtering.
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15.6 Effect of Cable Capacitance on Measurement Acc  uracy

You can consider the input behavior of the 132@@gnator circuit as equivalent to a large
capacitor with value equal to the feedback capaamtaltiplied by the open-loop gain of the
amplifier. Although signal cable capacitance isgyally considerably lower than this dynamic
input capacitance, it can nevertheless have a mestsle effect in some circumstances.

The signal current divides between the 13200 dyeanput capacitance and the cable
capacitance according to their relative size.othbvalues were constant, then this would be of
no concern, because the calibration would comperisatainy given cable load. However, the
dynamic input capacitance takes about 50 psecild bl to its maximum value after the start of
any integration, due to the finite bandwidth of #meplifier. This leads to an inaccurate first
ADC reading.

This cable loading effect is only significant fietcombination of short integration time, small
feedback capacitor and high cable capacitands.oftno practical concern for integration time
of 1 msec or greater, or feedback capacitance @{pElor greater.

Figure 55 shows how the 13200 under-reads as difumef cable load for a 10 pF feedback
capacitor, and 20 psec and 100 psec integratios tim
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Figure 55. Worst case measurement error due tdecadgpacitance, 10 pF feedback capacitor
and minimum integration times. The lower plotrisexpansion of the 0 to 1000 pF part of the
upper plot.

We recommend that cable capacitance is limitedn@amum of 750 pF, to limit the error at
100 psec integration to 1 %.

If your application is to measure a beam shape, tiwe systematic error, which is common
across all channels, may be of no concern. Ifdmueed to eliminate the error, and you cannot
reduce the cable capacitance, then you should lzsgex feedback capacitor and/or longer
integration time.
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15.7 Data Readout and Buffering

15.7.1 Data readout and buffering in ASCII mode

In ASCII mode, the ADC readings are converted déatihg point numbers in coulombs by
application of the calibration in the 13200. Thaue for each channel requires 12 bytes, and the
integration time and the overrange byte add totthigive a message size for reading out all 32
channels of about 400 bytes. The maximum dataodtee host is 3 Mbps via USB, and 115
kbps via RS-232, so the transmission time for @@ ¢s in the range 1 to 10’s of milliseconds.
The data rate will generally be less than this iegplbecause the host must send messages, and
there may be other devices if you are using a topplogy.

13200 Host system
Calibration

t, iy .. igp
(float)
or

(COM |—
handler)

\ 4

ADCs >  FPGA

£, 0y - O3z
(float)

Figure 56. Dataflow in ASCIlI mode

If data is generated by the 13200 at a higherttea the maximum available transmission rate,
then samples that cannot be transmitted are disdarBecause each 32-channel sample is given
a sequential index number corresponding to eagberj you can see if any samples have been
lost by examining the data. In the basic applwatf monitoring a slowly varying current with
random noise components, such missing data ittleftonsequence. However if you are
attempting to capture a transient event, thenishikely to be unacceptable, and you should use
a higher bandwidth communication protocol and faiss.

15.7.2 Data readout and buffering in binary mode

Binary mode provides higher performance, especvaign the 13200 is connected to a real-time
controller such as the A500. Each channel req@iin@sbytes which represent the charge value,
and the maximum communication speed using the-bpéc loop is 10 Mbps, so data rates can
be 5 to 10 times faster than the best that carchiewed in ASCIl mode. Values are sent up to
the host as they are generated.

Host stem
13200 Calibration o
ADCs *  FPGA * DLL >
t, 0y - O3 [ PR ¢ %)
(BIN) (float)

Figure 57. Dataflow in binary mode without A500.

13200 User Manual

13200_UM_120720

Page 82 of 131




PSI System Controls and Diagnostics

The A500 has the capability to buffer a sequenddd00 values. Depending upon the loading
of the communication channel, the integration gkritay be as short as 200 psec with no lost
data.

15.7.3 Data readout and buffering in FastMode

In FastMode the translation to coulombs is perfatiog the A500, using the calibration data
uploaded from the 13200. This process is transpdoethe host computer. In this mode it is

also possible to buffer up to 250 samples in tl2®03tself, which allows contiguous sub-
sampled data with periods down to 20 pusec. Thisdasighest available time resolution, and

can be used with a position-sensitive detectoekample, and given adequate signal to noise
ratio, to produce a time and spatially-resolvedyams of a transient event such as a beam pulse.
The A500 can also buffer up to 64,000 samplessioutn memory, which may be contiguous

data if the data transfer rate from 13200 to AX@reater than the rate at which data is generated
by the 13200.

13200 Calibration A®00 Host system
FPGA
Buffer l
| > J DLL >
ABCs T ADC, .. ADC T ' t,d; . s
t, 1 32 t, ;.. O3 ' H1 -
(BIN) l T (float) (float)
Memory
Buffer

Figure 58. Dataflow in fast binary mode with A500.
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15.8 Triggering

15.8.1 Trigger sources

Every measurement made by the 13200, whether asyiie or full integration period reading, is
a response to a trigger. You preset all the releparameters such as feedback capacitor,
integration period, number of sub-samples, PGArggtnd type and number of triggers. Then
initiate the measurement. The measurement ontig$tawever when an initiating event is
detected. There are several initiation sourcesaodes:

Internal

Auto-run. Triggers are generated intdyriay the 13200 once the
“initiate” message is received. Triggers contitmibe generated
until the defined number of triggers is reachedher“abort”
message is received.

ExternalStart

A high (low) level on the gate ingtdrts a predefined acquisition
sequence. The 13200 continues to respond toitigets until the
defined number of triggers is reached, or the “Blbuessage is
received.

ExternalStartStop

A high (low) level on the gatputstarts a predefined acquisition
sequence. The sequence continues until eithgrtdggammed
number of integrations is complete, or the gatelfriglls (rises)
again, in which case the sequence terminatesthft@ntegration in
progress. The 13200 continues to respond to thgers until the
defined number of triggers is reached, or the “Blbuessage is
received.

ExternalGated

External gated mode is no longeraueg on the 13200.

Message A special one-byte message on the comntionidiak triggers the
predefined acquisition sequence. The 13200 coasiria respond tq
the triggers until the defined number of triggexrsgached, or the
“abort” message is received.

ExternalStartHold A high (low) level on the gateuim causes the first integration of

the predefined sequence. The 13200 then waitssetifor the next
high (low) to cause the second integration. Thégess continues
until the defined number of triggers is reachedher“abort”
message is received.

In all cases you can select infinite triggers dmedcquisitions will continue indefinitely until
you send the abort command or reset the 13200.

The external and gated modes require a physidétion signal via the gate input BNC or the
gate input fiber-optic receiver. The BNC inputuggs a TTL level, and presents a TTL gate
impedance. The fiber-optic input requires an dright. Which input to use, and the sense of
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the logic are a software configurable parametélse of these inputs is most appropriate when
you require the minimum (sub-microsecond) and mossistent delay between the incoming
initiation signal and the start of integration.y¢fu do not intend to use the optical input, you
should fit a cover over it to avoid accidental gegs from ambient light.

Message triggering provides similar performancté&external modes, but with slightly greater
delay, and without the additional cabling to théegaputs. In looped systems, the loop
controller knows the position of each device inltwp, and arranges for each device on the loop
responding to the trigger to delay its responseraag to its position in the loop, so that all
devices start their acquisitions at the same time.

15.8.2 lllustration of ExternalStart mode

Figure 59 is a schematic example showing an Exi®tad initiation of a sequence of seven
integrations. Each integration includes three samples, for a total trigger count of 21. The
process starts when a high level is detected ogdteeinput. A similar sequence could be
started by a message trigger.

i(t)

Gate

|

2
S——
S—
S—
S
S——
S——

V(D)

L 2

Figure 59. Example of an “external start’triggeredeasurement sequence started by a rising
edge

15.8.3 lllustration of ExternalStartStop mode

Figure 60 shows an ExternalStartStop trigger exampphe sequence starts when the gate is
detected high as in the previous example. Howewvthis case the 13200 is also sensitive to the
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going low while the acquisition is in progress. &dtthe gate line falls again, the sequence
terminates after the integration in progress.

i(t)

° Falling edge signals the end of the
= acquisition sequence
N Open
&
Close

o Integration in progress is completed

V(1)

Figure 60. Example of an “ExternalStartStop” triggged measurement sequence started by a
high state on the gate, and ended by a low state.

15.8.4 lllustration of ExternalStartHold mode
Figure 61 shows an ExternalStartHold trigger exangdlhe state of the gate input now directly
determines when the next integration will occur.
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i(t)

i A
I U

V(1)

]
AR
VAV,

‘P
>

Figure 61. Example of an “ExternalStartHold” trigged measurement sequence with each
individual integration started by a high state ¢ tgate.

15.9 Background offsets

Consider an integration cycle as shown in figure ©Be voltage presented to the (ideal) ADC
comprises the integrated signakigha_voitage the integral of any net background offset current
Vbdg_currens @Nd & voltage pedestalgive, due to amplifier offsets and the offset of thB@\

itself. In practice these unwanted offsets willnbech smaller than the signal, and may be
negative or positive relative to the signal, b@ytimust nevertheless be managed correctly to get
maximum accuracy at the lowest currents and charges
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\ ADC,,
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Figure 62. An integration showing signal and naisatributions to the final output.

Vottset IS €liminated automatically by the operation @& tB200, because the charge is measured
as k(ADG, — AD(C), so the offset cancels.

Background current is not eliminated automaticdiggause it is indistinguishable from signal
current at any moment in time. The 13200 intebradkground current is small (pA level) and
stable. The background from the external circulitgenerally be higher, but depends greatly on
the particular sensor or transducer.

Depending upon your measurement needs, it maye@pate to subtract the total background
current if it is significant relative to the signahd relatively stable. You should be careful of
changes to the background which would render aadly sarrection invalid, however. This could
be due to changes in temperature or electricaknois

Background nulling can be automated in the hogtvswé. The background should be measured
with a long integration period, sufficient to get accurate value, and with no true signal present,
only the background current. The resulting backgtbcurrent valuesydq, for each channel can
be subtracted from subsequent current readindigretianually or in host software. In charge
measurement modes, subtragiy(X tper).

13200 User Manual 13200_UM_120720 Page 88 of 131




PSI System Controls and Diagnostics

16 High Voltage Supply

16.1 Setting the High Voltage Supply

The 13200 is available with a one-watt high voltageply suitable for biasing ionization
chambers, diodes, and proportional chambers. ®hage range can be specified at time of
purchase from 200, 500, 1000 and 2000V with eipiodatrity.

Any valid setpoint above zero volts enables thevaht supply. The HV on LED illuminates
when either or both supplies are enabled. Theadaewcan be adjusted at any time, independent
of what measurements are in progress. Howevemausee some

The supply is limited by a software high voltagaiti which is password protected and stored in
EEPROM in the 13200. The 13200 will reject anyeatpts to set the voltage higher than the
limit. This allows sensitive detector systemserperiments which may be damaged by
excessive voltage, to be protected.

The maximum current compliance of the high voltage/er supply depends upon its voltage
range and the output voltage it is delivering. imgkhe 1000 V supply as an example, at low
outputs, the compliance can be represented asthent that the voltage would cause to flow in
a resistor of about 300 kohm. Thus up to 18ds available at 30 V output, 20A at 60 V
output and so on. At higher outputs it is limited. mA maximum. The low voltage operating
region for the 1000V supply is illustrated in figud3. The other supply options have greater or
lesser current compliance according to their v@tading, but a similar relative behavior

1200

1000 +
800 - .
Unavailable

600 -

400 - Operating region

Current compliance (uA)

200 A

0

0 50 100 150 200 250 300 350 400
Voltage setting (V)

Figure 63. Current compliance of the 1000V highage supply.

A voltage divider on the HV output senses the dataliage being delivered. If this value

differs significantly from the setpoint, you knohat the output is either being loaded down by a
low resistance to ground, or that it is being dnily another source of higher compliance. A
vacuum chamber with a large free electron populatem load down a positive power supply
connected to an electrode in that chamber. A euthparticle beam striking the electrode
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connected to the HV supply can have this effeatalll cases you should investigate the cause,
because damage may result to the 13200.

Positive supplies source conventional current,raghtive supplies sink conventional current.
A bleed resistor fixed load is connected to eagh holtage supply output which drains 4R at
maximum voltage. Transorb protection devices pretlee absolute value voltage at the output
going more than 80 V above the maximum rating. El®v these devices are not designed to
pass large currents indefinitely, so you shoulddreful not to overdrive the outputs with other
power supplies or with charged particle beam strikeents.

CAUTION

Do not connect external power supplies to the 132@G@rnal high voltage output that will drive
the built-in supplies away from the voltages theg/taying to regulate, or you may cause damage
to the 13200.

16.2 Changing the High Voltage Supply Range and Pol  arity

The range and polarity of the high voltage suppBd&xed and must be specified at time of
purchase. Units may be returned to the factosfter the high voltage modules if necessary. It
not recommended that users change the high vadiggaly module, but the necessary
configuration details are given here for reference.

HV Module JPR 1 setting JPR 5 & 6 setting
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JPR6

HVE
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(o]
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®
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-2000 V o O [ [ JPR5
HVE [0 1 Jrre
POS NEG

Figure 64. Jumper settings for high voltage opsion
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17 Using the Actuator Control Connector

Many detector devices are mounted on motion aatgggiems so that they can be moved in and
out of the path of a beam of charged particle®woizing radiation. The 13200 provides an
auxiliary input / output connector on the front paimtended for control of a pneumatic actuator,
but also available for other purposes.

Switched +24 VDC power is available to drive a sold, relay or similar device. The output is
protected by a 1 A automatically resetting fuseuhould remember that the current drawn
from this output is in addition to the load of #3200 itself on the +24 VDC power input.

Two opto-isolated digital inputs are provided fionit switch sensing or general applications.
The switch +5 VDC continuity test signal is alsoted to this connector in parallel to the signal
input connectors. Figure 65 shows a typical arament for pneumatic actuator control.

Opto A input

O

S

+24 VDC
ov

Solenoid

5 1 +24 VDC

bdodd switched
0000

9 6 +24 VDC

A

Opto B input

Figure 65. Connecting a solenoid-operated actuébathe actuator control connector.

Note that if actuator movement causes flexing efdignal cables connected to the 13200, then
triboelectric noise can be generated and it magelveral minutes before background levels are
restored. Special low-noise cable is availablectvinieduces this problem greatly.
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18 Connectors

18.1 Front panel connectors

18.1.1 Actuator
Dsub 9 pin female.

Pin 5 Pin1
Pin9 Pin6 (External view on connector / solder side of mgplug)
1 |+24 VDC switched 6 | +24VDC out
2 |PSUGND 7 | OptoinB
3 | +5V switched 8 | Screen
4 | +24 VDC out 9 | Screen
5 |OptoinA

18.1.2 Signal inputs 1-16
Dsub 25 pin female.

(External view on connector / solder side of mgiplug)

Pin 13 Pin 1

Pin 25 Pin 14
1 |Input02 14 | Input 01
2 |Input 03 15 | +5V continuity test
3 |Input 04 16 | AGND
4 | Input 05 17 | AGND
5 | Input 06 18 | AGND
6 |Input 07 19 | AGND
7 |Input 08 20 | AGND
8 |Input 09 21 | AGND
9 |Input 10 22 | AGND
10 | Input 11 23 | AGND
11 | Input 12 24 | Input 16
12 | Input 13 25 | Input 15
13 | Input 14
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18.1.3 Signal inputs 17-32
Dsub 25 pin female.

Pin 13 Pin 1
AR
Pin 25i I]Din 14 (External view on connector / solder side of mgplug)
1 |Inputl18 14 | Input 17
2 |lInput 19 15 | +5V continuity test
3 |Input 20 16 | AGND
4 |Input21 17 | AGND
5 |Input 22 18 | AGND
6 |Input23 19 | AGND
7 |lInput 24 20 | AGND
8 |Input 25 21 | AGND
9 |Input 26 22 | AGND
10 | Input 27 23 | AGND
11 | Input 28 24 | Input 32
12 | Input 29 25 | Input 31
13 | Input 30

18.1.4 Auxiliary HV out
SHV male. To mate with standard SHV connector ascRadiall R317 005.
Core: high voltage

(0-999V))
Outer screen: shield

(at GND)

18.2 Rear panel connectors

18.2.1 USB communications
USB type B female.

18.2.2 RS-232 communications
Six pin mini-DIN socket (PS/2 mouse/keyboard type).
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Pin 3: Gnd

4,5,6: nlc

Pin 2: Rx Pin 1: Tx (External view on connector / solder side of mgplug)

18.2.3 Fiber-optic communications:

HFBR ST bayonets suitable for 1 mm plastic or 2680silica fiber.
Light casing = transmitter, dark casing = receiver.

FIBER-OPTIC TX FIBER-OPTIC RX
(Light Gray) (Dark Gray)

©r | O

18.2.4 Optical trigger / gate input
HFBR ST bayonet receiver suitable for 1 mm plasti200 um silica fiber.

18.2.5 Electrical trigger / gate input
BNC socket (female). To mate with standard siggNC.

Core: signal

(0-5V)
Outer screen: shield

(at GND)

18.2.6 Power input
2.1 mm threaded jack. To mate with Switchcraft BZ6r equivalent

@: Center pin: +24VDC
Outer: OV

18.2.7 Ground lug
M4 threaded stud. To mate with M4 ring lug.
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19Controls and Indicators

19.1 Front panel controls
None.

19.2 Rear panel controls

19.2.1 Mode switch

10 position rotary switch setting communicationsdewo Binary protocols are used for highest
data rates by Pyramid Technical Consultants hatéesys. The fiber optic link can run up to
10Mbps, the USB up to 3 Mbps and the RS-232 ud&®2bps. The ASCII protocol is provided
for ease of connection to existing systems and Igitgminal programs.

Setting | Function

9 bit binary, 10 Mbps

8 bit binary, 3 Mbps

8 bit binary, 115.2 kbps
8 bit binary, 57.6 kbps
8 bit binary, 19.2 kbps
ASCII, 3 Mbps

ASCII, 115.2 kbps
ASCII, 57.6 kbps
ASCII, 19.2 kbps

(Reserved)

©O| | N O g1 | W| N| | O

The switch setting works in conjunction with thennector sensor (see section 20).

19.2.2 Address switch

16 position rotary switch setting device addreShoice of address is arbitrary, but each device
in a fiber-optic loop system must have a uniquaeskl

Setting | Function

0 (Reserved to loop controller)

1-15 Available address settings.
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19.3 Front panel indicators

19.3.1 Xmit

Green LED. Data being transmitted from the uilihere is a one second delay before the LED
extinguishes if communication is interrupted.

19.3.2 Rcv

Green LED. Data being received by the unit. Thegeone second delay before the LED
extinguishes if communication is interrupted.

19.3.3 Status
Red/Green LED. This LED indicates a variety obmial states, as follows:

m Alternating red/orange/green/off Unit powering up
—= Off Unit idle (not measuring)
= Orange Waiting for trigger; or resetting integrator
- Green Integrating
- Red Error
n Alternating green/orange Downloading program frapsth
19.3.4 Link

Red/Green LED. This LED indicates a variety of conmication states, as follows:

m Alternating red/orange/green/off Unit powering up
—= Off No connection since last power-up.
m Alternating orange/off Unconnected; unit has ganthe safe state
- Green Connected
- Red Fatal communications error
n Fast alternating green/orange Boot state (waitiag sommand or code
download)
19.3.5 Power

Green LED. +24VDC power is present.
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19.3.6 HVon
Orange LED. llluminated if the HV supply is enahle

19.4 Rear panel indicators

19.4.1 USB
Green LED. USB communication is active.

19.4.2 RS-232
Green LED. RS-232 communication is active.

19.4.3 Optical
Green LED. Fiber-optic communication is active.
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20 Communications Interfaces

The 13200 is provided with three hardware inter&adeS-232, USB and fiber-optic. The RS-232
and USB interfaces are intended for simple direanection to PCs, with no other equipment
necessary. The fiber-optic interface providestgrespeed, excellent noise immunity, and allows
multiple devices to be connected in a looped togpldt requires a fiber-optic adaptor or loop
controller device to connect to the host computére fiber-optic interface is well-suited to large
systems and experiments.

Only one interface is in use at any time. Sel@ctibthe active interface is according to the USB
and RS-232 cables that are connected.

Cable connected Interface selected
USB RS-232 | None
X USB
X X USB
X RS-232
X Fiber-optic

Interface speed and protocol is selected by theersagtch according to the following simplified
table, which is also shown on the rear panel 013260.

PSI (10M) 3M 115k 57.6k 19.2k
Binary 0 1 2 3 4
ASCII 5 6 7 8

The fiber optic interface can run up to 10 Mbpg] #re RS-232 up to 115.2 kbps. The USB port

always runs at 3 Mbps, irrespective of the modacthwposition. The following table

summarizes the interface selection and protocolishective for all possible connector and mode

switch configurations. .
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Cable connected Interface | Protocol selected by mode switch setting
selected
USB | RS- | None 0 1 2 3 4 5 6 7 8 9
232
X uUsB BIN8 |[BIN8 |BIN8 |BIN8 |BIN8 |[ASC8 | ASC8 |ASC8 |ASC8 | ??
3M 3M 3M 3M 3M 3M 3M 3M 3M
X X uUSB BIN8 |[BIN8 |BIN8 |BIN8 |BIN8 |[ASC8 | ASC8 |ASC8 |ASC8 | ??
3M 3M 3M 3M 3M 3M 3M 3M 3M
X RS-232 ?? ?? BINS BIN8 |BIN8 |ASC8 | ASC8 | ASC8 |ASC8 | ??
115k | 57.6k |19.2k | 115k | 115k |57.6k |19.2k
X Fiber- BIN9O |BIN8 [BIN8 |BIN8 |BIN8 |ASC8 | ASC8 | ASC8 |ASC8 |??
optic 10M 3M 115k | 57.6k |19.2k | 115k | 115k |57.6k |19.2k
BIN 8: 8-bit nibble-oriented binary
BIN 9: 9-bit full binary
ASC 8: 8-bit ASCII, SCPI message format

??

Undefined
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21 Communications protocols

21.1 Overview

The 13200 supports three types of communicationopal, selected according to the setting of
the mode switch:

a) An eight bit ASCII protocol, messages compliaith SCPI. The low seven bits are used to
encode the ASCII character. The eighth bit is @elyfor synchronization when the <ACK>,
<BELL>, <CR>, <LF>, and <ESC> characters are trdtiech

b) An eight bit binary protocol. The first andtdoytes of the entire command or reply have the
eighth bit set and contain the address. All otlygedin the messages are broken into two bytes,
encoded into the low nibble (4 bits), thus neveriingithe top bit set.

c) A nine bit binary protocol. Synchronizationdigne with the ninth bit. The first and last byte
of each message have the ninth bit set and catftaiaddress, and all other bytes are unmodified
binary (with the ninth bit clear).

ASCII messaging is provided for users who wishge existing host software systems that
provide convenient support for ASCIl communicatiodsl the capabilities of the 13200 are
available through a familiar virtual instrument nebdnd message structure. A simple terminal
program such as Windows Hyperterminal, RealTermudiTY is sufficient to establish
communication with the device. It is possible tmntnunicate with multiple devices at different
addresses on the same channel by selecting aypartiacidress to be the listener device at any
time.

The binary messaging is more efficient in its useamnmunications bandwidth. It is fully
deterministic with embedded addressing in the ngessand immediate responses, including
error reports, from the devices. Pyramid provisiafsware drivers and diagnostic host programs
for users who wish to use binary communicationguols. Eight bit binary is primarily intended
for direct host to device communication, for exaewib RS-2332 or USB links. Nine bit binary
is reserved for the 10 Mbit/s fiber-optic chanmeld is highly recommended for larger systems
with multiple addressable devices in a loop.
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21.2 ASCII Protocol - SCPI

Standard Commands for Programmable InstrumentsIj$€éh extension of the IEEE 488.2
standard. This was originally developed by HewlRstkard for the HP-IB (later GP-IB)

interface before being adopted by the IEEE, anddgly used by manufacturers of measurement
equipment. The 13200 implements the 1999.0 renisiocSCPI (© 1999 SCPI Consortium).

21.2.1 Messages

The first bit of every eight bit group in a mess&gthe start bit, followed by seven bits encoding
a character from the ASCII character set.

A full command from the host to the 13200 compriassnany ASCII characters as needed to
form the message, terminated by the LF (OxO0A, Qticharacter. The 13200 will not start to
process a command until the 0xOA character is vedei The list of valid commands is listed in
the next sub-section. If the communications is@diandled in a terminal session, the terminal
program should send CR (0x0d) before the LF tadegible display. The CR is ignored by the
command interpreter in the 13200.

The 13200 generates a reply to every message fierhdst when it is the listener. The first byte
of its reply will always be a single non-printingaracter. The first character is ACK (0x06)
when the command has been successfully executbchwierrors. Responses to host commands
with a ‘?” will then have the required data, terated with the CR,LF sequence. If the host is
not requesting data (no “?”), no other bytes wdlttansmitted after the ACK. If the 13200
generates an error when executing the host comnitamidl, transmit a single BELL (0x07) as its
response. A computer running a terminal prograttigrefore “beep” when the 13200 cannot
execute a command, for example due to incorre¢dagynA more interactive “terminal mode”

can be selected which modifies this behavior toertak 13200 more user-friendly when it is
being driven from a terminal program.

Device addressing is performed using the speciahecand ‘#. Addressing is only necessary for
devices linked by a fiber-optic loop, but A devisanade the “listener” when the host sends
#ADDRESS. For example, #4 will make the devicthvaiddress 4 the listener. You must
ensure that all devices on the same communicatioasnel have unique addresses. All
subsequent commands sent (without address) wilttemed and responded to by device 4 only.
The host message #? asks who the listener is# Thenmand can be sent as a compound
message, such as #3;*IDN?.

21.2.2 Status registers

The 13200 implements the IEEE 488.2 status regmtthod. Each of the registers is masked by
a corresponding enable register. It is recommetitkgtdyou set all the enable registers to all 1's.
The host software should use the *STB? commandateiwfor changes to the status of the
13200, and then *ESR?, :STATus:OPERation:CONDRian
:STATus:QUESTionable:CONDition? as appropriategoorer the details from the relevant
register.
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Figure 66. SCPI Status register structure
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21.2.3 Host Commands

The 13200 responds to the mandatory commands fveddory SCPI and IEEE 488.2, plus specific commasdequired by the
operation of the device. The commands are grouida hierarchical structure, with the levels saped by the colon character. For
example:

CONFigure:GATe:INTernal:PERIod 1e-2 5

This command configures the internal integratiote ga have a length of 10 milliseconds with fivésamples of the integrator
output, after 2, 4, 6, 8, and 10 milliseconds.

SCPI provides for a long and short form for eaamie@nd. The short forms are indicated by the clige part of the command. {}
denotes a required argument, [ ] denotes an optamgament.

Some commonly-used commands are available fronothteof the hierarchy, as a shortcut, as well abéir logical position in the
structure. For example:
CAPacitor 1
and
CONFigure:CAPacitor 1
are equivalent ways to switch in the large feedlmagacitors on the four channels.

A number of commands are password protected taceethe chance of changing them accidentally. cbimemands only effective
after the device has been rebooted if they have eeabled by first sending

SYSTem::PASSword 12345

Sending any other number as the argument of tlmsyand disables the protected commands again.

1.1.1.1 ADDRESSING DEVICES

SCPI does not provide specific commands for adargssultiple devices, because this was handleddoghiaare in the original IEEE
488.1 specification. The 13200 provides a simpézhanism for making any device on the loop therist. The device will remain
the listener until another device is selected.

# {address} /l Make device address (1 to h&)listener
#? /I Query which device is listener.
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1.1.1.2 IEEE 488.2 MANDATORY COMMANDS

*CLS /Il Clear Status Command. Clear all @vegisters and the error queue.

*ESE // Standard Event Status Enable Comm&hdgram the Standard Event Enable
/I register (8 bits).

*ESE? I/l Standard Event Status Enable Qu@uery the state of the Event Status Enable
Il register. 13200 returns decimal value.

*ESR? /l Standard Event Status Register Qu@uery the state of the Event Status

Il register. 13200 returns decimal value.

*IDN? /Il ldentification Query. Query the de® identification. 13200 returns
/I manufacturer, model number, serial numfenware version.

*OPC /I Operation Complete Command. SeQperation Complete bit in the Standard
/I Event Status Register after all pendiojmmands have been executed.
// Not currently supported.

*OPC? /I Operation Complete Query.
*RST /I Reset Command. Return the deviabéo*'RST default conditions.
*SRE /I Service Request Enable Commandgriaro the Service Request Enable

/I Register <8 bit value>
// Not currently supported.

*SRE? //Service Request Enable Query. Qteryservice Request Enable Register.
/113200 returns decimal value.
// Not currently supported.

*STB? /l Read Status Byte Query. Query ttadUS Byte Register.
/113200 returns decimal value.

*TST? /I Self-Test Query. Perform a checkgaat on ROM and return the result.
/113200 returns <1>.

*WAI /l Wait-to-Continue Command. Wait unéll previous commands are executed.

/I Not currently supported.
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1.1.1.3 IEEE 488.2 OPTIONAL COMMANDS
*RCL // Recall instrument state from EEPROM.
*SAV /I Save present instrument state to EBRR

The settings covered by *RCL and *SAV are:

SOURce

CONFig:ACCumulation

CAPacitor

PERiod
CONFig:GATe:EXTernal:POLarity
TRIGGER:SOURCce
TRIGger:POlnts

Note that the high voltage settings (CONFigure:HiN@e) are NOT included.

1.1.1.4 13200 COMMANDS

ABORt //Abort measurement.
CALIBration I
:GAIn [{CLEar}] // Calibrate gain for each chael or reset stored gains to nominal
:GAIn? {0|1} /I Query gains for each chanmal €apacitor 0 = small value, 1 = large value
:SOURce {0|1)2 ..... |32} /[ Turn on internal caéibon source, 0 = off, 1 = on chl, 2 = on ch2 etc
:SOURCce? /I Query internal calibration solsizte
‘RCL /I Recall the gains and zero offsetents from EEPROM
:SAV I/l Store the gains and zero offset enits to EEPROM
CAPacitor {0|1} /I Set feedback capacitor &irchannels; 0 = small value, 1 = large value
CAPacitor? /Il Query feedback capacitor setting
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CONFigure
:ACCumulation {0]1|2|3} /I Accumulate charge@ss gate resets, 0 = do not accumulate, 1 = acetery
/[ interpolation, 2 = accumulate by no-lolsarge method, 3 = accumulate without
/I correction for deadtime during resets
:ACCumulation? /I Query accumulation setting
:CAPacitor {0|1} /I Set feedback capacitot {aputs), 0 = small value, 1 = large value
:CAPacitor? /I Query feedback capacitor sgténd value in F
:GATe /I Configure integration gate
:EXTernal /I Configure external integraticatigg
:POLarity {0|1} /I Set external gate polar{gxternal trigger only), O = high active, 1 = loatise
:POLarity? /I Query external gate setting
:INTernal /I Configure internal integrationtiga
:LOSSless {0|1} /I Set lossless integration mdal= off, 1 = on
:LOSSless? I/l Query lossless integration mode
‘PERIod {<total>|AUTOscale} [{subsamp}]
/I Set integration period in seconds otémautoscaling, <subsamp> subsamples
Il per period (default 1)
:PERIiod? /I Query integration period and sofjdas
‘RANGe {<amps>} [{subsamp}]
/I Set a full scale current range by adlpgsintegration period for the selected
/I capacitor, <subsamp> subsamples peogédefault 1)
‘RANGe? /I Query the full scale current rasgting
‘RESET {<reset>} {<settle>} {<setup>}
Il Set the reset, settle and setup timass{pord protected)
‘RESET? /I Query the reset, settle and d@tgs
‘HIVOltage // High voltage configuration
:ENAble? /I Query the high voltage enableest@t= all HV off, 1 = external or signal bias
/[ HV on
:EXTernal /I External (auxiliary) high voltage
‘MAXvalue {<volts>} /I Set maximum allowable &¢tnal high voltage setting (password protected)
‘MAXvalue? /I Query maximum allowable extdrhigh voltage setting~
'VOLTs {<volts>} /I Set the external high valie
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'VOLTS?
CONFigure?

FETCh
:CHARge?

:CURRent?

:DIGital?

:MONitor?

:PRESsure?

:TEMPerature?
FETCh?

INITiate
PERIiod {<period>} [{sub}]

PERiod?

READ
:CHARge?

:CURRent?

:DIGital?
READ?

STATus
:OPERation
:CONDiItion?
:ENABIle
:ENABIle?
:EVENt?
:QUEStionable

13200 User Manual

/I Query the external high voltage
/I Query the last CONFIGURE or MEATE command.

Il Fetch data
/I Fetch charge data <integratiomoplechargel, charge2, charge3, charge4,
/I over range byte>
/I Fetch current data <integrapienod, chargel, charge2, charge3, charge4,
/I over range byte>
/I Read digitals (bit0-2 = resery®d3 = HV enabled, bit4 = external gate present)
/I Fetch monitor voltage input value
/I Fetch pressure input valuesogis
/I Fetch temperature input vaiu@
/l Do same FETCh as last (defaultetithfcharge if no defined last FETCh)

/I Initiate taking readings as soatiggered

Il Set integration pged in seconds, minimum 1e-4 s, maximum 6.5e+1 s,
Il <sub> subsamples per period (defauisigrtcut)
/I Query integration period (shortcut)

/I Initiate single acquisition and fetdata when complete
/l Read charge data <integratioroplechargel, charge2, charge3, charge4,
/I over range flags>
/l Read current data <integrgbemod, currentl, current2, current3, current4,
/I over range flags>
/l Read digitals (bit0-2 = reservéd3 = HV enabled, bit4 = external gate present)
// Do same READ as last (defaults tagaaf no defined last READ)

/I Status registers

/[ Operation register

1
I

I

I

/I Questionable register
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:CONDition?

:ENABIe

:ENABIe?

:EVENt?
:PRESet

SYSTem
:COMMunication
:CHECksum {0|1}
‘ECHO {0]1}
:ECHO?
IDENTIFY?

:TERMinal {0|1}

:TERMinal?
:TIMEout {<timeout>}
go

:TIMEout?
‘ERRoOr?
:FREQUENCY {<frequency>}
:PASSword {<password>}
:PASSword?
:SAFEstate

:SERIALnumber {<string>}
:SERIALnumber?
:‘VERSion?

I
I
/1l
/1l
/I (Not used)

/I System commands

/[ Communication settings

/I Append checksum to alllrep (password protected); O = off, 1 = on

/l Enable message echo, 0 = etfiidl = echo on

I/l Query echo state

/I Sends chained identify commarigevices in the loop combine to assemble the
/I response <number of devices in loopy ad first device, addr of second

/l device, .... addr of last device>. Echastrbe turned off for every device

/I before issuing the command.

/I Enter terminal mode (passw@rotected), 0 = off, 1 = on

/I In terminal mode, ACK and NACK are nehg and “OK” or error response is
Il sent for all valid commands that do otbterwise generate a response.

/I Query terminal mode setting

Il Set timeout in secon(fsassword protected); O = timeout disabled. 13200

/Il to unconnected state if no valid messageceived in the timeout period.
/I Query timeout setting

/I Return next error in the errorré\apieue

/I Set dominant noiseduency (generally line frequency, 50 or 60 Hz)

/I Enter the device pawsl to allow access to protected functions

/I Query the password

I/l Enable going to the safe stéien unconnected (0 = do not go to safe state
/l when unconnected, 1 = go to safe stéemnwinconnected)

/I Set the device sgmumber (max ten alphanumeric) (password prat¢cte
/I Query the serial number

/I Return the SCPI standard version

13200 User Manual 13200_UM_120720 Page 109 of 131




PSI System Controls and Diagnostics

TRIGger /I Establish trigger conditions
:COUNTt? /I Query the trigger count since @ INITiate
:DELAY {<delay>} /I Set trigger delay for mesge trigger mode
:DELAY? /I Query trigger delay
:POINts {<number>|INFinite} /I Set the numbertafger points after an INITiate before acquisitstops
:POINts? /I Query the number of trigger p®int

:SOURCce {INTernal|GATed|TRIGgered||MESSage}

:SOURce?

13200 User Manual

/I Set the acquisition trigger source (NBx¢ernalStartStop and
/I ExternalStartHold not supported in AS@kEssaging)
/I Query the trigger source
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21.3 ASCII Protocol — Terminal Mode

SCPI is not ideal for a user trying to control tB200 from a terminal program. A more
interactive terminal mode can be turned on by septlie command

SYSTem:COMMunication: TERMinal 1

After this command is executed, the 13200 will pdava response to every command. Valid
guery commands will get their normal reply. Otbemmands will generate an <OK> response
if they were interpreted without errors, or an emeessage if they could not be interpreted. The
non-printing ACK and BEL characters are not sent.

21.4 Binary protocol

The binary protocol is optimized for determinidbop operation, and is primarily intended for
use with Pyramid Technical Consultants host softveard software device drivers. Users who
wish to develop their own host software using bir@ammunications are advised to use the
supplied device drivers. For further details cohRyramid Technical Consultants, Inc.. The
device model for the binary communications is esaliynthe same as for ASCII, and
particularly the terminal mode. All host messagesan immediate response from the 13200.
There are a range of summary level commands teatraavailable under SCPI.
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22 Techniques for Making Low Current Measurements

Measurements of currents of around 10 nA and bedowire some care to prevent unwanted
interference that can distort the results. Inipaldr, the conductor that carries the currentio t
13200 input (the sensitive node) must be carefstiyated and guarded to ensure unwanted
currents cannot flow into it.

When an unexpectedly high background offset cuiseséen, the first thing to do is to check
again with the signal input(s) disconnected from [8200. This will isolate the problem to the
external measurement circuit, or within the 1328@If. If it is possible to swap the inputs
between the 13200 channels, this can also helpcalize problems.

22.1 Guarding and screening

If the sensitive node is separated from a voltagece (such as a power rail) by an insulating
layer, then a small current will flow through theife impedance of the insulator.

+V Voltage source

l l l llnsulator

Figure 67. Offset current to unguarded input

For example, a 10 V conductor separated from thsithee node by 1 Gohm of total resistance
would drive in 10 pA of background current. If timsulation is compromised by contamination,
then the problem is magnified. The solution iptovide a guard shield around the sensitive
node, at the same electrical potential. Leakage®iats across insulators now flow to the guard,
where they do not affect the reading.
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+V Voltage source

l l l llnsulator | ]

A N I
) v, S

g

Figure 68. Guarded input

AC fields in the environment can induce AC currantthe sensitive node. Depending upon the
frequencies and the integration time in use, tinegg appear as noise fluctuation in the signal.
An outer cable screen is used to shield the seasitbde from external fields. In combination
with the need to guard the sensitive node, thdtressthat the use of cable that provides a guard
and a screen is necessary. The core and innet gaiggen are at 13200 analog ground potential,
and the outer screen is made directly to the chadshe 13200.

/\ Rin
AV A T P I
U \\J/ WAV, N ——
S+creen \—
Guard Y4

Figure 69. Guarded and screened input

Since the noise sources can often be modeled &gyeaources, you can often reduce the noise
they induce at the integrator inputs by addingeseresistance. The 13200 has this option, and
the size of the series resistgy Ban be specified at the time of ordering. Nogg trery high
values increase the time constant of the low ples formed from this resistor and the cable
and detector capacitance, and therefore may degnadesponse time of the system.
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22.2 Temperature

Offset currents are generally exacerbated by isegtéemperatures. Temperature fluctuation
can appear as variation in the reading. When sqall currents need to be measured, the
experimental arrangement should be temperaturdizémbas far as possible.

22.3 Triboelectric effects

When there is relative movement of insulators amtlactors in signal cabling, free charge is
released. This is particularly the case for threest of coaxial cable. The resulting potential
difference can drive small currents to the sigmalductor across the high impedance of the
insulator. Additionally, charge may leak in difgdf there are any breaks in the insulator.

Special low-noise cable is available with graphiterication bonded to the insulator, to reduce
charge generation, and to conduct any releasedelaavay harmlessly. Other mitigations
include keeping the signal cables short and massl

22.4 Battery Effects

lonic contamination, such as salt from fingerprimthich connects to the sensitive node, can
give battery effects, particularly in the preseatenoisture, which can drive unwanted currents.
Any insulating surfaces in contact with the semsimode must be clean. Humidity levels should
be such that there is no moisture condensationer@Vier possible the sensitive node should be
insulated by vacuum or air.

22.5 Piezoelectric Effects

Ceramic and plastic insulators can release chahgmwnder mechanical stress, which may be
collected on the sensitive node. The effect ieegaly small (less than 10 pA), and can be
avoided by eliminating stresses in cables and cuiiores.

22.6 Integration Period and Synchronization

The 13200 provides considerable flexibility in sggtthe integration time interval, and
synchronizing the integration to external everiike integration method is inherently good at
averaging noise. Very low current currents gemerabjuire the smallest available feedback
capacitor and the longest practicable integraiime to build up a readily measurable voltage.
For example, a 1 pA current integration on a 1@gaflback capacitor requires 10 seconds to
develop 1 V. Background offset is also integratda;ourse, and cannot be distinguished from
the signal. This sets the ultimate detection limit

The plots in figure 70 illustrate how a 5 pA sigfralm a small ionization chamber becomes
clearly distinguishable from a reference backgrosigdal, and the noise reduces, as the
integration period is increased from 1 msec tom3@@c to 10,000 msec.

13200 User Manual 13200_UM_120720 Page 114 of 131




PSI System Controls and Diagnostics

2.0E-10

1 msec

1.5E-10 A
1.0E-10 A

0.0E+00

o o o
SOE_ll 4 o oo ° 9 9o oo ° o o o O0o @00 o
o o o o o oo o o o

-1.0E-10 -

T
so0e-11 O, L L0027

< o
-1.5E-10
» Chl - ion chmbr = Ch2 - no signal
100 msec
7.0E-12 - ; -
6.0E-124 ° , o o ¢ 0 ® S A GVCWE A
50E_12 i ‘é‘ '5‘ 0000 ’69‘7 ‘“’4 o‘ov 6’ - 60906690 ° ° ‘60 - 'o . 6‘ oo 9 - ’oo - voo »
4.0E-12 - .o
3.0E-12 -
2.0E-12 -
10E-124 | a
0.0E+00 T oo o \Duuu - o T T =
-1.0E-12 woeg 2 4 6 °8° 10
-2.0E-12
+ Chl - ion chmbr = Ch2 - no signal

6.0E-12

10000 msec

5.0E-12 A
4.0E-12 4
3.0E-12 A
2.0E-12 A
1.0E-12 -
0.0E+00 T

60969009749 800087 60072, ’.o‘>ovc‘wwooau.oévoov.wo"é‘o,%,,.,,,vvv“'nw.vwoo,,o‘youw,ow.'w,

T L T

400 600 800 1000

-1.0E-12 200

- Chl - ion chmbr = Ch2 - no signal ‘

Figure 70. Separation of a 5 pA signal from backagrd

Where there are known dominant noise frequenciesrirent measurements, for example line
voltage interference, these can be suppresseddogicty an integration periods that is an integer
multiple of the noise period. For example, 50d160 Hz noise from the power line is present
in most environments. This can be completely rezdan the 13200 by selecting the integration

period as follows:

Noise frequency

Integration period choices to elae noise

50 Hz

20.00, 40.00, 60.00, 80.00, 100.00 .... Kx@0msec

60 Hz

16.67, 33.33, 50.00, 66.67, 83.33, .... K¥I6nsec

13200 User Manual

13200_UM_120720

Page 115 of 131




PSI System Controls and Diagnostics

Very small charge package measurements shouldteiogd by synchronizing the integration

carefully around the arrival of the charge. Thisimizes the amount of background offset

current that is included in the reading. Oftendh@val of the charge is associated with an event

in the system which can be used to drive the eategyate input of the 13200 to obtain the
required synchronization.

22.7 Summary

Factor

Typical noise
offset current

Mitigation

Typical noise
after mitigation

Triboelectric effects in
cable

108 A

Reduce cable lengths.
Keep cable from moving.
Use low-noise cable.

102 A

Current across 10" to 10"° A | Guard the sensitive node 10 A
insulators from voltage Use triaxial cable
sources
AC interference 16to 10'°A | Used screened (triaxial) cable YA
(AC)
AC interference 10t0 10" A | Select increased series input| 10 A
(AC) resistance at time of ordering
AC interference 10t0 10" A | Use integration periods that | 10 A
(AC) are an integer multiple of the
dominant noise frequency.
Contaminated insulators T Clean insulating surfaces with 10*° A
solvent
Use air insulation where
possible
Keep humidity low
Piezoelectric effects 16to 10~ A | Avoid mechanical stresses andNegligible
vibration, in the sensor and
cable.
Resistor Johnson noise <fo None — fundamental limit set
by signal source resistance
Temperature fluctuation 1o 10 A | Temperature stabilize the 10'%t0 10 A
fluctuation whole measurement apparatuygluctuation
Elevated temperature 10to 107' A | Reduce temperature of the T\
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whole measurement apparaty

IS
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23 Software Updates

The 13200 has three embedded firmware releases.

Firmware Function

FPGA (.pof file / .thex file)| General logic, loopassage passthrough, ADC reading and
averaging

PIC Boot (.hex file) Boot up, code upload

PIC Application (.hex file) | Main application; catdtion, conversion to floating point values
communication messaging.

The PIC microcontroller boot code should not reguipdating. It would require access to the
circuit board and dedicated programming tools &mloew code. If the boot code ever does need
to be updated, your supplier will contact you arekenarrangements either to return the unit for
upgrade, or to have an engineer perform the updoadeu.

The FPGA and PIC microcontroller application codsyrbe updated periodically to add new
operating features. New code releases will beigeavby your supplier, or can be downloaded
from the Pyramid Technical Consultants, Inc. websithe fhex (for FPGA) and hex (for PIC
microcontroller) files can be loaded using the BBignostic host without any need to access the
unit. The uploads can be performed directly frow PC host.

23.1 FPGA firmware updates

To update the FPGA, click the “Select .fhex fileitton under Upload FPGA on the Device tab,
and navigate to the relevant file. The code Vit load. The process takes about one minute.
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Figure 71. Selecting the FPGA fhex file to load.

Figure 72. FPGA firmware uploading.
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When the upload is complete, you will get a protogbower cycle the 13200 in order to load the

new code.

Figure 73. Restart prompt after FPGA update.

If the FPGA upload fails for any reason such as tmfgpower during the upload, or data

corruption, then the 13200 may not be able to comicate. In the unlikely circumstance that
this happens, it can be recovered using an FPGgramuming tool and the .pof version of the
FPGA code. Contact your supplier or Pyramid TechinConsultants who will arrange for the

unit to be repaired.

23.2 PIC firmware updates

To update the PIC microcontroller, click the “Seldwex file” button on the Device tab and
navigate to the relevant file. The code will thead. The process takes about 30 seconds.

Figure 74 Selecting the PIC hex file to load.
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Figure 75. PIC firmware uploading.

When the upload is complete, the 13200 will retsalf and start running the new firmware. You
should see the new device version number displagetie screen.
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24 Fault-finding

Symptom

Possible Cause

Confirmation

Solution

High background current

Resistive path to signaiitn
due to missing or broken
guard.

Disconnect input —
background should reduce to
specification levels

Ensure good guard integrity a
the way to the signal source.

High humidity

Problem varies with relative
humidity.

Ensure there are no water-
absorbent insulators. Reduc
the humidity levels.

Internal contamination.

Background current remsai
high with inputs disconnected

Contact your 13200 supplier
for advice or to organize a
return for cleaning.

High noise levels

Integration time too short fo
signal being measured

r Noise level reduces with
integration period

time for the signal level.

RF pickup

Noise varies with cable
position, status of neighborin
equipment.

Check integrity of outer
gscreens of signal cables.

Line voltage pickup

Noise level drops sharply if
integration period is 16.7 msé
(60 Hz) or 20 msec (50 Hz)

2clear of unscreened high
current mains voltage. Use
integration periods (N/line
frequency).

No signal

Small signal lost in noise

Use longeegration time.
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Signal does not vary as
expected

Integrators are overrange.

Overrange flags areigsial
recovers if integration period
is reduced.

Reduce the integration perioc
or use the larger feedback
capacitor.

!

Measured currents or charge
are inaccurate by up to 15%

sUnit not calibrated.

Calibrate.

Calibration was carried out
while a signal current was
present.

Internal calibration source
does not measure as 500nA
with all inputs disconnected.

Repeat calibration with no
external signal present.

Inaccurate measurements for
short integration times

Cable capacitance is affectin
measurement

yReduce capacitive load or us
larger feedback capacitor.

eReduce capacitive load or us
larger feedback capacitor.

High background offset
current

Unit is overheating due to
failed fan

Unit feels warm. Fan stoppe

d. Return unit for fan
replacement.

Unit is overheating due to
airflow blockage

Unit feels warm. Performanc
improves when operated on
the bench.

eClear space around the unit
and improve airflow.

Various causes

Refer to section 22.

500 nA or 83.3 nA
background on one channel

Internal calibration source ha
been turned on.

Turn off calibration source.

13200 stops measuring

Trigger points limit reacheg

|.Measurement starts again if
13200 is reinitialized.

Adjust trigger points as
required.

Communication link timeout

Investigate and fix
communications issue. Use
longer timeout setting.

No or incorrect response to
external trigger or gate

Incorrect gate polarity
selected.

Use correct polarity.

13200 not configured to

Use correct setup.

13200 User Manual

13200_UM_120720

Page 123 of 131




PSI System Controls and Diagnostics

respond to external gate.

No or low high voltage

Shorted to ground in extérn
circuit

aMonitor HV reading zero or
very low relative to setpoint.
Monitor value recovers if
13200 disconnected from the
external circuit.

Eliminate shorts to ground.

Effective short to ground via
free electrons

Monitor HV reading zero or
very low relative to setpoint.
Monitor value recovers if
13200 disconnected from the
external circuit.

Reduce electron concentratic
if possible.

High voltage not at setpoint

A high compliance seur
such as a charged patrticle
beam is driving the HV
electrode.

Monitor value recovers if
13200 disconnected from the
external circuit.

Change geometry to reduce
beam strike.

Cannot set high voltage

Trying to set above the
maximum allowed value soft
limit.

Sets OK if a lower value is
chosen.

If allowed, increase the
maximum allowed value.

Unable to communicate with
13200

Wrong mode switch or
address setting

Check mode switch setting
against table in section 20 an
address against expected
address in host software.

Use correct switch settings.
dSwitches can be changed
while the unit is operating.

Unable to connect on fiber
loop

Connector still fitted to RS23
or USB

NJ

Remove RS232 and USB
connectors.

Communications interruption

o

D

Other processes ohd®&T
interfering with comms ports.

Use a dedicated PC with

simple configuration and
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minimum number of process:¢
running.

Unable to connect on USB

Missing or incorrect USB

driver.

Device connected tone not
heard when connecting the
USB cable.

Install correct driver. Refer tc
the 13200 Software Manual.

Unable to connect on RS232

Another program is utiag

COM port.

Try to access the required portChoose another port or close

with Windows Hyperterminal.

down the other program.

Incorrect port settings.

Try to connect with then
file supplied with the unit.

Correct the settings.

Incorrect cable.

Make up a suitable cable. §
figure 8.

See
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25 Maintenance

The 13200 does not require routine maintenanceg@xo clear any dust accumulation in the fan
filter.

There is risk of contamination which may degradégumance if the case is opened. There are
no user-serviceable parts inside.

CAUTION. High voltages may be present inside thgec Do not open the case when power is
applied.

If there is build up of dust in the filter, you sHd clear this by vacuum cleaning in situ, or by
removing the filter element and cleaning it sepayatith an air jet. Note that detaching the
filter element also detaches the fan from the case

Figure 76. Filter element removal

The 13200 is fitted with a 1.1 amp automaticallgetting positive temperature coefficient (PTC)
fuse in the 24 VDC input. No user interventiomaquired if the fuse operates due to
overcurrent. The fuse will reset when the overnircondition ends.
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26 Returns procedure

Damaged or faulty units cannot be returned unld®starns Material Authorization (RMA)
number has been issued by Pyramid Technical Camisjtinc. If you need to return a unit,
contact Pyramid Technical Consultantsapport@ ptcusa.carstating

- model
- serial number
- nature of fault
An RMA will be issued, including details of whiclkrsice center to return the unit to.
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27 Support

Technical support in English language is availdtden Pyramid Technical Consultants, Inc. in
the USA (+1 781 402 1700, Eastern Time Zone) ameh fiPyramid Technical Consultants
Europe Ltd (+44 1273 492001, UK Time Zone).

Manual and software driver updates are availableldavnload from the Pyramid Technical
Consultants website atww.ptcusa.com Technical support is available by email from
support@ptcusa.com. Please provide the model euartdl serial number of your unit, plus
relevant details of your application.
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28 Disposal

We hope that the 13200 gives you long and religblwice. The 13200 is manufactured to be
compliance with the European Union RoHS Directi@@2295/EC, and as such should not
present any health hazard. Nevertheless, whendeuice has reached the end of its working
life, you must dispose of it in accordance withdlo@gulations in force. If you are disposing of
the product in the European Union, this includesgiance with the Waste Electrical and
Electronic Equipment Directive (WEEE) 2002/96/ERlease contact Pyramid Technical
Consultants, Inc. for instructions when you wisltigpose of the device.
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29 Declaration of Conformity
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30Revision History

The release date of a Pyramid Technical Consultirdsuser manual can be determined from
the document file name, where it is encoded yymnfeat. example, B10_UM_080105 would be
a B10 manual released on 5 January 2008.

Version

Changes

13200_UM_070907

First general release

13200_UM_080125

13200_UM_080408

13200_UM_081031

Corrected transposed fiber opfix gositions.
Removed gate trigger mode (no longer supported).

13200_UM_090427

Add introductory overview section.
Add information about 13200 rev3 hardware revismath altered
calibration current value.
Add section on capacitive loading of inputs.
Add information on fan filter cleaning.
Add section on firmware compatibility

13200_UM_120720

Update specification table to beststent with engineering requiremen
and validation test documents.
Update description of PSI Diagnostic features.
Add description of flat field feature.
Add information about PTC G2 Diagnostic.
Add section on software updates.
Add section on disposal.
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