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1.Introduction

Please note: Hytec IP8401 asynDriver needs thevéma version of V516 or later.

Hytec 8401 industry pack is an 8 channel, 16biu#iameous analogue to digital converter
(ADC) with 1M byte (up to 2Mbyte) on board memohat gives each channel 64k word data
storage.

This AsynDriver is designed as per Diamond LightiiSe requirements for supporting EPICS
applications.

It has three operation modes: continuous acquisitiode, trigger mode and gated mode that are
implemented by the following Asyn interfaces.

e asynDrvUser

e asynint32

» asynFloat64

* asynint32Array

» asynFloat64Array
* asynUInt32Digital
 asynCommon

The mode selection is initially determined by cgofiation routine during the system boot time.
Once it is set, it applies to all 8 channels. Dgitime runtime, the user can change the mode
online without rebooting the I0C. However, somehaf settings such as ENABLE, REENABLE
etc are reset except the continuous mode.

Few other settings are set during this stage assweh as interrupt vector, clock rate, external or
internal clock, number of samples to collect (fontinuous and trigger mode only), average (for
ai records only) and offset (for trigger and gateatle only) etc. Again, once these parameters
have been set, they apply to all 8 channels.

All the above settings can also be altered atmmexcept interrupt vector. Some of the runtime
changes will result in the ADC to issue a softwatmp/restart. Whenever one of these settings is
changed online, a notification is generated tostiescribed users (records) whoever monitors
the changes.

For all three modes, the driver provides ADC datadings for both polled records (with SCAN
set to “.5 second” for example) and asyn callbadords (with SCAN set to “I/O Intr”) in both
ai (averaged) and waveform forms. This will be diesa in detail in the following sections.

Few commands such as enable/disable ADC, re-ersadstejare trigger for trigger mode etc
have been implemented by both asynIint32 and asy@PIngital interfaces. They both support
bi, bo, mbbi and mbbo records. AsynUInt32Digitaknrfiace implementation is for backwards
compatibility.

The user can interrogate driver status such asflowerAverageOverflow, gate/trigger state and
support etc. These are implemented also by bothi@®2 and asynUInt32Digital interfaces and
the latter is for backwards compatibility.
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To accommodate MCA and EPID record support, twaigpheecasons have been defined in the
reason enumeration (see below) to match the FastSmeords’ need. These are DATA (=0 in
the enumeration) and SCAN_PERIOD (=2 in the enuticera

Due to the single conversion notification requireinaf the FastSweep record, an interrupt is
generated on each single ADC conversion when reguiiCA and EPID support. This puts
constrain to the ADC speed which is limited to 2kin the normal case of ADC usage
(without MCA and EPID support) the speed can gtillas high as 100 kHz. For this reason, one
argument is defined in the init routine named Ad3C” to distinguish these two cases. When
fastADC = 1, it is used as normal ADC which canéapeed up to 100 kHz. When fastADC =
0, it is used for the support of MCA and EPID refsor

A summary of services provided by the driver itelisbelow.

» Both polled and callback Int32 ai data — singlencted raw ADC value (range: -32767 ~
+32767) averaged over a period of time. This caaliiained by using either DATA or
GENDATA reason. They both return the same value.

» The callback data only notifies the user when i@ dollecting period expires or an
event happens.

» Both polled and callback Int32 waveform data — aayaof raw ADC values. Using
reason DATA returns an array of 8 elements thattege8 channel single ADC readings
at the same moment. The NORD value of the recosdtiso 8. This is for MCA record
support. When using reason GENDATA, it returns mayaof NELM (number of
elements) of a single channel over a period of tima¢ the user is interested. This is the
normal waveform case. The NORD is set to the twaber of valid data in the array.

» Both polled and callback Float64 ai data — singl@nmel calibrated and/or converted
ADC value. When using reason DATA, which is for BRlupport, the returned value is
the calibrated ADC value (range: -32767 ~ +3276i)not converted to voltage. When
using reason GENDATA, it returns the normal caliedsand converted ADC value
(range: -10V ~ + 10V).

» Both polled and callback Float64 waveform data -a@aay of calibrated and converted
ADC value (range: -10V ~ + 10V) over a period ohéi that the user is interested. It
returns the same set of data defined by NELM ndengte reason is DATA or
GENDATA. NORD is set to the true number of validalan the array.

* Whenever the scanning rate is changed at runtiroalllzack is generated that returns the
scan period in second to records with reason of $GZERIOD.

Please note, this scan period value only gets reted when changing the scan rate at
runtime. The initialisation doesn'’t set it.

» The user can interrogate average overflow, datelowe gated/trigger mode state and
driver support by using reason AVERAGEOVERFLOW, (RFELOW,
GATETRIGGERSTATE and SUPPORT respectively.

o Average overflow (either 0 or 1) if set means sdnimgt wrong with averaging for
ai record.

o Overflow (either 0 or 1) means either in triggerdadhe period is set too big or in
gated mode the gate is too long.
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o Gated/trigger state has three states, 0 — waitingifger of gate opening, 1 —
triggered or gate opened and acquiring, 2 — triggeiod finishes or gate closed.

0 Support provides the lowest three bits that tékésuser that the driver supports:
bit0 — gate mode, bitl — trigger mode, bit2 — teiggode negative offset. In
Hytec 8401 asyn driver at the moment, only bitO land is set.

* Runtime parameter changes can be achieved by gstherfollowing commands. Each
setting change will generate a notification callbtcthe user record which uses any one
of the reasons described below. The return valughis callback is the enumeration
number of the command reason.

Changing mode by using SET MODE reason.

Changing scan rate by using SETCLOCKRATE reason.
Changing external/internal clock by using SETEXT®L@ason.
Changing average setting by using SETAVERAGE reason
Changing samples setting by using SETSAMPLE reason.

O O0OOo0OO0oOo

» Driver controls is done by the following commands.

0 ADC enable by using ENABLE command. The ADC onlgswhen it is
enabled. For trigger and gated mode the ADC onig ance after it is enabled
unless the re-enable is also set as below.

o ADC continuous enabled by using REENABLE commahthis is set, in trigger
and gated mode, the ADC hasn'’t to be enabled diragy

o Software trigger in trigger mode can be issueddiggiISOFTTRIGGER

command.

These reason enumeration summary EPICS recostes! Ibelow.

DATA -- asking data for FastSweep records
GENDATA -- asking for normal data
SCAN_PERIOD -- asking for scan period in second
SETAVERAGE -- set average online

SETSAMPLE -- set samples online

SETMODE -- set mode online

SETOFFSET -- set offset online

ENABLE -- set/clear enable

SOFTTRIGGER -- software trigger

REENABLE -- set/clear reenable
CLEARBUFFER -- not implemented
SETCLOCKRATE -- set clock rate online
SETEXTCLOCK -- set internal/external clock online
AVERAGEOVERFLOW  -- query average overflow state
OVERFLOW -- query overflow state
BUFFERCOUNT -- not implemented

GATETRIGGERSTATE
SUPPORT

-- query trigger/gated mode state
-- query driver support info

Unclassified 9
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2.Installation

To install the IP8401 AsynDriver, download the pag& from Hytec websitettp://www.hytec-
electronics.co.uk/Software/Hy8401ip-AsynDriver-17-2009-V1.9.tar.gand unzip it to the
EPICS support directory. Also download the supparkage from herettp://www.hytec-
electronics.co.uk/Software/Hy8401ipAsynSupport-182009.tar.gand unzip it to the EPICS
support directory as well.

The example of the IP8401 AsynDriver in the packiadauilt for VxWorks with power PC
vxWorks-ppc604_long architecture.

To be able to build sucessfully, some simbols andrenment variables such as “SUPPORT”,
“EPICS_BASE” in RELEASE under each configure dicegtneed to be chanaged accordingly.

The architecture needs to be changed if it is @iffefrom the example by changing the
CROSS_COMPILER_TARGET_ARCHS in CONFIG file undenfigure directory.

The support package includes an ipac module speiltyf designed for Hytec carrier cards. So it
is essential to have this module installed to be sbuse Hytec IP cards.

All other modules in the support package are usedudpporting mca and EPID records. If you
are not intending to use these two records, thamtutas need not be installed. Yet it doesn’t do
any harm to the system even though you install them

3.Initialisation and Start Script

Hytec IP8401 AsynDriver initialisation routine hidee following prototype. It is called during
the start up script.

i nt Hy8401i pAsynlnit(char *portNanme, int vneSlotNum int
i pSl ot Num int vectorNum int sanples, int average, int
offset, int scanMbde, int clockRate, int extCl ock, int
f ast ADC)

where: portName: char* -- the asynDriver port name

vmeSIlotNum: int — VME slot number of the 8002 carigard (2 ~ x, x depends on the
crate)

ipSlotNum: int — 8401 IP card slot number (0 ~ 3)

vectorNum: int — interrupt vector

samples: int — the number of ADC readings to gaeethe asyn callback for I/O Intr
records. This argument only applies to contiuowktagger mode.

average: int — the number of points to be averdgedi records.

offset: int — defines the relative to the timergiger/gate the data of interest. This only
applies to trigger and gated mode. For trigger mads&n only be a positive
value. For gated mode, it can be positive or negaf\ postive offset means the
start point of interest is offseted by this settirgn the beginning of the gate. A
negative offset means that the interest points ‘taffset” number of points at the
end of the gate.

scanMode: int — 0 = contiuous mode, 1 = triggedenand 2 = gated mode.
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clockRate: int — scanning rate of ADC. It hasfiiilowing settings.
0-1Hz 1-2Hz 2-5Hz 3-10Hz
4-20Hz 5-50Hz 6—-100Hz 7-200Hz
8-500Hz 9-1kHz 10-2kHz 11-5KkHz
12-10kHz 13-20kHz 14-50kHz 15-100 kHz

extClock: int — either use internal clock (= O)eotternal clock (= 1)

fastADC: int — defines either to use high speed ABQ, normal case, up to
100 kHz without MCA and EPID support) or MCA andIBRupport (= 0, up to
20 kHz). The only differences of the two are thamsting speed and in
MCA/EPID support case, the driver generates aslifpack every single
conversion whereas the normal case doesn’t. Albther functions, mode and
record supports are the same.

There is a config routine defined in the asyn driwat it is not used at the moment. Its prototype
looks like this.

i nt Hy8401i pAsynConfi g(const char *portName, int aiType, int
range, int firstChan, int |astChan, int chanBuffSize )

None of these arguments is used in the asyn diVver.user can ignore this routine (even don’t
have to call it during the initialisation process).

A typical start up script for VxWorks OS target ksdike this.

#! $( | NSTALL) / bi n/ $( ARCH) / exanpl e
cd "$(1 NSTALL)"

Load binaries on architectures that need to do so.

VXWORKS ONLY, LINUX ONLY and RTEMS_ONLY are macros that resolve

to a coment synbol on architectures that are not the current

build architecture, so they can be used liberally to do architecture
specific things. Alternatively, you can include an architecture
specific file.

HHH O HH

$(VXWORKS_ONLY) | d < bi n/ $( ARCH) / exanpl e. munch

#$ define the maxi mum EPI CS channel access array size
epi csEnvSet ( EPI CS_CA_MAX_ARRAY_BYTES, "3000000")

## Regi ster all support conponents

dbLoadDat abase( " dbd/ exanpl e. dbd")
exanpl e_r egi st er Recor dDevi ceDri ver (pdbbase)

# Run the configuration function once for each card in the 10C
HARBHHHH PR HH PR HH TR HH TR R H AR R R

# Configure Hytec 8002 carriers

# 8002 carrier VME slot 3

# ARGS - vneslotnum | Pintlevel, HSintnum

#

$( VXWORKS_ONLY) | PAC3=i pacEXTAddCar ri er (&EXTHy8002, "3 2 18")
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HHHHHHHHH R R R R S
#int Hy8401i pAsynlnit(char *portNane, int vrmeSlotNum int ipSlotNum int
# vector Num int sanples, int average, int offset, int scanMde, int

# cl ockRate, int extd ock, int fastADC)

# ARGS: vneslot=3, ipslot=1, vector=10, sanpl es=10000, average=50, offset=0,
# scannmode=1(trigger), clockrate=9(1kHz), extclock=0(no), fastADC=0(
# nca & EPI D support)

Hy8401i pAsynl ni t ("myasynport1", |PAC3, 1, 10, 10000, 50, O, 1, 9, 0, 0)
HARBHHHH PR HH PR HH TR HH TR R H AR R

#i nt Hy8401li pAsynConfi g(const char *portName, int ai Type, int range, int
# firstChan, int l[astChan, int chanBuffSize )

# currently no effect for this routine in Hytec 8401lip asyn driver
Hy8401i pAsynConfi g("myasynport1", 0, 1, 0, 7, 100)

HEHHHHHHBHHH BB R R R R R

# int initFastSweep(char *portName, char *input Nane,

# int nmaxSignals, int maxPoints)

# port Nane = asyn port name for this port

# i nputName = nanme of input port

# maxSi gnal s = maxi num nunber of input signals

# maxPoi nts = maxi num nunber of points in a sweep. The anpbunt of menory
# al located will be maxPoi nt s*maxSi gnal s*4 bytes

$( VXVWORKS_ONLY) i ni t Fast Sweep("8401Sweepl”, "myasynport 1", 8, 10000)

HUBBHHHH PR HHH BB HHH PR R HH T R H AR
# Hytec 8402 DACin IP site B of the IP carrier card in slot 3.
# This 8402 is used for anal ogue output of the EPID | oop contro

$( VXWORKS_ONLY) Hy8402i pConfi gure (302, |PAC3, 2, 11)
i ni t Hy8402i pAsyn(" DAC', 302)

HUBHE R R R USRS R S R R R R R R
## Load record instances

dbLoadRecor ds(" db/ exanpl e. db", " P=CARD1, PORT=nyasynport 1")
dbLoadRecor ds(" db/ exanpl enta. db")
dbLoadRecor ds(" db/ exanpl eepi d. db")

HURBHHHH PR HHH R HHH PR R HH TR H AR
set trace output level for asyn port "nyasynport1l"
Level: Ox01 = Errors only
asynSet TraceMask argunents:
* asyn port
* address of that asynport (i.e. channel nunber)
* verbosity |evel
0x01: error
Ox11: errors, warnings and debug
0x00: silent

HHHHHHHFHH

asynSet TraceMask( "nmyasynportl1", 0, 0x00 )
# all driver |evel nessages

ioclnit()
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4.0peration Modes

Hytec IP8401 AsynDriver supports three operatiomeso continuous mode, trigger mode and
gated mode.

4.1. Continuous mode

Description

In continuous mode, the ADC starts acquisition irdiagly after the 10C is initialised, i.e. it is
enabled automatically at the beginning. Two impartaonfiguration parameters are associated
to this mode: “average” and “samples”.

“average” is used for ai records in both polled aaliback cases. It is the number that the driver
uses to average the acquired ADC values then edumthe records.

“samples” is used for waveform records which spesithe maximum samples possible to be
returned to the records. The real number retureiegecified by the driver in the NORD field.

Returned data can be either integer or floatingder data is the raw ADC values and floating
data is converted to voltage values (-10V ~ +10Yhancase of 8401).

Continuous mode can be stop/start by the ENABLEmand at any time.

Configuration example (in the start up script)

HHUHHHHHHHHH I
#int Hy8401i pAsynlnit(char *portNane, int vrmeSlotNum int ipSlotNum int

# vector Num int sanples, int average, int offset, int scanMde, int

# cl ockRate, int extd ock, int fastADC)

# ARGS: vneslot=3, ipslot=1, vector=10, sanpl es=10000, average=50, offset=0,
# scannmode=0( conti nuous), clockrate=9(1kHz), extcl ock=0(no), fastADC=0(
# nca & EPI D support)

Hy8401i pAsynl nit ("nyasynport1", |PAC3, 1, 10, 10000, 50, 0O, 0O, 9, 0, 0)

Constrains

*  When “samples” exceeds 64k, 64k is used and owertky is set.
» Both “average” and “samples” cannot exceed 64K niNdly “average” should not
exceed “samples” setting.

For ai records:
* When “average” exceeds 64k, 64k is used and aversgéow flag is set.
* When “average” exceeds “samples”, “samples” nunolbelata acquired is used for

averaging. The averageOverflow flag is set.

For waveform records:
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* If nelements is greater than 64k, 64k is used.

* NORD is always set to whatever nelements. This s\dzat at the very beginning when
ADC starts, some of the data in the waveform aisayhatever the memory left initially.
But after certain time (especially when ADC finistefull cycle), all data is true ADC
readings.

Record examples
Polled ai

Integer
record(ai, "$(P):CHANNELO:IN") {
field(SCAN, "1 second")
field(DTYP, "asyniInt32")
field(INP, "@asyn($(PORT) 0) DATA")

Float
record(ai, "$(P):CHANNEL_FLOATO:IN") {
field(SCAN, "1 second")
field(DTYP, "asynFloat64")
field(INP, "@asyn($(PORT) 0) DATA")
}

Polled waveform

Integer
record(waveform,"$(P):WAVEFORMFLOAT1:IN") {
field(SCAN, "1 second")
field(DTYP,"asynInt32Arrayin")
field(INP,"@asyn($(PORT) 1) DATA")
field(NELM,"35")
field(FTVL," LONG")

Float
record(waveform,"$(P):WAVEFORMFLOATL:IN") {
field(SCAN, "1 second")
field(DTYP,"asynFloat64ArrayIin™)
field(INP,"@asyn($(PORT) 1) DATA")
field(NELM,"35")
field(FTVL,"DOUBLE")

}

I/O Intr ai:

Integer
record(ai, "$(P):CHANNELZL:IN") {
field(SCAN, "I/O Intr")
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field(DTYP, "asynint32")
field(INP, "@asyn($(PORT) 1) DATA")

Float
record(ai, "$(P):CHANNELFLOAT2:IN") {
field(SCAN, "I/O Intr")
field(DTYP, "asynFloat64")
field(INP, "@asyn($(PORT) 2) DATA")
}

I/0O Intr waveform

Integer
record(waveform,"$(P):INTRWAVEFORMA4:IN") {
field(SCAN, "I/O Intr")
field(DTYP,"asynInt32ArrayIn")
field(INP,"@asyn($(PORT) 4) DATA")
field(NELM,"25")
field(FTVL,"LONG")

Float

record(waveform,"$(P):INTRWAVEFORMFLOATS5:IN") {
field(SCAN, "I/O Intr")
field(DTYP,"asynFloat64Arrayin™)
field(INP,"@asyn($(PORT) 5) DATA")
field(NELM,"40")
field(FTVL,"DOUBLE")

}

Operation sequence

» After initialisation or when changing from other des to continuous mode, the ADC
starts acquisition immediately.

» After “samples” number of readings, the driver gegs the asyn notification for callback
records (with SCAN field set to 1/O Intr).

* When “enable” is cleared, the ADC stops. It wikuene when “enable” is set again.

4.2. Trigger mode

Description

In trigger mode, the ADC doesn’t acquire data uht8 enabled and either a software trigger or a
hardware trigger has been issued. And once triggéne ADC only collects “samples” +
“offset” number of readings then stops.
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There are three important configuration parametessciated to this mode: “average”, “offset”
and “samples”. Also there are two flags: overflavd averageOverflow that reflect the
validation of the data collected.

“average” is used for ai records in both polled aaltback cases. It is the number setting that the
driver uses to average the acquired ADC valuesiétemned to the records. At any time,
anything goes abnormal (please see below constlaswiption), the averageOverflow flag is
set. Flagged averageOverflow purely means sometjoeg wrong.

“samples” is used for waveform records which spesithe maximum samples possible to be
returned to the records. The real number retureiegecified by the driver in the NORD field.

“offset” is used to offset the start point for daegdurned as refer to the trigger point.

Returned data can be either integer or floatingdar data is the raw ADC value and floating
data is converted voltage value (-10V ~ +10V in¢hse of 8401).

Configuration example (in the start up script)

HHUHHHHHHHHH I
#int Hy8401i pAsynlnit(char *portNane, int vrmeSlotNum int ipSlotNum int

# vector Num int sanples, int average, int offset, int scanMde, int

# cl ockRate, int extd ock, int fastADC)

# ARGS: vneslot=3, ipslot=1, vector=10, sanpl es=10000, average=50, offset=0,
# scannmode=1(trigger), clockrate=15(100kHz), extclock=0(no), fastADC=1(
# nor mal ADC)

Hy8401i pAsynl nit ("nyasynport1", |PAC3, 1, 10, 10000, 50, O, 1, 15, 0O, 1)

Constrains

» ‘“offset” + “samples” cannot exceed 64K.

» “offset” cannot exceed “samples”.

* Whenever the setting of either the “samples” or‘tftset” is set, a check is carried out.
If “samples” + “offset” exceeds 64k, (64k — “off8eis used for “samples” and overflow
flag is set.

» ‘“average” cannot exceed “samples” + “offset”. Ifldes, averageOverflow flag is set and

“average” is set to “samples” + “offset”.

Hytec IP8401 asynDriver doesn’t support negativigs&” at the moment.

At runtime for polled ai records:

Assuming at a certain point after the trigger fith® ADC has collected N number of
readings,

* Whenever N is less than “offset”, averageOverfltag fis set. Also if N is less than
“average”, all data collected as far is used teh#goaveraging. If N is greater than
“average”, the most recent “average” number of iregsdis used.

* When N is greater than “offset” and (N - “offsetS)greater than or equals to “average”,
the most recent “average” number of readings igl fimeaveraging and averageOverflow

Issue 4 Unclassified 17



HYTEC Hytec 1P8401
ELECTRONICS LIMITED AsynDriver User Manual

flag is cleared. If not, the ADC values startingnir “offset” to N is used for averaging
and the averageOverflow flag is set.

At runtime for polled waveform records:

Assuming at a certain point after the trigger fith® ADC has collected N number of
readings,

* If Nis less than or equals to “offset”, all datalected as far is returned. NORD is set to

N.
» If N is greater than “offset”, N — “offset” numbef readings is returned and NORD is set
to N — “offset”.

For callback ai records:
* When “average” exceeds “samples”, “samples” nunobbelata acquired is used for
averaging. The averageOverflow flag is set.

Record examples
Same as continuous mode. Please refer to preveations.
Operation sequence

» After configuration the ADC is set up and waitiray fenable” command and triggers.

* When “enable” command is set, the ADC is armediotacquiring. It waits for a trigger
to kick off.

* Once atrigger is fired either by software commantardware, the ADC starts
acquisition.

» After “samples” + “offset” number of values collect, the ADC stops. The driver fires
the asyn notification for subscribed callback resawith SCAN field set to I/O Intr).

* If “re-enable” is set, the ADC is still armed. Fuet trigger will start the acquisition
again. If “re-enable” is not set, the ADC is disadnFor further trigger needs to set
“enable” command again.

» To disable the ADC from any triggering, set “enée0.

Notes
» Trigger will not start the ADC until it is enabled.

» Before the first trigger, the data returned for amgords has no meaning (random). After
a trigger period finishes, all records maintain$hene values until next trigger.

4.3. Gated mode

Description

Issue 4 Unclassified 18



HYTEC Hytec 1P8401
ELECTRONICS LIMITED AsynDriver User Manual

In gated mode, the ADC doesn’t acquire data unisl @nabled and the hardware inhibit is de-
asserted. And once start the ADC only stops whiniithibited or disabled.

There are two important configuration parametes®asated to this mode: “average” and
“offset”.

“average” is used for ai records in both polled aaltback cases. It is the number of readings
that the driver uses for averaging calculation.

“offset” is used to determine the start point fatadreturned as refer to the point where the
inhibit is de-asserted. If “offset” is positive gtlsollecting point starts from the “offset” and til
the end of the gated period. If “offset” is negatithe collection starts from the gated end point
and take “offset” number of data backwards.

Returned data can be either integer or floatingder data is the raw ADC value and floating
data is converted to voltage value (-10V ~ +10%hi@ case of 8401).

Configuration example (in the start up script)

HHUHHHHHHHHH I
#int Hy8401i pAsynlnit(char *portNane, int vrmeSlotNum int ipSlotNum int

# vector Num int sanples, int average, int offset, int scanMde, int

# cl ockRate, int extd ock, int fastADC)

# ARGS: vneslot=3, ipslot=1, vector=10, sanpl es=10000, average=50, offset=0,
# scannmode=2( gat ed), cl ockrate=13(20kHz), extclock=0(no), fastADC=0(
# MCA and EPI D)

Hy8401i pAsynl nit ("nyasynport1", |PAC3, 1, 10, 10000, 50, O, 2, 13, 0, 0)

Constrains

» For gated mode, the ADC starts acquisition fromviéry beginning but it doesn’t
transfer data to the memory hence doesn'’t servee®hgS records. At start, the user
needs to make sure that the hardware inhibit sigresserted. It would otherwise
populate the records once it is enabled.

» “offset” must be less than 64K.

» If “average” shouldn’t exceed 64k.

At runtime for both polled and callback ai records:

Assuming at a certain point after the gate ope@#MDC has collected “N” number of
readings.

* Inthe case of a positive “offset”

o If Nis less than “offset”, averageOverflow flagsist. Also if N is less than
“average”, all data collected as far is used toh#oaveraging. If N is greater than
“average”, the most recent “average” number of iregalis used.

o If Nis greater than “offset” and (N - “offset”) greater than or equals to
“average”, the most recent “average” number of iregalis used for averaging
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and averageOverflow flag is cleared. If not, the@\alues starting from “offset”
to N is used for averaging and the averageOverflagis set.
* Inthe case of a negative “offset”

o If N is greater than absolute “offset” value, iv&aage” is also greater than
absolute “offset” value, most recent “offset” reagh will be used for averaging
and the averageOverflow flag is set. If “averageless than absolute “offset”
value, most recent “average” number of samplesheilused and the
averageOverflow flag is cleared.

o If Nis less than absolute “offset” value, average@ow flag is set. If N is less
than “average”, all data collected as far is ugediat the averaging. If N is greater
than “average”, the most recent “average” numbeeadings is used.

For both callback and polled waveform records:

Assuming at a point or at the end of the gate tB€ Aas collected “N” number of readings.

* In the case of a positive “offset”
o If Nis greater than “offset”, (N — “offset”) sarmgd are returned starting from
“offset”.
o Otherwise all data collected is returned.
* In the case of a negative “offset”
o If N is greater than absolute “offset” value, “@tSnumber of samples are
returned starting from N + “offset” (note here ‘sdt” is negative).
o Otherwise all data collected is returned.

Record examples
Same as continuous mode. Please refer to preveations.
Operation sequence

* When using the gated mode, the user needs to be &ved at the very beginning the
inhibit input on the front panel of 8002 shouldlbgic low (0). This results in the inhibit
bit asserted and prevents the ADC values from ngito the memory or populating to the
records.

* The configuration routine sets up the ADC to cambis acquiring (with EX bit set to 0)
but not writes to the memory until the ADC is ersbl

* When “enable” command is set, the software inh#bie-asserted but the ADC is not
writing to the memory until the hardware inhibitds-asserted.

» Once the hardware inhibit is de-asserted (the fpanel inhibit signal goes high to logic
1), the acquired data is written to the memory r@eords get populated until the
hardware inhibit is asserted again or the ADC ssidied.

* When and only when the hardware inhibit signakiseated again, the writing to the
memory stops. The driver fires the asyn notifiaafior records subscribed (with SCAN
field set to 1/O Intr).

* If “re-enable” is not set, further hardware inhibé-assert will not start the acquisition
writing to the memory unless a new “enable” commigndsued. If “re-enable” is set,
any hardware inhibit de-assertion will start thquasition writing to the memory again.
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* To disable the ADC from writing data to the memagt “enable” to O.

Notes

» Hardware inhibit de-assertion will not start the @riting to the memory unless it is
enabled.

» Before the first hardware gate open, the data mgair polled records has no meaning
(random). After the first gate open, all readingg/ghe same until next hardware gate
opens.
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5. Online Setting Changes

Some of the settings can be altered at runtimes iBho suit the needs of online re-configuration
without issuing a system reboot. Obviously somthefruntime changes will software reset the
ADC which means the current acquisition will bepgied and restarted.

Whenever a runtime change occurs, an asyn calisaggnerated to notify whoever monitors
these changes. This notification is done by thela$$2 interface. Please see late explanation.

In addition, when changing the ADC scan clock ratether callback is generated by
asynFloat64 interface to return the scan intervakicond for MCA and EPID records.

5.1. Set Clock Rate

Description
This is the simplest online setting change. It $ynghanges the ADC clock rate without stopping
and re-starting the ADC. The only thing will beedfed is the speed of acquisition that becomes

either faster or slower which will subsequentlyeatfthe timing of completion for continuous
and trigger mode or more/less data for gated mode.

I mplementation
The function is implemented by asynInt32 interface.
Record example

record(longout, "$(P):CLOCKRATE:OUT") {

field(DTYP, "asynint32")
field(OUT, "@asyn($(PORT) 0) SETCLOCKRATE")

5.2. Set Internal/External Clock — will stop/start ADC

Description

This will change the clock source either from intdror external. Issuing this command online
will stop/start the ADC. After the re-start, the SQwill be either enabled or disabled according
the enable state before the change.

I mplementation

The function is implemented by both asynInt32 asyh&Iint32Digital interfaces.

Record example

asynint32 record example
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record(longout, "$(P):EXTCLOCK:OUT") {
field(DTYP, "asynInt32")
field(OUT, "@asyn($(PORT) 0) SETEXTCLOCK")

}

asynUInt32Digital record example
record(longout, "$(P):UINTEXTCLOCK:OUT") {

field(DTYP, "asynUInt32Digital")
field(OUT, "@asynMask($(PORT) 0, 0x1, 1.0) SETEXLOCK ")

5.3. Set Mode — will stop/start ADC

Description

This command changes the operation mode at runfifvie.will cause a major change of the
ADC operation hence it will stop the ADC and resébther settings such as interrupt
mechanism etc.

After the change, the ADC goes back to its ingialte as per the mode plus it has to be enabled
and/or re-enabled to be able to use it.

I mplementation
The function is implemented by asynInt32 interface.
Record example
record(longout, "$(P):MODE:OUT") {
field(DTYP, "asynInt32")

field(OUT, "@asyn($(PORT) 0) SETMODE")
}

Note, the mode value can be:
0 — continuous mode

1 — trigger mode
2 — gated mode.

5.4. Set Samples — will stop/start ADC

Description

Setting samples at runtime affects continuous aggder mode only. It has nothing to do with
gated mode. Changing this will stop/start the Ad@vould also trigger an overflow check
against the maximum bank size (64k for 1M byte mgmno
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After the re-start, the ADC will be either enabteddisabled according the enable state before
the change.

I mplementation
The function is implemented by asynint32 interface.
Record example

record(longout, "$(P):SAMPLES:OUT") {

field(DTYP, "asynInt32")
field(OUT, "@asyn($(PORT) 0) SETSAMPLE")

5.5. Set Offset — will stop/start ADC

Description

Offset changes at runtime only apply to trigger gated mode. It has nothing to do with
continuous mode. Changing this will stop/startAC. It would also trigger an overflow check
against the maximum bank size.

After the re-start, the ADC will be either enabteddisabled according the enable state before
the change.

I mplementation
The function is implemented by asynInt32 interface.
Record example

record(longout, "$(P):OFFSET:OUT") {

field(DTYP, "asynInt32")
field(OUT, "@asyn($(PORT) 0) SETOFFSET")

5.6. Set Average

Description

Changing average affects ai records only but famades. This will not stop/start the ADC. It

will not trigger an average overflow check sincis theck is done every time when the ai data is
calculated.

I mplementation
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The function is implemented by asynint32 interface.

Record example

record(longout, "$(P):AVERAGE:OUT") {
field(DTYP, "asynint32")
field(OUT, "@asyn($(PORT) 0) SETAVERAGE")

5.7. Asyn Callback for Setting Changes

Description

As mentioned before, whenever there is a settiaggé online, the asynint32 interface will
generate a callback to notify the user the chahigese settings include clock rate,
internal/external clock select, mode, samplesgbfimd average etc.

This callback returns the reason enumeration Vifllaeis associated to the setting. The definition
of the enumeration is:

typedef enum{

[* Write commands */
hy8401SweepData = 0,
hy8401Data,
hy8401ScanPeriod,
hy8401SetAverage, -3
hy8401SetSample, -4
hy8401SetMode, -5
hy8401SetOffset, -6
hy8401EnableState,
hy8401SoftTrigger,
hy8401ReEnableState,
hy8401ClearBuffer,
hy8401SetClockRate, -11
hy8401SetExtClock, -12

/* Read commands */

hy8401AverageOverflow,

hy84010verflow,

hy8401BufferCount,

hy8401GateTriggerState,

hy8401Support,

hy8401 MAX_COMMANDS, /* must always be last! */
} hy8401 cmd_enum;

Note, only highlighted items will be returned

I mplementation
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The function is implemented by asynint32 interface.

Record example

record(longin, "$(P):CHANGEMONITOR:IN") {
field(SCAN, "I/O Intr")
field(DTYP, "asynInt32")
field(INP, "@asyn($(PORT) 0) SETSAMPLE")
}

Note, the monitoring reason (“SETSAMPLE” as in theexample above) can be any of the
reasons mentioned in the description. Regardless vain one is specified here, the driver
returns the real command enumeration value.

When changing ADC clock rate, it will generate dreotcallback for asynFloat64 records when
its reason is set to SCANPERIOD. This returns ti@sing interval in second. This callback is
for MCA and EPID records.
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6. Online Command

Few commands have been implemented which allowske to control the ADC operation
stop/start or software trigger for example. Thes@mands are implemented by both asynint32
and asynUInt32Digital interfaces. Both functionaety the same. Actually the
asynUInt32Digital interface calls asynIint32 to tle teal job. It is designed for backwards
compatibility.

6.1. Enable/Disable ADC

Description

This command as it says enables or disables the IARE cases. It is the same command for all
modes. The ADC will be only in operation (eithentiouous or can be triggered or can be gated)
when it is enabled. For trigger and gated mods,dbmmand works only once unless the re-
enable state is set.

I mplementation
The function is implemented by both asynInt32 asyh&Int32Digital interfaces.
Record example
By asynInt32 interface
record(longout, "$(P):ENABLE:OUT") {
field(DTYP, "asynInt32")

field(OUT, "@asyn($(PORT) 0) ENABLE")
}

By asynUInt32Digital interface

record(bo, "$(P):UINTENABLE:OUT") {
field(DTYP, "asynUInt32Digital")
field(OUT, "@asynMask($(PORT) 0, 0x1, 1.0) ENIAB')

6.2. Re-enable for Trigger or Gated Mode

Description

This command sets the re-enables state of the Aig@ation. It only applies to trigger and gated
mode. Once it is set, further trigger (for triggende) or inhibit de-asserted (for gated mode) will
initialise another data acquisition. If it is net sthe further trigger or de-assertion will onlgnk
when there is “enable” command being issued bdfat
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I mplementation
The function is implemented by both asynInt32 asyh&Int32Digital interfaces.
Record example
By asynInt32 interface
record(longout, "$(P):REENABLE:OUT") {
field(DTYP, "asynint32")

field(OUT, "@asyn($(PORT) 0) REENABLE")
}

By asynUInt32Digital interface
record(longout, "$(P):REENABLE:OUT") {

field(DTYP, "asynUInt32Digital")
field(OUT, "@asynMask($(PORT) 0, 0x1, 1.0) REEBLE")

6.3. Software Trigger ADC

Description

Software trigger only applies to trigger modesilthe software trigger to start the ADC as
compare to the hardware trigger though it doestxtiee same thing afterwards.

Note, software (same as hardware trigger) will notrigger the ADC unless the ADC is
enabled

I mplementation
The function is implemented by both asynInt32 asyhdJInt32Digital interfaces.
Record example
By asynInt32 interface
record(longout, "$(P):SOFTTRIGGER:OUT") {

field(DTYP, "asynint32")
field(OUT, "@asyn($(PORT) 0) SOFTTRIGGER")

}

By asynUInt32Digital interface

record(longout, "$(P):UINTSOFTTRIG:OUT") {
field(DTYP, "asynUInt32Digital")
field(OUT, "@asynMask($(PORT) 0, 0x1, 1.0) SORIGGER")

}
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6.4. Clear Buffer

This command is not implemented in Hytec 8401 asiuaD.
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7. Online Status Querying

ADC operation status can be queried during runtifimés includes the overflow, average
overflow, gated/trigger mode state and driver supgptc.

7.1. Query Overflow State

Description
Overflow flag is checked and set whenever one efttlowing actions is taken.

» ‘“samples” + “offset” exceeds memory bank size f@gger mode when setting “samples”
either at runtime or during the init.

* ‘“samples” + “offset” exceeds memory bank size fagyger mode when setting “offset”
either at runtime or during the init.

* ‘“samples” exceeds memory bank size for continuoodeeither during runtime or init.

Note, gated mode doesn’t have this check since tleeis no way of knowing either the gated
period is too long (exceeds 64k) at the moment.dbuld be improved though by the upper
conversion memory has been filled interrupt. This Beds more logic and can be discussed
later.

I mplementation

The function is implemented by both asynint32 asyhdJInt32Digital interfaces.
Record example

By asynInt32 interface

record(longin, "$(P):OVERFLOW:IN") {

field(SCAN, "1 second")

field(DTYP, "asynint32")

field(INP, "@asyn($(PORT) 0) OVERFLOW")
}

By asynUInt32Digital interface

record(longin, "$(P):UINTOVERFLOW:IN") {
field(SCAN, "1 second")
field(DTYP, "asynUInt32Digital")
field(INP, "@asynMask($(PORT) 0, 0x1, 1.0) OVHEOW")
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7.2. Query Average Overflow State

Description

Average overflow flag only applies for ai recorttss checked and set whenever one of the
following actions is taken.

» During set up time, for continuous mode if the ager setting is greater than 64k.

» During set up time, for trigger mode if the averagéting is greater than “samples” +
“offset”

» During set up time, for gated mode if the averagjérgy is greater than 64k

* During runtime (for both polled and callback rec)rdor gated mode if the “offset” is
positive and the average is greater than the nuofleamples collected minus “offset”

» During runtime (for both polled and callback res)tdor gated mode if the “offset” is
negative and the average is greater than the nuofilsamples collected.

I mplementation
The function is implemented by both asynInt32 asyh&Int32Digital interfaces.
Record example
By asynInt32 interface
record(longin, "$(P):AVERAGEOVERFLOW:IN") {
field(SCAN, "1 second")

field(DTYP, "asynInt32")
field(INP, "@asyn($(PORT) 0) AVERAGEOVERFLOW")

}

By asynUInt32Digital interface
record(longin, "$(P):UINTAVERAGEOVERFLOW:IN") {
field(SCAN, "1 second")

field(DTYP, "asynUInt32Digital")
field(INP, "@asynMask($(PORT) 0, 0x1, 1.0) AVEBREOVERFLOW")

7.3. Query Gated/Trigger State

Description

For gated and trigger mode, the ADC could be ina@fitbe three operation states: waiting for
trigger or inhibit asserted, triggered or inhib#-dsserted and collecting data and, collecting
finished and data is ready. The user can use adyalcord to read this state out from the driver.

I mplementation
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The function is implemented by both asynInt32 asyh&Int32Digital interfaces.
Record example
By asynInt32 interface

record(ai, "$(P): TGSTATE:IN") {
field(SCAN, "1 second")
field(DTYP, "asynInt32")
field(INP, "@asyn($(PORT) 0) GATETRIGGERSTATE")

}

By asynUInt32Digital interface
record(mbbi, "$(P):UINTTGSTATE:IN") {
field(SCAN, "1 second")

field(DTYP, "asynUInt32Digital")
field(INP, "@asynMask($(PORT) 0, 0x3, 1.0) GAT®GGERSTATE")

7.4. Query Driver Support

Description

Driver support returns a bit mask showing what fioms are supported by AsynDriver. These
bits are:

* Bit 0 — gate mode support
e Bit 1 — trigger mode support
» Bit 2 — trigger mode negative offsets support

In Hytec IP8401 case, only the first two are supabat the moment hence a value of 0x03 will
be returned whenever there is a request.

I mplementation
The function is implemented by both asynInt32 asyh&Int32Digital interfaces.
Record example
By asynInt32 interface
record(longin, "$(P):SUPPORT:IN") {
field(SCAN, "1 second")

field(DTYP, "asynint32")
field(INP, "@asyn($(PORT) 0) SUPPORT")
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}
By asynUInt32Digital interface

record(longin, "$(P):UINTSUPPORT:IN") {
field(SCAN, "1 second")
field(DTYP, "asynUInt32Digital")
field(INP, "@asynMask($(PORT) 0, 0x7, 1.0) SWUHFT")
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8. MCA and EPID Record Support

The Hytec IP8401 asynDriver also supports MultiGlemnalyser (MCA) and EPID, the fast
feedback control records.

This asynDriver provides 8 channel simultaneoudDdCAvalues after each conversion via
asynInt32Array interface with the callback notitioa to the FastSweep driver which is used by
MCA records when the asynUser reason is SWEEPDATAI{ the enumeration).

The data returned is 8 channel raw values wittbcation but not averaged.

The driver also provides a callback which retuimesgcan period in second whenever the
scanRate is changed. This is implemented by theFsgt64 interface with asynUser reason of
SCANPERIOD.

For EPID support, after each conversion, any oBtlsbannels can return its calibrated raw data
in floating data type to the EPID record. Againstialue is not averaged. This is implemented
by asynFloat64 interface in callback notification.
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9. Report Interface

The report interface returns information aboutdhieer and the hardware it supports.

If the “details” argument is less than 1, it retbasic information such as port name, VME slot
number, IP slot number and register base address et

When the “details” argument is greater than letiims the above basic information plus
statistics of both successful and failed callbaaks clients’ information whoever uses asynint32,
asynint32Array, asynFloat64 or asynFloat64Arragiifasces etc.
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