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SIS Mixer Measurement Software Design Version 1.40

1. Introduction

This document provides software requirements, design concepts, and implementation details for the SIS mixer
measurement system.

2. Software Requirements

2.1 Measured Parameters

The following shall be measured and recorded in a database:

1. Biasvoltage

2. Biascurrent

3. Magnet current

4. LO frequency

5. LO power

6. Standard deviation of bias current (used to determine when instabilities occur).
7. Ambient temperature

8. 50K stage Dewar physical temperature
9. 20K stage Dewar physical temperature
10. Dewar hot load physical temperature
11. Dewar cold load physical temperature
12. Mixer sideband rejection ratio

13. Noise power when mixer observing hot load

14. Noise power when mixer observing cold load

15. Noise power from IF amplifier switched to hot load

16. Noise power from IF amplifier switched to cold load

17. Noise power from IF amplifier switched to open circuit on input

18. Noise power from IF amplifier switched to short circuit on input

19. Noise power when three different noise levels are injected toward mixer output.
20. Noise power when same three noise levels are injected toward |F amplifier input.

2.2 Calculated Parameters

The following shall be calculated and available for data output

Receiver DSB noise temperature

Mixer DSB noise temperature

|F amplifier noise temperature

The mixer DSB noise temperature is calculated by plotting mixer noise temperature vs. receiver noise temperature
using three different noise powers injected towards I|F amp input. The y-intercept of this plot gives the mixer noise
temperature, and the slope of this line gives the mixer loss. The R® value of the linear regression should be greater
than 99.9.

Ea AN

2.3 Manual Operation Required

Hardware and software must be designed to permit the operator to manualy change the parameters of all
measurements.
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2.4 Optimum Bias Point

The I-V routine shall search the following parameter space to find the volume containing the optimum noise
temperature:

1. Biasvoltage

2. Biascurrent

3. Magnet current

4. LO power

5. IF Freguency
The optimum volume in this multi-dimensional space is defined as that region with the lowest possible noise
temperature consistent with a stable bias voltage and current, which is determined by the suppression of Josephson
effects. A limit on the standard deviation of the bias current shall be used to determine the acceptable range for the
optimum.

2.5 Reporting Requirements

2-D Plots shal consist of

1. Biasvoltage vs. bias current with LO power as a parameter

2. Biasvoltage vs. bias current with magnet current as a parameter
3. Mixer and receiver noise temperature as a function of frequency

3-D Plots shall consist of

1. Biasvoltage vs. bias current with arange of LO powers as a parameter

2. Biasvoltage vs. bias current with arange of magnet currents as a parameter

3. Receiver noise temperature as afunction of frequency with bias voltage as a parameter

3. Software Design

Good design methodology dictates that the following code elements should be separated:

1. Userinterfaces
2. Database routines
3. Busnesslogic

The software is partitioned into two separate functions, measurement software, which acquires the data and writes it to
a database, and data analysis software, which retrieves the data from the database and provides plotting and other
analysistools. Figure 1 shows how the measurement and data analysis routines separately interact with the database.
This software is written in Excel using Visual Basic for Applications, which alows significant code sharing with the
measurement routines written in Visual Basic. For example, the database classes will be essentialy the same for both
programs.

3.1 Measurement Philosophy

The measurement system shall first determine the optimum bias point (for a particular LO frequency) and then
measure the |-V curve corresponding to that bias point.

3.2 Architectural Schema

The software is designed using the genera architecture outlined below and shown in Figure 1
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Low-level (e.g. instrument control) routines are coded in stand-alone Visua Basic.
Data are stored in an Access database file on shared NT server.
The data are retrieved from the database and plotted and analyzed using Excel via add-ins written in Visual Basic for

Applications.

3.3 Stand-Alone Visual Basic Program Architecture

Stand-alone Visua Basic (VB) alows programs to be written as self-contained executables, which is the form used for
the |-V data acquisition program. VB aso provides for the creation of “Active-X” dynamic link libraries, and that
code form is used for the instrument drivers for the noise temperature measurement.

3.4 Visual Basic for Applications Program Architecture

Visua Basic for Applications (VBA), included with Excel, alows for the construction of functions and subroutines
that can be executed directly from Excel. VBA routines can be pre-compiled and stored as an “add-in”, which is
essentialy a dynamic link library. One advantage of add-insis that they can be loaded each time Excdl is started, and
the functions available from the VBA code are obtained from menus also written in VBA. A disadvantage is that add-
ins must reside in the Excel library directory, which is on the users local drive, which complicates software updates.

VBA aso provides the means to cal routines stored in dynamic link libraries, and that capability is used to call
instrument drivers, which are written in VB as an Active-X DLL.
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Data Acquisition Routines:
Stand-alone Visual Basic

Measurement Dialog ¢
fmMainintf

Data Collection Dialog Temperature/Pressure
fmBiasMeasData Dialog
fmTempMon

btTempMon_Click()
btTakeData_Click()

Databaser€ode:

gand-alone Visual Basic and Visual Basic for Applications (same code in both)

CDataAccess Access
Database File
m_sDat abaseDi r Tables: \\eagle\cv-cdl-sis
m_sDat abaseFi | eNane PressTemp \MeasSys\Data\sis97a.mdb
. SettingsActual
Initialize() Meas

bRet ur nRecor dsToArra .
vO) SISMixer

bl nsert Record()

Data Analysis Routines:

Excel (Visual Basic for Applications

Data Retrieval Dialog
fmTestSelection

Bias Data Grapher

btGetData_Click()

btPressTemp_Click()

Temperature
Grapher

Figure 1: Overall Software Architecture

4. Measurement Subsystems

There are two major software components. The |-V plotter and the noise temperature measurement system as detailed
in the following sections.
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5. Overall Block Diagram

Figure 2 contains the overall block diagram for the noise power routines (incomplete).

Select Row
(Frequency) for
Measurement

l CSISDevice

|Get Mixer Bias|

DDE

CNI16Anin |4—|CStdDeviation

RF Measurement:

|Get Hot Load Noise Power | 4—

!

|Get Cold Load Noise Power|

IF Measurement:

|Get Hot Load Noise Power |

|Get Cold Load Noise Power|

Figure 2: Overall Block Diagram for Noise Temperature M easurement Routine

6. Data Acquisition

7. Measurement Routines
Two steps are used for the measurement routines:

1. First, mixer and measurement description information is entered into a dialog box.
2. Next, adata acquisition dialog box actualy acquires and provides a simple, run-time plot of the data.

The measurement description dialog box allows the user to review previous measurement descriptions in addition to
entering information about new measurements. Data input for new measurements is simplified by using drop-down
boxes for each data field, which alow the user to select an input from a list comprised of all previous entries for that
fied.
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The MSHFexGrid Control fgrdSweepParms displays the sweep parameters. This grid is control from the class
CsweepGrid. The ADO data control was not used to control this grid because that control shows all the data. In
addition, the database is not updated through the ADO control when changes are made to the flex grid.

Figure 3 shows the measurement description dialog box, and its inputs are defined in Table 2.

7.1.1.1.1 Measurement Parameters Control

This control is responsible for displaying and updating the measurement parameters, such as bias voltage range, LO
power range, €tc.

When the change cell is clicked, another dialog box is presented that allows the user to select either to sweep the
parameter or hold it constant during the measurement. If the parameter will be swept, than the change dialog box
allows the user to change the range and step size for the sweep.

The parameter that is swept the most frequently is located at the top row of the control.

Future Enhancements:
1) Those parameters that are to be swept are moved to the top of the contral.
2) The user can change the valuesin the individual cells without clicking on the Change cdll.

7.1.1.1.2 Temperature Strip Chart

This routine records to the database temperatures, pressures, and flow rates and also plots this data. Figure 10 is the
flowchart for the normalization routine, which maintains the data between preset limits.
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Get
t Get sweep
Get mixer ID measuremen parameters from
records from — .
records from tables Fill dialog box with
table ;
table SI S SweepPar anet er s mixer data
MeasType
M xer (and and
SweepPar anNames
ot hers)
ActiveX Control ActiveX Control
MixerIDGrid: MixerIDGrid: Control
fgrdM xer | D f gr dveas f gr dSweepPar ns Manages Grid control
and dB interface
t T r'y
Y
ActiveX DLL
Mixerdb: «————| CSweepParameters
M xer DB

Disable all data controls,
Yes—p including bt TakeDat a. —
Enable bt NewMeasur enent

easured IV data
already exists?

No

Y

Enable IV-Curve
measurement button
bt TakeDat a

Show Mixer Dialog box :E
frmvai nl nt f

SIS Mixer Software |Edit Date: 2000-6-6 14:19
IV Measurement Program Flow

Page 1 of 1 |Rev: 0 Creator: jee
File: Design.doc National Radio Astronomy
Observatory
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Table2: Measurement Description Dialog Box Entities

Entity Description
Buttons:
New Measurement Updates the measurement date to the current time and clears
the other input boxes
Start Data Acquisition Updates the measurement record in the database, if required,

with the information from this didog box, and displays the
measurement dialog box.
Previous, Next, Last, and | These buttons provide a means of navigating through

Delete records previous measurements in the database

Get Database Engine | Returns version information about Microsoft's database

Version engine, which is the program that actualy accesses the
database.

Quit Returns al test equipment from remote to loca control, and
ends the program.

Text boxes.
Measurement Date The current date and time is automatically entered when the

“New Measurement” button is pressed

Drop-down boxes:

Device ID Allows sdlection of a previoudly used device ID, after which
the dialog box will display the information entered for this
device ID.

- Or’ -

Allows a new device ID to be entered

Measurement type Allows selection of a previous measurement type.

- Or -

Allows a new measurement type to be entered

Measurement by Allows sdlection of the name or initias of the person who
previoudly performed a measurement.

- or -

Allows a new measurement type to be entered

Notes Genera notes of unlimited length can be entered into this
box.
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i, 515 1Y Measurementz Yerzion 0.92f [1999-05-24]
Miwer Inka
Date Entered Motes
m |1993-05-21 11:56:07 =] N Miser
“q h Device |0 | EEER IR R =] =
L Cuit
] 42681717 R |M
—Measuremn.anl Infa Test Date Initials
Select Mixer and measure
% Miger 1 ¥ | Biaz Cument Blar Setip I |1999'05'21 15:58:50 IDK;‘JEE j Higsurement
Diezcripti
" Miner 2 T Mizeroze Temp |FERESER I ILINK ol J ——
- art Data
# of Junctions | IE Fawer ot Setup | Meas Type Acouizition
= [1vs (Stepping LO Pwr) =] [ Hardnare
Mates
DKAEE ﬂ Shawihieas
Delete Meazurement Record | Wt
Data Record Count:
| 1000 ([0 010 B M I Database Info
[r1e s . Stored Setups
— Stepping Drder—|
< - host Least - II:'EED'T":"jI ]v
L Mine M H of Step
1 2 3 4— I S Lewvels Size: . t
¥ Bizzollage L s (N |-E|_|j[||3 |3|:| |5E||j |3|:| Change | SIPEREISS
I L0 Frequency Fixed LO Frequency [GHz]: IgD
¥ L0 Fower g [ O el |[| |2[| |2 |2[| Change I
I | Iaanet Eumrent | Fixed Magnet Current [ma): Ig

Figure 3: User Interfacefor 1-V measurement input

After entries in the measurement description dialog box are completed, pressing the “Start Data Acquisition” button
brings up the data acquisition dialog box. Figure 4 shows the data acquisition dialog box with inputs defined in Table

3.
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Table 3: Data Acquisition Dialog Box Entities
Entity Description
Buttons:
Init GPIB Initializes the instruments
Take Data Commences data acquisition
Reset Instrument Returns the equipment to local mode
Print Graph Prints the real -time graph
Print Dialog Box Prints the entire dialog box
Quit Returns control to the Measurement Description Dialog Box,
Figure 3.
Text boxes:
Number of Readings Sets the number of power meter measurements to be taken
during one acquisition phase
Check boxes:
Store Data in Database When checked, data are stored in the measurement database.
If not checked, data are plotted but not stored, which alows
a preliminary results check prior to measuring and storing
final data.
Rea Time Plot When checked, results are plotted point-by-point. That option can
significantly slow the rate of data acquisition. When unchecked,
results are plotted after all data has been acquired.

i, Bias Measurement [515 1-¥ Measurements Yersion 0.92f (1999-05-24])

Biaz Paint Record

MNumber of readings ! . it
Yoltkage: s measure?:l: Biaz Point B
C I
Hiren Fauze Frint Graph
Restart Print Farm
Mixer Bias Data
200
1480
Bias Currant ’ v 200
{uA) 100
a0
n.o
0
i ] 10 15 20
Bias Yoltage {m)

Figure 4: Dialog for Data Acquisition Routine
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Show splash . .
Run program screen Init mixer dialog
Bi asMeas. exe box f r mvai nl nt f
frnBpl ash

L

Get mixer measﬁﬁstmem - .
Datab records from ds fi Fill dialog box with
Query Database table SI' S recotraslerom mixer data
M xer MeasType

Disable all data controls,
Yes—w including bt TakeDat a. o
Enable bt NewMeasur enent

already exists?

No

b

Enable IV-Curve
measurement button
bt TakeDat a

Show Mixer Dialog box Y
f rmvai nl nt f

A
VA‘

Add empty
measurement
record

Copy current setup data
to database record

bt NewVeasur enent

Show splash

screen of A
frnpl ash

bt St ar t Dat aAqui si tion

SIS Mixer Software |Edil Date: 1999-11-8 09:36
IV Measurement Program Flow

Page 0 of 1 |Rev: 0 Creator: jee
File: Design.doc National Radio Astronomy
Observatory

Figure 5. Measurement Program Flow
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Figure 6: Main IV Measurement Program - Dialog Box Widget Description
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Program flow for the main data acquisition loop is shown in Figure 8. The flow diagram is entered on the upper |€eft of

the page with the “Take Data’ button that has the name bt TakeDat a. The shaded boxes represent important classes in
the program that are described in Table 4. Although presenting the classes in this manner complicates the paths in the
diagram, it helpsto highlight the functions of each class.

Table4 : Classesused during Main Data Acquisition L oop

Class Name Description
CBi as This represents the mixer bias supply, and is responsible for mapping a specific
mixer to an analog channel.
CDat aAccess This is the main generic database handler. Specific recordsets are retrieved by
initializing the class with a set of constant parameters.
CdbSt or eDat a This“child” of cdat aAccss is a specific database handler that maps field names to

generic names for use by the program. The field mapping is a function of the type
of measurement, which is passed to the class as a parameter of bini t .

Note that two instances of this class are instantiated into objects. one is used to
save the bias point data, the other to store the swept measurement data.

ONI 16AnQut This represents the analog card used for outputting the commanded mixer bias
voltage. This class really should be encapsulated into CBi as.

CNoi seAnal Encapsul ates the code required to calculate receiver and mixer noise temperatures.

CSl sDevi ce This class holds the characteristics of the SIS Mixer device, such as the

commanded bias voltage, which is a function of the measurement loop index and
the number junctions in the device.

CSpecAnal Sets the IF frequency of the measurement by controlling the frequency of the
spectrum analyzer with it’s IF output connected to either the square law detector or
the power meter.

CTrgSqr Law Responsible for controlling the chopper wheel and returning noise powers (as
measured by the square law detector) when the receiver sees the hot and cold
loads.

The main measurement loop is highlighted with bold lines. Some important functions are omitted from Figure 8 for
clarity, such confirming that measurement records don’t already exist for this measurement.

A typica program flow begins with entering the flowchart from circle B when the user presses the button named
bt TakeDat a on the form. Since no mixers have been measured, the methods penRecor dset and bRecor dCopy are
run. Cdat aAccess. bRecor dCopy copies the current measurement records to a new record, to simplify data entry, since
users often change just a single entry on the measurement form. Next the chart is reset, then CdbSt or eDat a. bl ni t
maps specific field names in the database tables to generic field names used by the program. Any previously measured
bias point data is then stored by CdbSt or eDat a. St or eDat a, and the bias point is plotted by the graphing class. The
measurement time is updated in the current record by the Cdat aAccess class. The required number of measurement
steps is obtained from the routine | Get Tot al MeasSt eps in class Sl Sbevi ce, which also returns the number of bias
steps required per scan (A scan is a bias sweep with the parameter value constant, such as when the pump power
remainsat 1 uW). If the dataareto be stored in a database, then cdbst or eDat a. bl ni t is called using another object to
allow the swept bias data to be stored. Control is then passed to CBi as. bl ni t, which maps channels of the analog card
to a particular bias supply.
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Now the main measurement loop is entered by incrementing the measurement counter, which is immediately checked
to see if its limit has been reached. A check is then made to confirm that the pause button has not been pressed, then
the bias voltage required by the bias supply is found in the routine SI SDevi ce. nVCndToBi asBox. A check is next
made to determine if the parameter limit has been reached, which is true when the measurement count is a multiple of
the number of steps per scan. Next, the desired bias voltage is sent to the bias supply (CBi as. bwi t eBi as) and the
resulting bias current is read by CBi as. bReadBi as).  The class CQweas is responsible for reading the dependent
parameters, such as noise temperature and the results are stored using the routine CdbsSt or eDat a. St or eDat a.  Finaly,
the graph array is updated with the newly measured data. To maximize performance, the graph is not updated until a
parameter limit has been reached.

The important module MeasureResul ts, highlighted in bold in Figure 8 near the title block, is responsible for
selecting the test equipment required to perform the measurement and is responsible for filling the graph array with
data. MeasureResul ts program flow is charted in Figure 9. The class CTrgSqrLaw is responsible for controlling
the chopper and returning the hot load and cold noise powers (this module currently returns only the Y -factor, so
additional coding is required to return the individual average noise powers). CSpecAnal , the spectrum anayzer
instrument class, controls the measurement frequency. A new class, CNoi seAnal , caculates both receiver and mixer
noise temperatures given the measured noise powers.

The mixer temperature calculation requires replacing the mixer’s IF output with a hot and cold load and measuring the
resulting noise powers. In the case of the integrated mixer/amplifier design, this will measure the noise temperature of
the warm IF plate, referred to a reference point inside the Dewar. For mixers without integrated amplifiers, this
measures the noise performance of the IF amplifier located in the Dewar.

It is unclear how frequently the IF amplifier noise performance should be measured, but initially it will be measured
once a the beginning of a measurement scan, and whenever the IF frequency is changed. Measuring this too
frequently can significantly sow the results, because hundreds of milliseconds are required to reliably switch the
Radiall coax switch to each switch position. Since these measurements only determine the optimum operating point
and not absolute noise temperatures, this approach seems like a reasonable time vs. accuracy tradeoff.
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Figure 8: Program Flow for Main Measurement L oop
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Figure 10 shows the program flow for scaling the temperature strip chart data. The temperature strip chart presents
challenges for graphing because the temperature, pressure, and flow rate data can vary over alarge range. A series of
arrays are created for each measurement type. Then, the most-recently measured data point is compared to the current
limits of the graph. If the data point is outside the limits of the graph, a scaling factor is calculated for this data point
such that it will lie within the graph limits. The scaling factor is compared to the previous scaling factor: If they differ,
the data in the array corresponding to the current measurement is rescaled with the most recent scaling factor.

The straight-forward plotting function is performed outside the flow chart.
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Figure 10: Data Scaling Routine for Temper ature Graphing
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8. I-V Plotter

The data acquisition part of the I-V plotter sends a voltage command to the mixer bias control, reads the resulting
voltage and current, and stores the results in a database. A graphing and data analysis routine retrieves the data from
the database, stores it into a spreadsheet file, and graphs it. There are separate user interfaces for the measurement
routines and data analysis routines.

9. Noise Measurement

10. Architecture
The software is partitioned into two program sets.

1. Routines that directly control the equipment are written as an “Active X” module in the stand-alone Visua Basic
(VB) program.

2. Routines that average a number of measurements from each instrument and test for sufficiently small standard
deviation are written in the Visual Basic for Applications (VBA), which is the version of Visual Basic included
with Excel. The VBA code calsthe Active X routines from Excel.

These routines are diagrammed in the class diagram shown in Figure 12 and Figure 14 as described in the following
sections.
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VBA Objects (Excel Code)

Members of 'CMagCurrent'
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=& m_CHP34401
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E m_cnStdDevlimit

Wembers of ‘CPwrhir'
=% blsStdDevOK

1% hReset

1% Class_Initialize
=% Class_Terminate
=% GoToLocal

&5 m_binit

= m_ciNumReadings
E m_ciNumTries
E m_cnStdDevl imit
& m_CPwrhitrd36

=& m_binit
=5 m_ChAnalln
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=% GetBiasLevels
IFColdLoad
IFHotLoad

=% DecrementCurrentRow

&' m_CStdDev 5 m_CStdDev & m_iNumOfAmpsReadings % iGetCurrentRow
&' m_nMean =5 m_nMean = m_iNumOfvoltsReadings % IncrementCurrentRow |
= m_vReadingBuff =& m_nPowerBuffer =& m_iVoltsChannel & Initinstruments
& nRead =% nGetStdDev =& m_nAmpMean
=% sGetError % nReadPower =& m_n\oltMean = m_Cn_mpM_et er
=% sGetError =& m_vBuffer 2y m—CB!aSM!XEIL?ﬂ
& m_CBiasMixerRight
E& m_CDewarSwitch
IJ| o 3 —
ive X Objects ¢/isua| Basic Code)
. v
Members aof 'CHP34401° Members of 'CHP436' Members of ‘TN BARIN Members of'CMITBEDIgOut!
ES' m_binitialized ES' m_binitialized i3y m_nm_:l_oqanbiect & m_hln_'rtialized = MErbers of CatandardDeviation'
5 m_GPIB B m_b\WwattsMode ES' m_binitialized E& m_bSimulate .
gt m_iError 5 m_GPIE E8 m_bSimulate &' m_DigitalOutOhject S m_binit
' m_sError 25 m_iError E&' m_iError 5 m_iError 5" m_iCurrentCounter
&' m_sStatus E5' m_sError 5 m_sError ] m_sError &' m_iNumOfvalues
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@ m_iDevice_Addr % sGelError -® vRead iGetError
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Figure 12: Class Diagram (1 of 2)
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ﬁ

Members of 'CGFIB'
EE m_hinitialized

& m_iError

EE m_sError

5 m_UnitDesc

=% hGoTolLocal

=% bGoToRemaote

=% hinit

=% hRead

=% hReset

=% hWrite
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=% IGetError
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=% sGetDriverError
=% sGetError
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E m_iBOARD_INDEX
E m_E0S

E m_E0T

E m_iGPIB_SECOND_ADDR
E m_TIME_OUT

Figure 14: Class Diagram (2 of 2)
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Figure 16: Flow Chart for Mixer 1 Noise M easurement Plotter

File: FADOCS\SOFTWARE\SISMEASSY SIDESIGN.DOC

Page 26

Last Saved: 2000-08-14 15:42:00




% SIS Mixer Measurement Software Design Version 1.40

CGraph.blnit

Plot titles and data
range names.

Plot T, vs LO freq

Backshort data
missing?

Yes
v
CGraph.AddYData CGraph.AddYNameList
Add mixer loss data Add labels for each T,
and T _. noise temp data point and plot only
data points

CGraph.AssignGraphData

Generates plot using <
m_Data
Formats plot

Figure 17: Flow Chart for Mixer 1 Noise Measurement Plotter (Continued)
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Figure 18: Flow Chart for Noise M easur ement Dialog Plotter

10.1.1.1.1 Visual Basic Active X Routines
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Parents of the carI B class contain specific functions for each instrument. These include:

CHP34401 — controls the HP 34401 multimeter that measures the magnet current.
CHP436 —controls the HP 436 power meter that measures noise powers of the mixer and IF system.

Interface to Nationa Instrument’s AT-MI10O-16DE-10 anaog interface board is provided through the classes:

CNI 16AnI n — controls the analog ports on the interface board, which reads mixer bias voltage and current.

CNI 16Di gout — controls the digital output ports on the interface board, which set the Dewar switches. This class
contains a number of data members, such asm ci DI @, which are used to define particular 1/O lines using the same
nomenclature as the schematics.

An additional class, cot andar dDevi at i on, computes the standard deviation and contains two routines:

BConput eSt dDev — computes the standard deviation given alist of n data points

BConpar eSt dDev — compares the standard deviation to a threshold and returns Tr ue when the standard deviation is
less than the threshold. This object can be cdled after each measurement (rather than at the end of n

measurements), and returns Fal se until the specified number of data points that are required to compute the mean
has been measured.

All of these routines are contained in an “Active X" dynamic link library, which retains the same programmatic
interface as a norma windows dynamic link library, but includes additional operating system overhead (by using
globally unique identifiers stored in the registry) to provide a form of automatic version control.

10.1.1.1.2 GPIB
The capl B bass class interfaces with National Instrument’s GPIB board software and includes functions such as;

binit — initidlizes the GPIB board for a particular instrument. This routine maps GPIB addresses to “unit
descriptions’, which identify all subsequent calls to the instrument.

bReset —resets all instruments on the GPIB bus.

SGet Error returns a string containing a description of the GPIB error. The error routines tunnel down to the
lowest level routine that returned an error and provide a series of error messages with the message from the lowest
level routine at the bottom of the dialog box.
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For example, the class cHP438 contains methods required to access the HP 438 power meter as shown in Figure 19.
The nread method sends the string required by the HP 438 power meter to return power readings, and returns power
readings as a single precision number.

CHP438
m_sError
m_lerror
m_blnitialized
m_sStatus
m_iDevice_Addr
m_bSimulate_GPIB
nRead()
binit()
Classlnitialize()
Decode438Status()
bReset()
sGetError()
iGetError()

CGPIB
m_UnitDesc
m_sError
m_iError
m_blnitialized
binit()
bReset()
sGetError()
iGetError()
iGetUnitDesc()
bGoToRemote()
bGoToLocal()
Classinitialize()

Figure 19: HP 438 interface to the GPIB Class

10.1.1.1.3 Routines Coded with Excel Visual Basic for Applications

Software written in VBA, like the VB software, also includes classes for each instrument, but the Excdl VBA routines
are written in a more genera way to provide independence from the particular instrument used. Each instrument class
also contains functions and data members to compute the standard deviation and compare it to a preset value. The
VBA routines contain only objects for the standard deviation as well as the comparison code: The standard deviation
class (Cst andar dDevi at i on) is defined in the Active X dynamic link library written in VB.
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The following classes are defined in the VBA routines:

CMvagCur r ent — reads the magnet current.

CPwr M r — reads the power meter.

CBi as — returns bias voltage and current.

Chat aAcqFor m — this object contains routines to initiate reading each instrument and placing the data into the

appropriate cell. Normally, this would be encapsulated in af or mclass, but there are two forms currently available
to alow either maximum automation, or maximum flexibility in data acquisition.

Figure 21 is one of the dialog boxes available from a menu in Excel that is used for mixer data acquisition. The
“Frequency” section increments or decrements the active spreadsheet row, because each row corresponds to a new
frequency, and the current frequency is read from the leftmost cell in the spreadsheet row. The dialog box is designed
so that each time the Enter key is pressed; the button with “focus’ is advanced to the next relevant button. (A button
that has “focus’ activates its associated function when the Enter key is pressed). This simplifies data collection
because the operator needs only to press either Enter key to read the appropriate instrument, store the data on the
spreadsheet, and advance the focus to the next instrument. (At this point, switches must be manually configured for
each measurement, but future enhancements will automate all switching.)

Frequency = 215 GHz I
Frequency —————————— e Mixer Maoise Temps —; — IF Moise Temps —; Fleset Pur Mir
’7 Previous | Mlexk | : ; Hat Load Hat Load
IES=——n =——— u
| Cold Load | Cold Load

Figure 21: Excel Dialog Box for Data Acquisition

10.1.1.1.3.1 Computation of Standard Deviation

When each button in Figure 21 is pressed, the analog board is read 10 times and the power meter is read 5 times, then
the standard deviation is computed and compared to a threshold (currently 0.1 for all measurements). |If the standard
deviation exceeds the threshold, the instrument is reread, and the newest measurement replaces the oldest reading prior
to again computing and comparing the standard deviation. The rereading process is repeated up to 100 times for the
analog board or 10 times for the power meter, after which the program continues by recording the value on the
spreadsheet, and warning the user that the standard deviation exceeds limits. A note is also placed on the spreadsheet
to warn that the standard deviation exceeded limits.
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11. Chopper Wheel Data Acquisition

Hot/cold load power is measured by the square-law detector.

2) Output of square-law detector is routed to analog input on National Instruments analog card

3) A/D converters on the analog card are triggered by pulses from chopper wheel corresponding to hot and cold load
openings in whedl.

4) Software polls analog card until n samples are obtained, then dumps data to memory buffer for averaging and real-
time display processing.
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User interface for
setup

|

Set up analog card
for triggered A2D
conversions

|

Start motor
controller
Plot type? Step Parms—»| Set LO power [—| Step bias voltage — Sti’fj:;%nm
Strip Chart
v

Measure mean
and sdev of noise

Measure mean of

bias voltage and |

current at lowest
bias voltage

\'Ese bias current to indicate
Calculate mean LO power

and sdev of noise
temps

!

Plot results

power

Yes

+

Reset bias voltage

Noise temperature measurement using
chopper wheel

Figure 23: Noise Temper ature M easurement Using Chopper Whesel

File: FADOCS\SOFTWARE\SISMEASSY SIDESIGN.DOC Page 33 Last Saved: 2000-08-14 15:42:00



% SIS Mixer Measurement Software Design Version 1.40

12. Database

Measurement data is stored in a Microsoft Access database file. The tables are designed to minimize data redundancy
by using relationa design concepts as defined in Section “13 Table Relationships”.

13. Table Relationships

To minimize redundancy, data is spread across severa tables as shown in the relationship diagrams in Figure 25 and
summarized in the following paragraphs.

The top-level table (sI s M xer) contains fields that describe the mixer undergoing testing, and related tables contain
details about each measurement. The type of measurement and its associated data is stored in the table MeasType. The
table Meas holds static results, that is, data that doesn’'t significantly change during a measurement. Data that changes
for each measurement is stored in the child tables Data, DependData, and Bi as. The table Data includes the
following fields:

1. Paranet er , which retains the value being stepped, such as magnet current,
2. I ndependent , which holds the independent quantity being changed, such as bias voltage.

The table Dat a is linked to the child table DependDat a, which alows for an unlimited number of dependent data terms.

Bi as is another child table of Meas, and provides the structure required to support an unlimited number of mixer bias

values. The table Bi as is useful when either sweeping the bias voltage given the mixer state defined in Meas, or to
record the bias point of four mixersin the sideband separating, balanced mixer design.

Instrument settings for a particular measurement (such as voltage limits and the number of steps) are stored in two
tables. Thetable Set ti ngsDef aul t contains standard setup values for each type of measurement. The information in
thistable is keyed to the field TypeNumin the measurement type definition table MeasTypeDefs.  The settings actualy
used during a measurement are stored in the table Set t i ngsAct ual , and that table is keyed to the bat a Key field in the
Meas Type table, which allows these settings to be recalled for each measurement. The structure of the actual and
default setting tables are identical.

Figure 20 shows how records are created and tables updated during a typica measurement. A new record is written to
thetable sis M xer whenever new mixer information is entered. Likewise, a new record is written into the table
MeasType Whenever a new measurement is defined for this mixer. When the measurement is actualy started,
parameters that change sdowly, such as LO frequency and IF frequency, are recorded in the table meas while
parameters that change rapidly, such as receiver temperature and bias point, are entered into the generic table Dat a.

14. Temperature Measurement Table

The tables TenpMet ers and TenpSensors provide data on the LakeShore temperature meters and sensor caibration
factors. TenpSensor s contains fields for two types of sensor calibration: Single point and three-point calibrations. The
field Er r or contains the temperature error (in K) for a single point calibration at 4.2K. The value of this field should
be added to the temperature returned by the meter to obtain the corrected temperature. The fields Sensor Units1 to
Sensor Uni ts1 and Tenperaturel tO Tenperaturel respectively store information used by the three-point curve-
fitting routine to calibrate the sensors. The data in these fields should be uploaded into the temperature meter.

File: FADOCS\SOFTWARE\SISMEASSY SIDESIGN.DOC Page 34 Last Saved: 2000-08-14 15:42:00



% SIS Mixer Measurement Software Design Version 1.40

File: FADOCS\SOFTWARE\SISMEASSY SIDESIGN.DOC Page 35 Last Saved: 2000-08-14 15:42:00



%. SIS Mixer Measurement Software Design Version 1.40

Write record to M xer | D table:
—>

Start New Mixer Time, Devi cel D,

v

Add Mixer Notes > \é\;;rtltg re(’:\cl:rc:eto megsl\ht es table:

¢ Write record to MeasType table:
Start New Measurement —» Ti me, Description, MeasType,
Measured by, Notes

v

Add Sweep Parameters

Write record to Sweep Parameters table:
Par anifype, bSweep,

Const ant Val ue, Start, Stop,

#of St eps, StepSize, SweepOrder

\ 4

Measure

Write static data to record in Meas table:
Imag, LOFreq, IFFreq, Temp20K, ...

\ 4

Write dynamic data to record in Dat a
P! table:
Parameter, Independent Value

Write dynamic data to record in
P DependDat a table:
Value

01 | jee |2000-08-15]|Initi al
Rev | Who Date Notes

National Radio Astronomy Observatory

Measur enment Sequence: SIS M xer Measurenent System

Creator: j ee Edit Date: 2000- 8- 15 14: 38

File: Dat abase. doc Rev: 00 Page 0 of 1

Figure 20: Database Records Created During a M easur ement
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olnstrument- oParameters oBiasl olO oMag- olFPlate

Cntl Current -Freq odbMixer

OHP-
34401

I

] |
oBiasN |
: |
|

|

\

binit() bGetRecordset

\ 4

I
|
|
|
|

>+
|

* (for all Sweep Paramejter records)

bGenNextParam() ‘I bStepNextParam()

>

f |
| |
lFASE de— | |
| |
| |
* (for each Sweep Paramfléter Bias record) :
bSet(nVolts) |
»
bSet(nVolts)

Y

bSet(Freq,Power)

bSet()

bSet()

\ 4

* (for all Sweep Paramgter records)

bReadNextParam() ‘I bStepNextParam()
ldl

|
|
|
|
|
|
I
|
|
f
)
|
|
|
|
|
|
|
|
|
|
|
|
|
[
|

FALSE
g FALSE He——
* (for each Sweep Pararr{eter Bias record)
bRead(nVolts, nAmps) |

|
bRead(nVolts, NnAmps)

- -~ )]

bRead(Freq, Power)

Y

bRead()

- __
Y

|
|
|
|
i
|
bRead() !
|
|
|
|
|

\ 4

00 | jee |2000-08-16(Initial
Rev | Who Date Notes

National Radio Astronomy Observatory

I nstrument Setup Sequence: SIS M xer Measurenent System

Creator: j ee Edit Date: 2000- 8- 16 15: 18

File: Dat abase. doc Rev: 00 Page 1 of 1
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y____ |
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|
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By
T Lad

|
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|
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|
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|

[

|

|

bRead()

-y ___

bRead()

»
Commanded IF Freq
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|

00 | jee [2000-08-16(Initial
Rev | Who Date Notes

National Radio Astronomy Observatory

Measur ement Sequence: SIS M xer Measurenent System

Creator: j ee Edit Date: 2000- 8- 16 14: 05

File: Dat abase. doc Rev: 00 Page 1 of 1

File: FADOCS\SOFTWARE\SISMEASSY SIDESIGN.DOC Page 39 Last Saved: 2000-08-14 15:42:00



SIS Mixer Measurement Software Design Version 1.40

Main table holding
each individual mixer

Note inputs for the
mixer on different

Configuration data for
each measurement

description dates.

igure obtained from
Access' Tools/
Relationships menu

KeyInMixerhaotes KeyInSettings
Date ParamType Twpehum
‘[Device ID a Mame Constantyalue Marme
KeyInMxerID Mates Startyalue Marneshort
StopYalue Units
MumCFSteps
Stepsize
Each mixer can have a KevInMeasType SwieepOrder
number of measurements
as defined in this table KeyiMeas
DateTime 1
Descripkion This allows bias poilntg, to
Meas Type whichMix et be recorded for gnllmlted
Measured by MumOF Iunckions number of mixers
Mokes RealTimePlat
Graphioltagescale Rapidly changing data (e.g.
Description Graphampsscale bias voltage/current, noise
Independentiar Makes temperatures) stored here
Indep¥arlnits Key
MurnOFDependentyars Inde:x
Parameter Description Fort
Parameterlinits Units ¥
Mates KevInMeas 1 uf
A Key4Data
CurrentMagnet
oo
Defines types of MumOf Junckions FreqlF oo
measurements permitted Volagescale Prarl O KeyInData 1
VoltsBiashin Tempémbient E::':n?:::ﬂ
YoltsBiasMax TempMixer Independert
D iptions of each StepsBiss Tempsik
i:;::'\)/alue in table Stepsizebias Temp20k - .
“DependData” BrnpsScale Ternmp4k his allows unlimited number 0
AmpsEiashin TempColdLoad dependent data terms
ArmpsBiasMax PressDewar
Storage for preset RealTimePlot Slowly varying
settings(future use) Motes measurement results

04 | jee |2000-06-08 |[Added M xer Notes, Sweep Paramns

03 | i ee |2000- 03-29 |Changed key field names in MeasType, Meas, Data
02 | jee [2000-03-15|Added DependData, Bias, and DependDefs

01 | jee |2000-03-03|Tabl e Data |inked to MeasType

Rev | Who Date

Notes

National Radio Astronomy Observatory

SIS M xer

Measurenent System Database Structure

Creator: j ee

Edit Date: 2000- 6- 6 15: 09

File: Desi gn. doc

Rev: 04 Page 1 of 1

Figure 25: Database Table Relationships
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15. Data Dictionary

Data Dictionary for Database: G \MasSys\ Dat a\ Dat abase20000303\ si s97a. ndb
Li si ng Routi ne Name : "Cet Data Dictionary"
Printed : 2000-15-03 13:19:42

Rk S kU R R o kR

EE R O O I o O I O O O

Tabl e: Bi as

Descri ption: |-V information
Last Updated: 2000-15-03 10:51:44
Record Count: O

Key Long (4) Keyed to DataKey in Meas
Por t Integer (2) ldentifies M xer

nv Single (4) Junction voltage, in nv
uA Single (4) Junction current, in uA

Rk S S R R I b o b S R R S

EE R S R S I I R R

Tabl e: Bug Status
Last Updated: 2000-15-03 10:49:34
Record Count: O

KeyFi el d Long (4) Fiel d keyed to bug nunmber in "Bug Report" table

Dat e Date (8) Date of status entry

Initials Text (20) Initials of person entering status report( i.e., person working on
t he bug)

Not es Meno (0) Not es about this entry

khkkhkhkhkhkkhkdkhkhkhkdkhkhkhhkhkhrhkdhkhxhhdhkxk*k
kkkhkhkhkkkhkhkhkkkhkkhkhkhkkhkhkhkhkhkdhkxkkhkhhkxk*x

Tabl e: BugRepor t

Last Updated: 2000-15-03 10:49: 34
Record Count: 8

I nci dent Num Long (4) Nurmber of bug report (used for key val ue)
Dat e Date (8) Date and time of report

Nanme of Reporter Text (25) Nanme of person reporting bug

C ass Text (25) Cl ass of bug e.g. Meas Code, Anal Code,...
Details Mermo (0) Description of Bug

Severity Text (50) Severity of Bug (Predefined choices)

St at us Text (50) Status of bug (Predefined choices)

Rk S S Rk e b o b S R R S

khkkhkhkhkhkkhkhkhkhkhkdkhkhkhkhkhkhkhkdhkhrhkhhhxk*k

Tabl e: Dat a

Descri ption: Contains generic fields to record only changing data during a nmeasurenent
Last Updated: 2000-15-03 10:51:44

Record Count: 633571
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MeasRecKey
KeyDepend

Par anmet er

| ndependent
Dependent 1
Dependent 2
Dependent 3

EE R O S I o O I O O

R S S O O

Tabl e:
Descri ption

Last Updat ed:
Record Count:

Key
| ndex
Val ue

EE R O O I o O I O O

EE R S S O

Tabl e:
Descri pti on:
Last Updat ed
Record Count:
Key

I ndex
Description

Rk S S R R R e b o b S R R S

EE R S S I I

Tabl e
Descri ption:

Last Updat ed
Record Count:

Record 1D
Dat aKey

Vol t age Bi as
Current Bias
Vol t age Bi as
Current Bias
Magne

Current
Freq LO
Freq I F
Pwr LO
Tenp Ambi ent
Tenp LN2
Tenmp M xer
Pw Th RF
Pw Tc RF
Pw Th I F
Pwr Tc I F
Pwr

Long (4)

Long (4)

Single (4)
Single (4)
Single (4)
Single (4)
Single (4)

DependDat a

Maps to Record ID key in Meas Table
Provi des key for DependData table

Par amet er bei ng st epped

I ndependent vari abl e

Data field for first dependent variable
Data field for second dependent variabl e
Data field for third dependent variable

Hol ds dependency val ues
2000- 15- 03 10: 51: 44

0

Long (4)

Keyed to DataKey in Meas

Integer (2) Nunber of dependency as defined in MeasTypeDefs

Single (4)

DependDef s

Val ue of dependency

Descri bes dependency data
2000- 15-03 10:51: 44

0

Integer (2) Keyed to TypeNum in MeasTypeDefs

I nteger (2)

Text (20)

Meas

Includes fields for

Identifies type of dependency
Descriptive text of dependancy

all variables of a nmeasurenent

2000- 15-03 10:51:44

597

Long (4)

Long (4)

Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)

Noi se Mx Qut Single (4)

Maps to appropriate record in SIS Run table
Key for tables linked to this table
Bi as voltage (device 1) in volts
Bias current (device 1) in mA
Bi as voltage (device 2) in volts
Bias current (device 2) in mA
Magnetic field coil current in mA
Frequency of local oscillator in G&
Internmedi ate frequency used in GHz
Power of local oscillator in nW
Anbi ent tenperature in degs C
Hot | oad physical tenperature in K
M xer tenperature in K
Hot - Load power at RF input to m xer
Col d- Load power at RF input to m xer
Hot - Load power at M xer |F (dBm
Col d- Load power at mixer |IF (dBm
Noi se power reflected from mi xer output

(dBm
(dBm

(my
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Rk S kR R R o O Rk

EE R O O S O O I O

Tabl e:

Descri ption:
Last Updat ed:
Record Count:

Record I D
Dat a Key
Dat eTi e
Description
Meas Type
Measur ed by
Not es

MeasType
Defines the type of neasurenent
2000-15-03 10:51: 44

814
Long (4) Maps to appropriate record in SIS M xer table
Long (4) Key for child tables linked to this table
Date (8) Date and tine of individual measuremnment

Text (128) Description of this nmeasurement
Integer (2) Type of Measurenent

Text (15) Name of person taking the data
Mermo (0) General notes for each entry

Rk S R R kO b O Sk Rk o S

EE R O S I o O O O O

Tabl e:
Descripti on:
Last Updat ed:
Record Count:

TypeNum
SubTypeNum
Description

| ndependent Var

MeasTypeDef s
For a particul ar nmeasurement, defines the generic fields in the Data table
2000- 15-03 10:51: 44

I nteger (2) Measurenment type nunber

Integer (2) Measurenent sub type nunber

Text (50) Test description

Text (20) Description of independent variable

NumOf Dependent Vars I nteger (2) Nunber of dependent vari ables

Dependent Var 1
Dependent Var 2
Dependent Var 3
Par anet er

Not es

Text (20) Description of first dependent variable
Text (20) Description of second dependent variable
Text (20) Description of third dependent variable
Text (20) Description of paraneter variable

Meno (0)

Rk S R R kI b o S R R I ok S

EE R S S I I

Tabl e:

Descri ption:
Last Updat ed:
Record Count:

MeasKey

Dat eTi me
Tenp77K
Tenp20K
Tenp4K
TenmpHot Load
TenpCol dLoad
TempM xer

Pr essVacPunp
Pr essDewar

FI owRat eHe
TempAnbi ent

PressTenp
Pressure and tenperature data
2000- 15-03 10: 52: 20

29129
Long (4) Maps to key value in other tables
Date (8) Ti me of measurenment

Single (4) Tenperature of 77K stage
Single (4) Tenperature of 20K stage
Single (4) Tenperature of 4K stage
Single (4) Temperature of hot |oad
Single (4) Tenperature of Col dLoad
Single (4) Tenperature of mixer stage
Single (4) Pressure at vacuum punp
Single (4) Pressure in dewar
Single (4) Heliumflowrate

Single (4) Anbient Tenmperature

R S S O O

Rk S R R Sk O b O R Rk
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Tabl e:

Descri pti on:
Last Updat ed:
Record Count:

TypeKey

Whi chM xer
Nunf Juncti ons
MeasM xer Anps
MeasM xer Noi se
Measl| f Power

Bi asVol tsM n
Bi asVol t sMax

Bi asVol t sNuntX St eps Long (4)

Bi asVol t sScal e
Bi asAmpsM n

Bi asAnmpsMax

Bi asAnpsScal e
LOPw Max

LOPwr M n

LOPwr Nuntf Pwr s
LOFr eqVax
LOFregM n

LOFr eqNuntX Fr eq
MagCur Max
MagCur M n
MagCur Nuntf Cur s

Setti ngsAct ual
Cont ai ns act ual

equi pnent settings for a measurenent

2000- 15-03 10:52: 21

801

Long (4)
I nt eger
I nt eger
Bool ean
Bool ean
Bool ean
Single (4)
Single (4)

Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
Single (4)
I nt eger
Single (4)
Single (4)

s Integer (2)

Single (4)
Single (4)
I nt eger

(2)
(2)
(1)
(1)
(1)

(2)

(2)

Real Ti nePl ot

Bool ean (1)

Maps to appropriate record in MeasType table
M xer 1 or Mxer 2

Nunmber of SIS junctions / mxer

If yes, neasure m xer current
I f yes, neasure nixer noise tenperature
If yes, neasure |F power |evel

M ni mum bi as voltage in nV
Maxi mum bi as voltage in nV
Nurmber of voltage steps for each bias sweep
Scal e factor for graph
M ni mum scal e for bias plot
Maxi mum scal e for bias plot
Scal e factor for graph
Maxi mum or Fi xed LO power in nW
M ni mum LO power in mn
Number of power |evels stepped during nmeasurement
Maxi mum or Fi xed LO frequency, in G
M ni mum LO frequency in Gz
Nurmber of LO frequencies for each sweep
Maxi mum or Fi xed nagnet current in mA
M ni mrum magnet current in mA
Nurmber of magnet current |evels stepped during neasurenent
Is real-tinme plot turned on for this neasurenent?

in uA
in uA

GraphVol t ageScal e Single (4)
G aphAnpsScal e

Not es

Vol t age scale for graph in nv/cm
Single (4) Current scale for plot in uAcm

Meno (0)

Rk Sk R R R o kR

Rk S S R R R e b o b S R R S

Tabl e:

Descri ption:
Last Updat ed:
Record Count:

TypeNum

SettingsDef aul t
Cont ai ns default equiprment settings for a measurenent
2000- 15-03 10:52: 21

Nunmf Juncti ons
Vol t ageScal e
Vol t sBi asM n
Vol t sBi asMax
St epsBi as

St epSi zeBi as
AnpsScal e
AnpsBi asM n
AnpsBi asMax

Real Ti mePl ot

Not es

0
Integer (2) Maps to appropriate record in MeasType table
Integer (2) Number of SIS junctions / mixer
Single (4) Voltage scale for graph in nv/cm
Single (4) Mninumbias voltage in nV
Single (4) Maxinum bias voltage in nV
Long (4) Nurmber of voltage steps for each bias sweep
Single (4) Size of each step for bias sweep in nV
Single (4) Current scale for plot in uAlcm
Single (4) Mninumscale for bias plot in uA
Single (4) WMaxinum scale for bias plot in uA
Boolean (1) Is real-tine plot turned on for this measurenment?
Meno (0)

EE R S S S

Rk Sk S R

Tabl e:

Descri ption:

Last Updat ed:
Record Count:

SIS M xer

Contains m xer informtion,
2000-15-03 10:52: 21

41

such as device ID, date/tine, etc
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Dat eTi ne Date (8) Date and tine information is entered
Device ID Text (50) Description of device

Not es Mermo (0) Free-Field input for general annotation
Meas | D Long (4) Key for child tables linked to this table
R R R S I o I S O

EE R IR S b I S I I R S S I I S I

Tabl e: Version Info

Descri pti on: Docunents changes to dat abase.

Last Updated: 2000-15-03 10:49: 08
Record Count: 7

Item Text (20) Applicable itemto track version information, such as table nane,
code routine nane...
Ver si on Nunber Text (10) Ver si on Number

Dat e Date (8) Dat e of new version
Initials Text (20) Name of person entering version info.
Not es Mermo (0) Not es about this version

15.1.1 Database Access Classes

15.1.1.1 CdbMixer

The CdbMixer class contains the low-level routines for accessing the database. All SQL statements are contained in
this class and are setup during class initialization. This class is packaged as an Active-X DLL so that it can be shared
by both the VB and VBA routines.

CdbMixer uses the CQueries class to generate the parameterized queries. A call to OpenDataBase containsthe ...
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CdbSt or eDat a

-m_oDat aAccess : CDat aAccess
-moFields : CFields
-morsGaphData : Recordset
-m| MeasKey : doubl e

-m.nt MeasType : MeasType

+bl ni t (MeasTypent MeasType , Longl MeasKey) : Bool ean
+Set MeasKey(Long | Value) : void

+St oreDat a( ParamArray Variant vParans()) : void

+| Get Fi el dCount () : Long

+l Get RecordCount () : Long

+bDel et eRecords() : Bool ean

+AddNewRecord() : void

+Updat eRecord : void

A

CDat aAccess

-msDataBaseDir : String
-m sDat aBaseFi | eNanme : String
-m| RecordCount : |ong

+bl ni t m MeasType : Bool ean
+bl sDat abaseQpen : As Bool ean
+Absol ut ePosi tion(variant vRecNum) : void
+bRecor dCopy (Recordset rsRecordSet, ParamArray Variant vParans)
+bRet ur nRecor dsToArray(Vari ant vaRecordsPtr ,
String sQueryStringPtr, _
Vari ant vaFi el dNanes) : Bool ean
+Cl oseDat aBase() : void
-i ErrorHandler() : Integer
+l nsert Record(ParamArray Variant vParans) : void
+l Get Fil eSize() : Long
+| Get RecordCount () : Long
+Movelast () : void
+OpenDat aBase(String sDBNanePtr) : void
+QpenRecordSet (String sTabl eNamePtr) : void

+sGet Engi neVersion() : String

+sCet Dat abaseFul | Name() : String

+sGet Dat abaseDir() : String

+sCGet Query(String sQueryKey ParamArray Variant vParans) : String
+sCet Fi el dVal ue(Vari ant vFi el dNanePtr) : String

+Set Fi el dval ue(String sFiel dName, Variant vValue ) : void

+Val ue() : String

+rsCet RecordSet (String sQueryKey, Variant ParamArray vArgs) : Recordset

Bool ean

A

CQueri es

-m Query : collection

SIS Mixer Software [Edit Date: 2000-3-27 10:43

+Add(String sKey, String sQuery)

+sGet (String sKey, Paramhrray Class Diagram for Database Management
Variant vParanms) : String
A Page 0 of 1 Rev: 0 Creator: jee
CQuery - - - -
“msSql ;. String File: Design.doc Natlon%t?sedrl\?aﬁ)sr;m”omy

+Value : String

Figure 23: Class Diagram for Database M anagement
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Class Initialization bOpenConnection

Error? >« @

A 4

Yes Yes
1 No l No
set mblnit_Error set m_sError
Return Return

CdbClass Initialization

Figure 24: CdbClass Initialization

16. Graphing and Data Analysis

The plotting program for 1-V data is written in Visua Basic for Applications (VBA) that is included with the
Spreadsheet program Excel.

17. Analysis Routines

As the data are acquired, it is immediately stored in the measurement database on a server accessible to all team
members. Afterwards, the data is accessed and analyzed using the Excel spreadsheet program. Previously measured
data can be analyzed at the same time that new data are acquired.

In the data analysis prototype, the user selects the desired measurement with a dialog box (see Figure 25) that displays
device ID and measurement date in drop-down boxes. The dialog box then displays any notes associated with this
measurement.
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515 Test Record Selection

— Mixer Info
Device ID

BM3IT1-UYaWIII-LS65E-B2
Heated 50 Ohm Resiskor
Hy2821 1C-B3-510-023
Hwzg211C-B3-34-D24
Hy28211C-53-51-D25

fj Date i 1999-05-21 11:56:07 _‘:_j

Maokes

Dewar Temps

' Freaq: ] 090, GHz

ik
— Measurement Info
Date De=scription Measurement Tvpe
1999-05-21 15: i Tuwsh (Skepping Lo Pur)
1999-05-21 1%:21:20  LNE
1999-05-21 14:58:41  USE Motes
1999-05-21 14:41:37 DSE
1999-05-21 14:21:37 LMK _:j Dk JEE

Iritials ] DK,I'JEE

— Graphing Details
&+ Rectiinear chart

™ 3-0 Chart

Plak Bias Current {ud)

__"j WS,

Bias Yoltage {m¥)

with parameter L0 Power {mYy)

Figure 25: 1-V Plotting Dialog Box

When the “Graph Bias Datd’ button is pressed, the database is queried to return the desired data to a spreadshest,
which is then automaticaly graphed in Excel. A portion of the results and graph is shown in Figure 26.
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Hy28211C-B3-S1-D25
UNK

600.0

Test Date: 1999-05-21 15:58:50
Measurement Notes: DK/JEE

LO Freq: 090. GHz

Bias V = 13.19 mV Bias | =62.33 uA

500.0

400.0 /

N

g LO Power (mW)
= / -TT0
e
5 300.0 —-—-9
g A Bias point data
o
0 |

200.0

100.0 ’J

"‘ _A—r’J
0.0 — ]
-5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Bias Voltage (mV)

Figure 26: Returned Measurement Data and Graph
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17.1.1 File Locations

18. General

Table5: General File Locations

The file containing this

design document

F: \ Docs\ Sof t war e\ SI SMeasSys\ Desi gn. doc

Excel data analysis program

\\eagl e\ cv-cdl -
si s\ MeasSys\ Sof twar e\ | VPI ot\ SI S| VPI ot V4. 10. x| s

Visual Basic measurement
program

\\ eagl e\ cv-cdl -
si s\ MeasSys\ Sof t war e\ Bi asMeasV. xx\ Bi asMeas. vpb

Access database file

\\ eagl e\ cv-cdl - si s\ MeasSys\ Dat a\ S| S97a. ndb

19. Excel Data Collection

Current file locations for these routines are given in Table 6. All file locations are relative to the

root directory.
Table6: File Locationsfor Excel Data Collection Routine
Description Type Location
Root Directory: \\j t 2\ pub\ si snmeas\ Excel I ntf8
The file cont ai ni ng this F: \ Docs\ Sof t war e\ SI SMeasSys\ Desi gn. doc
desi gn docunent
Startup Module Module Start. bas
National Instrument Globals for | Module NI _Code\ Ni gl obal . bas
Analog board
Nationa Instrument Globals for | Module GPI B_Code\ Vbi b- 32. bas
GPIB
Class for GPIB board Class GPI B_Code\ CGPIB. cl s
Class for Analog board Class NI _Code\ CNI 16Anl n. cl s
Class for Standard Deviation Class Conmon_Code\ CSt andar dDevi ati on. cl s
Class for HP34401 multimeter Class GPI B_Code\ CHP34401.cl s
Class for HP436 Power Meter Class GPl B_Code\ CHP436. cl s
Form containing National | Form Control.frm
Instrument's  Component  Works
analog control
Excel spreadsheet containing code | Spread-sheet Test. xl's
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Figure 27 is a listing from the Visua Basic Project file (of type .vbp) that shows the relative directory locations for

each module in the program as well as the plug-in components used. All directory locations are relative to the vbp file
whose directory was defined in Table 5.

Type=Exe

Ref er ence=*\ G{ 00025E01- 0000- 0000- C0O00- 000000000046} #4. 0#0#C: \ Pr ogr am
Fi | es\ Conmon Fil es\ M crosoft Shared\ DAO DAC350. DLL#M crosoft DAO 3.0 Ohject
Li brary

Ref er ence=*\ G{ 00020813- 0000- 0000- C0O00- 000000000046} #1. 2#0#D: \ Pr ogr am
Files\Mcrosoft Ofice\Ofice\ EXCEL8. OLB#M crosoft Excel 8.0 Object Library
hj ect ={ 7A080CC8- 26E2- 101B- AEBD- 04021C009402} #1. 0#0; GAUGE32. OCX

bj ect ={ FAEEE763- 117E- 101B- 8933- 08002B2F4F5A} #1. 1#0; DBLI ST32. OCX

Ref er ence=*\ G{ 0D452EE1- EO8F- 101A- 852E-

02608C4D0OBB4} #2. 0#0#C. \ W NNT\ Syst enB2\ FM20. DLL#M crosoft Forms 2.0 Object
Li brary

Obj ect ={ 831FDD16- 0C5C- 11D2- AOQFC- 0000F8754DA1} #2. 0#0; MSCOMCTL. OCX

bj ect ={ 65E121D4- 0C60- 11D2- AOFC- 0000F8754DA1} #2. 0#0; MSCHRT20. OCX
Modul e=VBI B32; ..\ Shar ed\ gpi b\ Vbi b- 32. bas

Modul e=d obal s; ..\ Shared\ d obal s. bas

Cl ass=CFields; CFields.cls

Class=CField; CField.cls

Cl ass=CdbSt or eDat a; CdbStorebData.cls

Ol ass=CQueries; CQueries.cls

Cl ass=CQuery; CQuery.cls

Cl ass=CsSl SDhevi ce; CSI Shevice.cls

For m=Bi asMeas. frm

For m=f mvkeasDat a. Frm

For mef nBi asSettings.frm

Cl ass=CGPI B; ..\ Shared\gpi b\CGPIB.cls

Cl ass=CNl 16Anl n; ..\shared\Natlnst\CN 16Anln.cls

Cl ass=CSt andar dDevi ati on; ..\shared\ CStandardDevi ation.cls

Cl ass=CNl 16AnCQut; ..\shared\Natlnst\CN 16AnQut.d s

Modul e=NI GLOBAL; ..\shared\ Natlnst\N gl obal . bas

FormeMai nintf.frm

For m=f mLOPwr Set tings.frm

For m=f mvagAnpSet ti ngs. frm

Cl ass=CDat aAccess; CDat aAccess.cls

Desi gner=f nSQLError.frm

Cl ass=CSettings; CSettings.cls

Cl ass=CBi as; CBias.cls

Cl ass=CHP3631; ..\ Shared\ gpi b\ CHP3631. cl s

Cl ass=CSweep; CSweep.cls

Cl ass=CLS218; ..\ Shared\gpi b\ CLS218.cl s

For mef mTenmrpMon. frm

C ass=CTiner; ..\Shared\CTiner.cls

Modul e=Not es; Not es. bas

Modul e=NI _Constants; ..\shared\ Natlnst\nidagcns.inc

Modul e=NI DAQ@2; ..\shared\ Nat | nst\ni daq32. bas

Modul e=NI DAQError; ..\shared\ Natlnst\nidagerr.inc

C ass=CChannel s; ..\shared\ Natl| nst\ CChannel s.cls

Modul e=Mai nRout i nes; Mai nRout i nes. bas

For m=. .\ Shar ed\ Spl ash. frm

Figure 27: Partial Listing from Visual Basic Project (.vbp) File

20. Classes
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21. Generic Parameter Handling

To increase program flexibility, the parameter to be measured will be displayed in generic “Parameter” section on the
main interface dialog box. This aso smplifies determining which parameters are to be plotted by the graphing
routine. Figure 28 shows the current approach, which has hard-coded parameters in the main interface, and Figure 29

shows the concept of the new approach.

fmMainlintf
Button "TakeData"
Pressed

btTakeData
Determine parameter
name and
Max/Min/Step from
cbMeasType

v

fmBjasMeasData
Setup Graph

Figure 28: Determination of Parameter to be Measured (Current Approach)

fmMainlintf
Button "TakeData"
Pressed

btTakeData
Determine parameter
name and Max/Min/Step
from generic parameter
area

v

fmBiasMeasData
Setup Graph

Figure 29: Determination of Parameter to be Measured (Future Approach)
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22. Encapsulation

Database access has been encapsulated using a number of classes, as diagrammed in Figure 30, to isolate most of the
software from inevitable database changes, such as adding field names and tables. The class CdbG aphDat a contains
routines to access fields in the Graph Dat a table, and was built with the child classes, cbat aAccess and CQueries’.
CDat aAccess provides routines to access the generic measurements database while cdbG aphDat a contains routines to
access the specific database table G- aph Dat a.

The CFi el ds and CFi el d child classes isolate database field names by using the Add and St or eDat a methods. Add
initializes a mapping from the database field name (e.g., MeasKey) to the name used to reference this field in the code
(e.g., Key). If the field name measKey is changed in the database, only the single routine containing al the Add
methods requires changing. The implementation and use of this class is shown below:

I mplementation:
m cFi el ds. Add " MeasKey", "Key"
Use:

Call dbG aphDat a. St or eDat a(| bDat aSet Num " Key")

The Add method maps the string Key to the field name Measkey. The St or eDat a method is then used later to store the
value in the variable | bbat aSet Numin the Measkey field by referring only to the key value Key.

The cQueri es and cQuery child classes allow all database queries (SQL statements) to be located in a single routine
(CDat aAccess. Gl ass_I nitialize()). The add method for this class maps a key value of string type (e.g., Date_X_Y)
to a specific query, as exemplified below:

Call m Query. Add("DATE X Y", "SELECT [Date],[DataX], [DataY] FROM[Gaph Data] " &
"WHERE [ MeasKey] = ~")

The character ~ is used above as a delimiter so that a parameter can be inserted into the query at run time. Parameter
insertion is completely general: An unlimited number of parameters can be inserted into the query at run time by

including them in ther sGet Recor dSet call, as shown below. Of course, during coding the same number of delimiters
must be inserted in the appropriate locations in the query statement contained in the Add method.

Specific queries are referenced using a call to the Chat aAccess.rsGet Recor dSet method with the appropriate key
values and parameters.

Set mrsMeas_Date = fmvkeasDat al nput . Get Dat aAccessChj ect Ptr. rsGet RecordSet ("DATE_ X Y", &
| Recordl D)

This call inserts the contents of the variable | Recor di D into the query defined in the Add method by the key DATE X .
The location where the parameter isinserted is at the ~ as shown in the above Add statement.

! Class diagrams in this document show each class as a box with data members listed at the top and the methods with trailing parenthesis below the data member
list. Classinheritanceisindicated by convention with an arrow pointing towards the child class.  Actually, Visua Basic doesn't dlow class inheritance, but it was
crudely simulated by calling child functions using the same method names in the parent classes.
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CdbGraphData

m_cDB
m_cFields
m_rsGraphData
m_bRecSteOpen
StoreData()
AddNewRecord()
CloseRecSet()
Class_Initialize()
UpdateRecord()

Class_terminate()

\ 4

CFields
colFields
sName()

Classlinitialize()
Count()
Item()
Add()
Delete()

CDataAccess
m_wsJet
m_dbSISData
m_bDataBaseOpen
m_rsDataTable
m_sDataBaseDir
m_sDataBaseFileName
sGetDatabaseDir()
sGetDatabaseFileName()
blsDatabaseOpen()
OpenRecordSet()
rsGetRecordSet()
iErrorHandler()
OpenDataBase()
ReturnRecordsToArray()
CloseDatabase()
Class_Initialize()
Class_Terminate()

CField
FieldName
GenericName

Value()

CQueries
mQuery
Add)
Count()
sGet()
sBuildParmList()
Value()
sGetDelim()
Class_Initialize()
Class_Terminate()

Value()

Figure 30: Database Classes
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Empirical testing shows that overhead penalties incurred by these encapsulation functions are insignificant compared
to other delays when measuring and storing data.

23. CdbStoreData

Stores measurement data in the database. Relevant database tables for a particular measurement are selected in the
class method storeData by examining the measurement type member, m.i MeasType, which is set during the
initialization function, bi ni t. The key value (Record 1 D) that identifies the particular data record is also stored as a
data member m i MeasType in this class and is changed through the class method Set MeaskKey.

CdbStoreData
bl nit (nt MeasType, | MeasKey)
Sel ect Case nt MeasType
Case |vsWLCStep, |vsVwivagsSt ep:
m oFi el ds. Add "Keyl nData", "KeylnData"
m oFi el ds. Add "I ndependent"”, "Voltage"

Set morsData = m oDat aAccess. rsGet RecordSet (rsType. | vsVWLOpwr, | MeasKey)

End Case
End Sel ect

24. CSISDevice Class

This class contains information about:

Voltage command range

Current range

Voltage/Current scaling

Number of mixer devices

Measurement type

Number of times independent variable steps changes during measurement

SO wWNE

Voltage output is calculated using the following constraints:

When StepNum = 1 Vout = Viin
When StepNum=NumSteps Vout = Vinax
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And this defines Vg

€ StepNum- 1
Vout = Vhin H max Vmin]
NumSteps- 1
or, rearranging
ev._,-V. U
Vout :Vmin + éMHSGpNum- 1]
aNumSteps- 1
where the “scale” is defined as:
Scale = Vmax - len
NumSteps- 1

Now the standard definition of V ., is two gap voltage units below zero. For example, for a 4 junction device, the gap
voltageis 4 times 0.2V = 0.8V, s0 V,in = -1.6V

24.1 IV-Curve Plotting Software Dialog Box Programming Details

The list box | bMeasDescri pti on holds the measurement date and description for each mixer. It is populated in the
routine | bDevi cel D_O i ck and contains three fields — the measurement date, the description, and the measurement
key. (The measurement key field is hidden from the user.)

25. Variable Naming Conventions

The naming conventions used in the software are given in Table 7.

Table7 : Software Naming Conventions
(Recommended prefixes are given in bold)

Name | Variable Type | Notes
Variables

i Count er Integer
bFaul t Boolean
| Rows Long
ndB Single
dFreq Double
sName String
vDBAr g Variant
oSheet Object
Functions

Functions that return a data type should be named using the variable naming convention given above.

Classes

CM\et er Class

m | nit Data member of class
Forms and Controls

frmvVai n Form

cbM xers Combo box on aform
| bMeasur enent s List box onaform

t bNot es Text box onaform
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dcM xers Data control on aform

opt bLO Option button control on aform
chkbSi nul at e Check box on aform

bt nQui t Button on aform

I abText Label onaform

26. Hardware Addresses

Table 8 and Table 9 tabulate the hardware addresses when the DIO lines are used for the base address. Table 10
depicts hardware addresses when the PB5 to PB3 data output lines are used for the base address. There are three base
address lines and three secondary address lines. The fourth base address line, DIOS, is used to latch the addresses.

In these tables, empty cells representing bit positions are generally unused.
Digita line DIO-7 provides the trigger pulse for the data acquisition clock generated by the chopper wheel. This pulse

gates the CONVERT pulses used by the National Instruments DAQ board to control the A/D converters. Each
CONVERT pulse causes asingle A/D conversion to occur.

Table8 : Hardware Addresses: Computer 1/0°

% Notes for Table 8: The lower three bits of Valve Open, Refrigerator On, and Dewar Heater On are latched in a D-latch, rather than through an address decoder.
To activate these functions, set the desired lower bits PA2 to PAOQ, then set DIO2 to DIOO, and finally strobe DIO3. This also means that other sequences (e.g. 011)
for this base address are not available for other functions.
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Address
ol of < © Function Chassis Comments
o] o] o] o] Ivd =] I
Aalajojaolalala
glojofofof1]:1 gf]war Load Heater| - .« sw Control | Turns on the 4K hot load in the Dewar
% 0]0]1]1] 0] O |Noise Source On [Coax SW Control Turns on the noise source
© Noise inject to - L . -
< . Selects the coupler path to inject noise into the input of the IF amplifier
=| 00| 1] 1|01 |coupler (Mixer1 Coax SW Control (Mixer 1 rack only). Isolated via opto-isolator.
% rack only)
° Noise inject to . - o ) )
ololo]|1|1|1]o/ciculator (Mixer1 |Coax sw Control Selects the circulator path to mject noise into the IF port of the mixer (Mixer
@) 1 rack only). Isolated via opto-isolator.
) rack only)
p - - - i
Slolo|la]|1]1]1]|spae Coax SW Control Spare control function available from power supply PCB. Isolated via opto
= isolator.
[2])
S Selects 1 of eight differential channels that are input to the National
£|10|l1(0| 0] 0] 0 [AnalogMux Select |[Computer I/O Instruments board on lines Ain+7 and Ain-7 via connector "D" on the rear of
%) the chassis.
3
% of1(0 Analog Mux Select | Computer 1/0 -
e]
% 0|l1|0|1]1]1|AnalogMux Select|Computer I/O -
(3]
g A
olol 1] 1| x| x| 1 |vaveopen Computer 1/0 Coqtro!s vacuum yal\{e between vacuum pump and Dewar. This is fail-safe
b design: Setting this bit opens the valve.
E 0f1[1)X]1]| X|Refrigerator On Computer 1/O Turns on the Dewar refrigerator
g 0f1f1] 1] X| X |[Dewar Heater On [Computer I/O Activates the Dewar heater for warm-up.
<
% 1]0lofloflo0] 1 |Spare
SEK110]10]0]1/fO0 [Spare
8 1]1]0[0J0] 1] 1 Spare
ol212]10]0]1f{0] 0 |Spare
211[0]0]1]0][21|Spare
8lalolofa]a]o[spare
O[1]0)1]0f[0]0|SW1Set Coax SW Control Controls the coaxial IF switches in the Dewar
glLrlol1lofo]1|SWI1Reset Coax SW Control -
s|L110]1]0[1]0]|SW2Set Coax SW Control - "
Sla1lof1]o]1]1]|SW2Reset Coax SW Control - " -
Glalolafa]|o]o0[sw3set Coax SW Control - " -
Q 1]1]0]1[121]0]1]|SW3Reset Coax SW Control - " -
‘g‘ 1]1]0]1[2]1]0]|SW4Set Coax SW Control - " -
<|[1]0]1f[1]1]1]|SW4Reset Coax SW Control - " -

Table9: Hardware Addresses: Warm | F Control
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Address Data ] )
'cTa E‘B 3 E ga) (n\n' E‘ 8 5 8 8 S 8 8 S 8 Function Chassis Comments
alajajajajajafajajajajaljaljaljala
0/]0]0 0] 0] O |Spare IF Controller
0|00 0]0]1(3dBPadIn IF Controller
0j]0]o0 0] 1] 0(3-dBPadOut IF Controller
0]0]0 0] 1] 1 [Internal Load In IF Controller For zeroing power head
0/]0]0 1] 0] O [Internal Load Out IF Controller For zeroing power head
sl 0]0f0 1] 0] 1 [Output-PwrMeter IF Controller Output switched to power meter
% 0|00 1] 1] O |Output-SqLaw IF Controller Output switched to square law detector.
glolo]o 1]1] 1 [Spare IF Controller
ﬁ 0ofo]1 0]0]0|0] 0] 0 [Attenuator Control IF Controller 0dB
‘g 0|01 0]0|0|0] 0] 1|Attenuator Control IF Controller 1dB
<[(0]0]1 Attenuator Control IF Controller N dB
0|01 111]1]1] 1] 1 |Attenuator Control IF Controller MAX dB
0l]1]0]0jJo]Jo]joOojojojo0]o 0] 0] 0 |YIG Filter Freq IF Controller 1 GHz
0]/]1]0/0]J0]0]0}J0JO0]0J0O|0]0] 0] 2]|VYIGFilterFreg IF Controller 1.001 GHz
0|1]0 YIG Filter Freq IF Controller N GHz
olrfoflalalalafalalalala]1]2]1]YIGFilterFreq IF Controller  [12.0 GHz

Additional hardwar e addresses were required for the new Mixer Bias Supply, and these are identified in Table
10. The output-only data lines PB5, PB4, and PB3 are used as the base address. As in the DIO base
addressing, there are three base address lines (PB5, PB4, and PB3) and three secondary address lines (PB2,
PB1, AND PBO0) . Thefourth base addressline, PB6, is used to latch the addresses. Line PB7 isa spare.

NO - THESE NOW OVERLAPWITH THE IF CONTROLLER.

Table 10: Hardwar e Addresses (PB5-PB3 Linesfor base address)
Address
Primary Secondary : :
(PB6? PBS, (PB2, PB1, Function Chassis Comments
PB4, PB3) PB0)
000 Not used.
001 000 Open Loop Mixer Bias Supply
001 001 Closed Loop Mixer Bias Supply
001 010 Output State: Run Mixer Bias Supply
001 011 Output State: Zero Mixer Bias Supply
001 100 Output State: Ground | Mixer Bias Supply
001 101 Bias source: Internal Mixer Bias Supply
001 110 Bias source: External | Mixer Bias Supply
001 111 Ganged outputs: None | Mixer Bias Supply
010 000 Ganged outputs: Mixer Bias Supply
Paired
010 001 Ganged outputs: All Mixer Bias Supply

3 Line PB6 is used for addressenable. That is, bits PBO to PB2 and PB3 to PB5 should be set to the desired address, then strobe PB6 to latch the address.
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