APFENDIX A

PROGRAMMING THE DSPTRANSIENT DIGITIZER/AVERAGING MEMORY

The DSPTedhndogy, Inc. MODEL 200]ASisa100MHz, 8-bit analog to
digital converter. Conreded to the 2001ASisthe MODEL 410l1averaging
memory. These units are powered by a CAMAC crate and are controll ed through
the CC-488GPIB crate mntroller. The 2001AS and 4101can orly be wntrolled
through the CC-488 via computer. Hence successul operation o the DSPmodues
requires an in-depth understanding of the various CAMAC and GPIB codes.

When working with the DSPsystem, be avare: THERE ARE MISTAKESIN
THE MANUALS These various mistakes have impeded my progressmany times,
and whenever possble, | have noted the mistake. However, | have not used every
asped of the DSPsystem, so | canna attest to the truth of every aspect of every
manual. One very important error isthe 200JAS — 4101conrector pinout. The

correct pinou islocaed in table A-1.
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2001AS | 4101 Function Description
Pin# Pin #

9 17 TRIG Generator: 4101. Signalsthe 200LASto
begin digitizing.

10 19 EOC Generator: 2001AS. Digitizing is
complete and summation can begin.
Remains high urtil RST is generated by
the 4101. (20 ns pulse width)

22 18 MEMINC Generator: 4101. Advances the memory

(or CNTADD) | of the2001ASto the next locaion. (80 ns
pulse width)

23 20 RST (or EOR) | Generator: 4101. Sweep is complete and
2001AS can gather more data. (80ns
pulse width)

17 8 BIT7 Most significant bit from 2001AS.

4 I BIT6 --

16 6 BIT5 --

3 5 BIT 4 --

15 4 BIT 3 --

2 3 BIT 2 --

14 2 BIT1 --

1 1 BITO Least significant bit from 2001AS.

25 -- CLK (1MHz) | 1 MHzclock from 2001AS

24 -- GND 200JAS ground

Table A-1. Pin assgnments for the 2000AS — 4101linterface

Controlli ng the DSPsystem requires afairly good undrstanding of the
GPIB interface. The particular GPIB card in use & the time of thiswriting is made
by National Instruments. It is padkaged with libraries for virtually every language
andisvery well documented. The mde segments contained in this chapter are
written in Microsoft Visual Basicv. 5.0. The computer used is a Pentium-75
running Windows 95. The DSPsystem is completely unaware of the spedfics of
the computer attached to the other end, so most of the information contained here

will be gplicableto any user of the DSP.
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All communicaion between the computer and the various DSPcomporents
are dore viathe crate controller, in this case the CC-488which can transfer 321
KBytes of data per seaond,as siown in figure A-1. In order to communicate to any
of the unitsin the aate, you must send the gpropriate adesto the aate controller.
The aate controll er then relays those mdes to the appropriate device. The codes
spedfic to aparticular device ae given in the respective instruction manual, bu all

the ades have a ommonform.

CC-488 Data Transfer Rate
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Figure A-1. Thedatatransfer rate for the CC-488 CAMAC GPIB contoller. The
slope of the dbowvelineis 321kBytes/sec

A.1 Reading Parameters from the DSP

Actions performed ona DSPcomporent fall i nto two categories. realing

andwriting. In order to read a parameter on a cmponent requires three
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comporents. (1) an‘N’ code, (2) an‘A’ code, and (3) an ‘F code. The ‘N’ code
merely refers to the position d the particular comporent in the aate. For example,
the 4101averaging memory isin slot 24, so aread command sent to the 4101 must
begin with 24. The‘F code and ‘A’ code together refer to a specific function d the
comporent. Tablesof ‘F codesand‘A’ codes are given in the manual. For
example, to read the modue ID for the 4101,you would need to enter A(O)F(3), or
Ointhe‘A’ codeplace and 3inthe‘F codeplace Oncethese mdes are sent to the
crate controller, the controller relays these ades to the proper modue. The modue
then returns the requested value, which the aontroll er intercepts and relays to the
compuier.

Communication between the DSPand the computer is dore via 8-bit binary
codes. These 8-bit binary codes are most commonly thought of as the ASCII

character set, as hown in table A-2.



’

0 32 [space]l64 @ |96 128 - 160 [space] [192 A |224 a
1 33 ! 65 A |97 a 129 - 161 193 A 225 a
2 34 " 66 B |98 b 130 - 162 ¢ 194 A |226 a
3 35 # 67 C |99 ¢ |131 - 163 £ 195 A 227 &
4 36 % 68 D |100 d 132 - 164 «© 196 A 228 a
5 37 % 69 E J101 e 133 - 165 ¥ 197 A 229 &
6 38 & 70 F Jo2 f 134 - 166 | 198 A |230 e
7 - 39 71 G J103 g 135 - 167 8§ 199 C 231 ¢
8 ** MO ( 72 H J104 h 136 - 168 -~ 200 E |232 e
9 ** M1 ) 73 1 J105 i 137 - J169 © 201 E |233 ¢
10 ** J42 = 74 J J106 | 138 - 170 @ 202 E |234 e
1 - 43+ 75 K |107 k 139 - 171 « 203 E 235 ¢
12 - 44 76 L 108 | 140 - 172 - 204 1 |236 i
13 ** |45 - 77 M J109 m 141 - 173 - 205 1 |237 i
14 - 46 . 78 N J110 n 142 - 174 ® 206 1 238 1
15 - a7 |/ 79 O J111 o 143 - 175 207 1 239 i
16 - 48 0 80 P J112 p |144 - 176 ° 208 B 240 o
17 - 49 1 81 Q |113 g |145 * 177 = 209 N J241 #
118 - 50 2 82 R |114 146 * J178 2 210 O 242 o
19 - 51 3 83 S 115 s 147 - 179 =3 211 O 243 ¢
20 - 52 4 84 T 116 t 148 - 180 - 212 O |244 o
21 - 53 5 85 U 117 u |149 - 181 213 O |245 o
22 - 54 6 86 V 118 v 150 - |182 1 214 O 246 ©
23 - 55 7 87 W 119 w |Ji51 - |183 - 215 x 247 =
24 . 56 8 88 X J120 x 152 - 184 216 @ 248 o
25 - 57 9 89 Y 121 y 153 - |i185 1t 217 U 249 u
26 - 58 90 Z J122 z |54 - 186 ° 218 U 250 1
27 - 59 ; 91 [ |J123 { 155 - 187 » 219 U 251 Q@
28 - 60 < 92 \ 124 | 156 - |188 Y 220 U [252 @
29 . 61 = 93 ] |125 } 157 - 189 ¥ 221 Y 253 vy
30 - 62 > 94 ~ 126 ~ 158 - J190 % 222 b 254 b
31 - 63 2 95 _ 127 - 159 - 191 223 B 255 ¥

Table A-2. The ASCII character set. The dharacters denated by (-) do nd have a
visual representation. Asterisks (**) represent control characters, such asthe
cariagereturn (ASCII code 13).
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Therefore, when the ‘N’ code “24” is snt, one doesn’t sendthe digits 2 and 4, bu
the ASCII equivalent of 24 which doesn’'t have avisual representation (binary
00011000. The controller expedsthree éght bit streansin successon. These
streams are identified by the order recaved, whichisthe ‘N’ code, ‘A’ codeand‘F
code, respedively. Thereturn valueis astream of oneto three bytes, which must be
reassembled into the rrect integer return code. The foll owing piece of code

gueries the modue ID of the 4101averaging memory which islocaed in slot 24:

Model_Number = CrateRead (24,0,3) ‘Calls  CrateRead Function
Print  Model_Number ‘Prints 4101
Private Function CrateRead (NCode As Long, ACode As Long,

FCode As Long) As Long
Dim NumResult (3) As Integer
Dim i As Integer

NCode$ = Chr( Ncode)
ACode$ = Chr( Acode)
FCode$ = Chr( Fcode)

ReturnBuffer$ = Space(3) ‘Allocate Space

WriteString$ = Space(3) ‘for Buffers

WriteString$ = NCode$ & ACode$ & FCode$ '‘Concatenate all the
strings

Call ibwrt (DSPLocation%, WriteBuffer$)  ‘Send string to DSP

Call ibrd (DSPLocation%, ReturnBuffer$) ‘ Retrive string from DSP

For i=1To3 ‘Convert the string from DSP to integers
NumResult (i) = Asc(Mid( ReturnBuffer$, i, 1))

Next i

CrateRead =0
For i=1To3
CrateRead = CrateRead + NumResult (i) *2 " (( i-1)*8)
Next i ‘Put the integers together
‘ to form one integer

End Function
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Theibwrt () andibrd() functions are functions defined by the driver software for
the particular GPIB cad currently used in the lab. The functionstake astring o
ASCII charaders and send them as their binary equivaents over the GPIB line.
Obviously the number ‘4101 canna be expressed by the DSPsystem asasingle 8
bit number, so the aate wntroller bregks up the number into three8 hit streams and
sends them in the order of least significant byte to most significant byte. In order to
read the result in a cnvenient way, the bytes must be reassembled to form the
expeded integer. If we were to examine eab of the bytes from the DSP, we would
seethe following: 00000101 00010000 000 000@ich are the numbers 5, 16,
and 0,respectively. Noting that the small est byte isfirst, the result is given by:
result =5 + (16*2°%) + (0 * 2*%) = 4096+ 5 = 4101,

which isthe model number for the averaging memory.

A.2 Writing Parameters to the DSP

Writing a parameter to a DSPcomponrent isvery similar to reading
parameters. The write codes contain the familiar ‘N’, *A’, and‘F codes, with the
addition d another three-byte word knowvn asthe ‘W’ code. Again, al these ades
must be oonwverted to their ASCII-character equivaent before being sent. The
foll owing example demonstrates changing the number of averagesonthe 4101. The
4101is programmed to stop summing when the number of sweeps reaties 65536.
In order to oltain a number of averages lessthan 65536,you must set the initi al
value of the sweep register to 65536n, where n isthe desired number of averages,
or sweeps. For the purpaoses of this example, the number of desired averages will be

5.
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AverageNumber = 5
WCode = 65536-AverageNumber
Result=  CrateWrite (24,0,17,Wcode)

If Result = 0 then

Print “Success!”
Else

Print “Failure!”
End if

Private Function CrateWrite ( Ncode as long, Acode as long,
Fcode as long, Wcode as long) As Integer

Dim Wdata3 As Integer
Dim Wdata2 As Integer
Dim Wdatal As Integer

On Error GoTo Errorhandler

WriteString$ = Space(3)
WriteString2$ = Space(3)

'‘Breaks the WCode into three bytes
Wdata3 = Int (WCode/2 " 16)
Wdata2 = Int (WCode/2"8)-Wdata3*2"8

Wdatal = Int (WCode) - Wdata3*2 " 16 - Wdata2 *2" 8

NCode$ = Chr( NCode) ‘Create Function Code to
ACode$ = Chr(ACode) ‘send to DSP
FCode$ = Chr(FCode)

WriteString$ = Space(3) ‘Allocate space for buffers

WriteString2$ = Space(3)

WriteString$ = NCode$ & ACode$ & FCode$ ‘Concatenate the
* strings

WriteString2$ = Chr(Wdatal) & Chr(Wdata2) & Chr(Wdata3)

Call ibwrt (DSPLocation%, WriteString$)  'Send the function
codes
Call ibwrt (DSPLocation%, WriteString2$) 'Send the Write code

CrateWrite =0
Exit Function

Errorhandler:
CrateWrite = -1

End Function

It isimportant to nde the size of the integers being written to the DSP. In
this case, the integer sizeis 65531 ,which isanumber too large for the integer data

typeto hdd. Therefore, it is necessary to work with 4-byte integers or the long data



80

type (seetable A-3). In addition, it isagain important to bregk upthe long integer

into a 3-byte word in the order of least significant byte to most significant byte.

Data Type Size Range
Byte 1 byte 0to 255
Boolean 2 bytes True or False
Integer 2 bytes -32,768t0 32,767
Long 4 bytes -2,147/483,64810 2,147,483647
(longinteger)
Single 4 bytes -3.40283E38 to -1.401298E-45 for negative
(single-predsion floating-point) values; 1.401208E-45to 3.402823E38 for
positive values
Double 8 bytes -1.7978313486232E308 to -
(double-predsion floating-point) 4.9406564584124 7E-324 for negative val ues;
4.94065645841247E-324 to
1.79769313486232E308for positive values
Currency 8 bytes -922,337,203,685,477.5808 to
(scded integer) 922,337,203685,477.5807
Dedmal 14 bytes +/-79,228162,514,264,337,593,543,950,335
with no dedmal point;
+/-7.922816251426433 759343950335 with
28 dacesto theright of the dedmal; small est
non-zero number is +/-
0.0000000000000000000000000001
Date 8 bytes January 1, 100to Decenber 31, 9999
Objea 4 hytes Any Objed reference
String 10 bytes + 0 to approximately 2 hilli on
(variable-length) string
length

Table A-3. Data Types and sizes.
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A.3 Block Transfer

Thereisaspeda mode for the transfer of entire traces. The block transfer
modeis very similar to the read mode, but instead of sending asingle 3 byte word,
the antroll er sends a stream of 3 byte words representing every point in the trace
These streams are intercepted by the GPIB software and stored as astring. The
largest trace that can be stored by the digiti zer/memory combinationis 32768 dita
points (32K). Each pant is represented by a 3 byte word which resultsin a string
that is at most 98304byteslong. In arder to real the data, the software must loop
through the string and combine every three bytesinto a single long integer and store
that integer in an array. Eadh element in that array must then be divided by the
number of sweeps made by the averaging memory in order to yield the true average
of the data. The foll owing code demonstrates initi ating the block transfer command

to the 4101andinterpreting the results.

Private Sub BlockTransfer  ( NCode as long, FCode as long,
ACode as long, RecLength as long, AverageNum as long)

Dim Length As Long
Dim result(1 To 3) As Long

Buffer$ = Space(3*  ReclLength) ‘Allocate e nough space
WriteString$ = Space(3) ‘for buffers

NCode$ = Chr( NCode) ‘create ASCII character
ACode$ = Chr(ACode) ‘representations

FCode$ = Chr(FCode)

WriteString$ = NCode$ & ACode$ & FCode$

Call ibwrt (DSPLocation%, WriteString$) ‘Send the command
Call ibrd (DSPLocation%, Buffer$) ‘Receive the data

Length= ReclLength * 3
ReDim Data( RecLength) ‘Dimension the data array
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k=0

For i=1 To Length Step 3
result(1) = Asc(Mid( Buffer$, i, 1))
result(2) = Asc(Mid( Buffer$, i+1,1))
result(3) = Asc(Mid( Buffer$, i+2,1))

‘Convert the array to integers---------------------
Datal(k) = result(1) + (result(2) * 256) +
(result(3) * 65536)

‘Convert the integers to Volts
Datal(k) = ((Datal(k) / AverageNum) — 129) / 493

k=k+1
Next i

End Sub

A.4 Setting up the Digitizer/Averaging Memory

The power on state of the DSPsystem is nat suitable for taking data. Thereare a
few key variables that must beinitialized. A system initialization flow chart is
contained in figure A-2. Setting up the 200LA S digiti zer requires ®nding asingle
11-bit integer. The value of thisinteger determines the number of pretrigger
samples, record length, and sampling interval. Table A-4 containsthe crred bit
paositions for ead parameter. It isimportant to make sure the record length for the

4101andthe 2001AS are set to the same value.
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Parameter

Vaue

Bit Position

11]10]9[8[7]6[5[4[3][2]1
PreTrig |0 ~ [ -]=[=]-]-1=[=JoJo]o
Samples | 1/8 -~ === =]T=]=J]olo1
2/8 ~ == =]=]=T=]=Jof1]o0
3/8 ==l == =]=]=Jol1]1
4/8 ~ = === =1=]=]1Jo]o0
5/8 ==l === ]=]=J1]o0]1
6/8 ~ == =]=]=T=]=]1l17]o0
7/8 - e === =]11]1
Reord | 256 ~ == =Trlo1][~]—-1-
Length  |512 = =]=[=]1Jolo|[~[—-]-
1024 == =Jo 11~~~
2048 ==l =[=Jol1lo[—~]—-]-
4096 = =]=]=TJoJola[-]—-]-
8192 =l =]=[=TJoJolo[—~]-]-
16384 === =]l o[~-]—-]-
32768 NN
Sampling | 10rs ~ [ =JoJofo[-]=[=[-=]-1-
Interval | 20rs [ =Jolo 1 [ |=[=[=[-1-
50rs [ =Jolalo[-|=[=[=]-1-
100rs [ =Jo a1 [ - =[=]=[-1-
20015 =Tl olo [ -|=[=[=]-T-
50015 =il o 1=~~~
1000rs =l o[ ===~
ExtCk | - | - |11 1]~ |~ |~-|=]=]-=
Local 1 - [~ == -1T-1T=1-1-1T-
Remote O | - | =] =]-=]-=]-=]-=]-=1]-=1-=-

Table A-4. Bit pasitions for the setup parameters for the 2001AS.



4101: Enable LAM
F(26) A(0)

4101: Setup Memory
F(16) A(2) W(0)

4

4101: Disable Averaging
F(24) A(1)

4

4101 Set Record Length
F(17) A(0) W(##)

4

2001AS: Setup up Digitizer
F(16) A(0) W(##)

4

4101: Set Number of
Averages
F(17) A(0) W(##)

4101: Reset
F(9) A(0)

2001AS: Reset
F(9) A(0)

4

DSP system ready to
take data
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Figure A-2. Flow chart outlining the procedure for initiaizing the 41072001AS
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A.5 Using the Digitizer/Averaging Memory

Using the 2001AS/4101combinationisfairly straight forward, bu there ae
afew caveats. First of al, the signa inpu for the 2001AS hasa50 olm inpu
impedance. Also, the inpu dynamic range for the 2001ASis 0.5 vdts. Thereis
included onthe 2001AS atrimpot labeled “ Off set Adjust” which all ows the user to
move the 0.5 vdt input range éou 0.0 vdts. Currently, the off set adjust is st to
0.25 vadts, which al ows the 200JAS to accept voltages between —0.25 vdts and
0.25 vdts. Any voltages outside the range of the 2001AS are dipped.

The 2001ASisan &hit digiti zer which means the inpu voltage can take any
integer value between 0 and 255. Converting these values back into vdtage
requires knowledge of two parameters: the off set and the voltage step size. The
off set is easily changed onthe front panel of the 2001AS, bu the step sizeis built
into the analog to dgital circuitry of the 2001AS. Currently, the off set adjust is st
to 0.25 vdts or adigita value of 129. Thisimpliesthat agrounded inpu will
output adigital value of 129 avaue of —0.25 vdtswill yield adigital value of O;
and avalue of 0.25 vdtswill yield adigital value of 255. A plot of voltage vs
digital value for anumber of pointsis contained in figure A-3. The numbers from
this plot have been included in the software to convert the digital value to avoltage
value using the foll owing equation:

Voltage= dlgltal_anbe_rl— 129
493volts
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2001AS/4101 Voltage Calibration
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Figure A-3. Voltage cdibration dot for the 4101. The aove line has an intercept
of 129and aslope of 493 vdts™.

Be aware that the 4101does nat divide the values in its memory by the
number of sweeps. Inthat resped, it isnot arigorous averager , bu instead orly a

summer. It isupto the user to dvide the result by the number of sweeps aayuired.

A.6 The Scanner 1.0 Program

Scanner 1.0isthefirst program written to take alvantage of the ailiti es of
the 2001AS/4101combination. A line by line explanation d the mde is beyondthe
scope of thisthesis, but abrief overview of the dgorithms and equationsinvolved is
appropriate. The program is designed to be agraphical, user-friendy gated
integrator and frequency controll er to the F-Center laser in B214. The software uses

the DSPsystem for the aquisition d the transient absorbance signals and uses an
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inexpensive National Instruments A-D/D-A card for the aguisition d various other
DC voltages and laser frequency control. The software displays the ésorbance
signal, the TAC signal from a scanning fabry-perot etalon,andthe IR DC power .
The program uses a gated integration technique for gathering data & each
frequency. The user is able to choose the pasition and width of two gates, one that
includes baseline and the other that includes the transient absorbance signal. The
software sums the points in each gate and cdculates the difference That diff erence
can be compared to the IR DC level to yield an absorbance value. A flow chart

containing the dgorithm for the primary data taking loopis contained in figure A-4.
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Sum data in Get data in signal .| Sum data in signal
baseline gate gate gate
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"Stop" button
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Exit data taking
routine

Figure A-4. Flow chart outlining the data taking subroutine in Scanner 1.0.
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There ae afew notable features abou the loop contained in figure A-4.
First of all, ony the data within the gates is transferred from the DSP. This reduces
the anoun of data transferred and increases the speed at which data can be taken.

Sewndy, the eguation for cdculating the ésorbanceis as foll ows:

A=—In SignalSum-BaseSum 1
GateWidthx Gainx DCLevel

where Gain isthetotal gain of the subtracted signal and DCLevel isthe anourt of
IR light (in vdts) onthe referencedetedor. Thisequationisvalid aslong asthe
signa gate and the baseline gate ae of the same size, which isarequirement in this
particular version d Scanner.

Scanner 1.0 saves the data and parametersto abinary file. This savesdisk
space adfile accesstime. However, working with binary files requires forehand
knowledge of the order and type of variablesin thefile. Thefollowingisasection

of the subroutine that saves the binary file.

Open FileName For Binary As #3

Put#3 ,, Index ‘Number of data points (integer)
Put#3 ,, PreTrig ‘DSP pre-trigger samples (integer)
Put#3 ,, Samplinterval ‘DSP sampling interval (integer)
Put#3 ,, ReclLength ‘DSP record length (long integer)
Put#3 ,, Data ‘Data structure that holds all data
Close #3

The data structure Data has the foll owing format:

Type DataRecord

SignalData () As Single ‘Subtracted signal (Volts)
Absorbance() As Single ‘Calculated Absorbance
IRData () As Single ‘IR DC level (Volts)
TACdata () As Single ‘TAC data (Volts)

Average As Integer ‘Number of averages

Index As Long ‘Number of data points
FrequencyStep As Integer ‘F-Center Step size

Gain() As Single ‘Reported Gain at each point

SigGatel As Long ‘Index of start of signal gate



SigGate2 As Long
BaseGatel As Long
basegate2 As Long
GateWidth As Long
XScale As Long
Frequency() As Single

Frequencylndex As Long
FrequencyMarker () As Long

End Type

9(

‘Index of end of signal gate

‘Index of start of baseline gate

‘Index of end of baseline gate

‘Width of signal and bas eline gate
‘Scanner 1.0 horizontal zoom factor
‘Frequency of each point

‘Number of frequency markers in scan
‘Location of frequency markers

The sizes of eat datatype ae givenin table A-3.

In order to rea the binary fil e into ancther program, the programmer must

make a ompatible data structure to the one shown above. The adual data names

areirrelevant, bu the sizes of each variable and array are crucial. Next, ore must

open the proper file and real thefirst four integers (the last of whichisalong

integer). Now, thefile @an beread into the wmpatible structure. Thefollowing is

an example of aroutine that correctly reads a Scanner 1.0file:

'‘Scanner 1.0 Type Definition----------

Type ScannerlData

SignalData () As Single

Absorbance() As Single
IRData () As Single
TACdata () As Single
Average As Integer
Index As Long

FrequencyStep  As Integer

Gain() As Single
SigGatel As Long
SigGate2 As Long
BaseGatel As Long
BaseGate2 As Long
GateWidth As Long
XScale AslLong
Frequency() As Single

Frequencylndex  As Long
FrequencyMarker () As Long

End Type

'Dimension Some Local Variables----

Dim Scnl As ScannerlData



Dim PreTrig As Integer
Dim Samplnterval As Integer
Dim ReclLength As Long

'Open file for read- only ,binary  acces------

Open FileName For Binary Access Read As #1

'Get some initial data parameters---------

Get #1 ,, Index

Get#1 ,, PreTrig
Get#1 ,, Samplinterval
Get#1 ,, ReclLength

'Get Majority of data---------------------
Get#1 ,, Scnl

'Close File---------
Close #1
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