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Suamary 

This paper describes the basic design and 
philosophy of a real-cime, interferometer phase-
detection system used on the 2XIIB and THX 
magnetic-fusion experiments at the Lawrence Liver-
more Laboratory. This diagnostics system is now a 
satellite to a host computer and uses high-speed, 
emitter-coupled logic techniques to derive data on 
real-time phase relationships. The system's input 
signals can be derived from interferometer outputs 
over a wide range of reference frequencies. An 
LSI-11 microcomputer is the interface between the 
high-speed phase-detection logic, buffer memory, 
human interaction, and host computer. Ph ^ data 
on a storage CRT is immediately displayed after 
each experimental fusion shot. An operator can 
interrogate this phase data more closely from an 
interactive control panel, while the host computer 
is simultaneously examining the system's buffer 
memory or arming the system ?or the next shot. 

Introduction 

The Interferometer Phase-Detection System 
(IPDS) was originally designed to be a more accu
rate replacement for the microwave interferometer 
diagnostics now implemented on 2XIIB. The sys
tem will release valuable analog disk storage and 
free the existing HP 2100 host computer from 
the extremely lengthy calculations necessary to 
derive phase information. The current system 
derives phase data off-line and cannot follow rap
idly changing plasma densities. The IPDS will 
derive phase data in real-time and store this 
information in a buffer memory. Rapidly changing 
plasma denaities can be tracked eaaily without sac
rificing resolution. 

The IPDS records the phaae difference between 
a microwave signal passed through the plasma and a 
reference signal. Detection of phase differences 
can be accomplished using various kind* of inter
ferometers and an internal fractional-fringe clock 

that allows the accuracy of the system to be 
maintained with respect to different reference-
signal inputs. 

Some of the advantages of IPDS over the cur
rent interferometer diagnostics are: 

• The IPDS contains 8,192 words of buffer mem
ory that frees part of the host-computer system for 
other diagnostic uses. 

• The IPDS can be used on different inter
ferometers by varying the internal clocking rates 
through software. 

• The IPDS works in real time, BO phase data 
can be displayed immediately after an experimental 
shot. An operator or a diagnostics overseer cun 
interrogate this information immediately and can 
vary parameters before the next experimental shot. 

• The IPDS uses an LSI-11 as its central con
trol and interface element, so it can be interfaced 
to any hoat computer. This is done by changing the 
control program for the LSI-11 to be compatible 
with any type of interface structure. 

• The IFDS can bi either totally or partly 
computer controlled. The host computer can set 
critical diagnostic parameters or can read those 
that have been set by an operator. 

Currently, IPDS communicates to itB host com
puter using a Camac defined protocol (see Appen
dix) . This allows the UBe of a standard Camac 
interface driver that haB already been written for 
other diagnostic syBtems now implemented on 2XIIB. 
Adding more functions to the IPDS means simply 
programming more Camsc commands or defining more 
Camac pBeudomodules within IPDS. 

The IPDS was initially tested in November of 
1977 with a newly installed HON Icaer interferom
eter system. This system had a 100-kHt output 
reference signal and an output plasma signal that 
could vary several full fringes. The integrated 
system was to have a phase accuracy of 1/100 of a 
fringe with expansion to 1/200 of a fringe by sim
ple counter modification. A signal atability prob
lem was found in the HON laser system because of 
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mirror mounting in the 2XIIB vessel, which delayed 
detailed on-line checkout of the IPDS until the 
vessels could be brought to air sometime in Harch 
1978, and the mirror mountings repaired. In Feb
ruary of 1978 ve decided Co test IPDS on a micro
wave interferometer system that was experiencing 
tracking problems because of an overly rapid change 
in fringe shifts. The output of the system haB a 
60-mHz reference signal. The IPDS will be inter
faced to this microwave system by dividing the 
reference and plasma signals down by 60 which will 
enable IPDS to follow the microwave system with a 
resolution of 1/100 of a fringe. The division 
circuit will average th*» fringe shifts in time and 
bring the signal repetition rates to a trackable 
range for IPDS. 

Genera 1_ System Description 

Figure 1 shows a general block diagram of 
T?DS. The system is composed of three main units: 
the ECL phase-detection logic, the LSI-11 micro 
controller, and the control panel and operator 
•interface. 

The center of the system is the LSI-II micro 
controller functions as tie interface between all 
functional blocks. During system operation the 
micro controller communicates along three different 
paths: 

• Control and phase data into and out of the 
ECL phase detector. 

• Communications into and out of the HP 210'; 
host computer. 

• Control and status data into and out of the 
operator interface. 

During debug or system checkout the micro con
troller may also communicate with an EIA compatible 

- terminal that can be used for simulating or testing 
different aspects of the system. Through various 
hardware and software tradeoffs, IPDS can be easily 
rearranged because its central element is 
programmable. 

The control panel and operator interface 
module allows direct human interaction and immedi
ate interrogation of current phase data. It allows 
the diagnostics overseer to immediately review 
parameters and phase information without having to 
interact with the host computer. An operator can 
interrogate selected sections of the data more 
closely without modifying them. Because this path 
of experimental feedback is immediate, it should 
help stimulate experimental creativity. 

The signal-receiving and phase-detection por
tion of this system uses emitter-coupled logic 
(ECL). This type of technology was selected 
because extremely fast decisions are needed for 
control of phase counters. The ECL phase detector 
accepts two signals from the ongoing experiment: a 
"reference" signal and a "plasma" signal. The 
plasma signal is a version of the reference signal 
that has passed through the 2X11B pLasma and picked 
up delay proportional to plasma density. The phase 
detector takes sine-wave signals, detects a zero 
crossing, and converts this data to ECL logic 
pulses. These signals are then sent through a 
decision pipeline thai: controls the phase counters 
and latches the instantaneous phase data in 
real-time. Phase data is transferred into the 
micro-controller data buffer via a direct memory 
access (DMA) channel. This process makes high 
sample rates of the plastaa density possible. The 
phase detector uses not only a new ECL type of 
technology, but also an experimental type of wire-
wrap breadboard. In the past wirewrap ECL was not 
deemed acceptable for this type of application. 
This technique is described later in this report. 

The HP 2100 host computer interfaces to the 
LSI-11 micro controller and sees, via emulation, a 
Camac crate with various modules that it can poll 
(see Appendix). This emulation is used to simplify 
the software interface between the host computer 
and the 2X1IB diagnostics system interface. Thus 
the host-computer interface is actually all soft
ware. 

Fig. 1. IPDS block diagram. 
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On the front of the micro controller, a plug 
labeled EXA interface allows a user to interact 
with the LSI-11 during debug or system modifica
tions. As indicated in Fig. I, the user need not 
interact with the host computer or the operator 
interface for the system to run. Control functions 
in IPDS may be initiated from the host computer 
automatically. Because the host has control of 
manual input functions, the link between the user 
and IPDS can be effectively turned off, and in many 
environments this option might be necessary. 

LSI-11 Micro Controller Description 

An LSI-11 microcomputer was chosen as the IPDS 
controller based on the following criteria: 

• 16-bit word length 
• Direct Memory Access (DMA) 
• Minimum software development time 
• Easy expansion because of a standard bus 

structure 
• Availability of spare parts. 

Figure 2 shows a front view of the microcontroller 
chassis- Figure 3 shows an exposed view of the pop 
up backplane and how the controller modules are 
mounted in the backplane for eaoy maintenance. 

Figure 4 shows the configuration of the LSI-11 
micro controller, and Fig. 5 shows the physical 
LSI-11 backplane configuration. The bus structure 
of the LSI-11 allows a standard way of interfacing 
peripherals. 

2 
• The KD11-F processor on-board memory and 

the refresh option are disabled to remove the 
dynamic RAH from the system, which eliminates the 
need for dynamic refresh in the system. It was 
assumed that at DMA speeds exceeding 5 pa, the 
refresh would destroy the time integrity of the 
phase-data samples. The RAM processor was kept to 
maintain system backups that are necessary in the 
2X1IB environment. 

• Because the interface to the host computer 
2 is a parallel path, the DRV11 parallel-interface 

card can provide a simple means of interfacing. 
2 

• The KtfVll-A ia used as the data-
acquisition clock. The clock overflow is tied to 
the DMA interface board which allows programmable 
DMA at selectable rates. The DMA board was 
configured to run in a single-cycle mode so that 
the phase data could be transferred at selectable 
rates from 2.86 to 99 us while the processor 
resided in a wait state. These cycles are 
initiated by the KWVli-A. programmable clock. 

9 The DRVII-B 2 (DMA) interface board links 
the ECL phase detector and the system buffer memory. 

• An EMM 7711 static memory board provides 16k 
words of data buffer and control memory necessary 
for the long DMA trrnsfers. 

• A storage oscilloscope controlled by a Data 
Translation 1761 scope-control board ia used to 
display phase data after an experimental shot. 

Fig. 2. IPDS Microcontroller (front view). 

• The control panel iB interfaced to the proc
essor bus by a DRV11 parallel interface. This 
board enables the "system reset" interrupt as well 
as the "display phase data" interrupt. The 16-bit 
output register is used to display status of the 
system, and the input regist.ar and CSR control bits 
are used to read positions of the thumb-wheel 
switches used for data entry. 

• The DLV11 serial line interface is con
nected to the £ZA compatible debug link. This 
interface board allows the use of a console device 
when processor control is necessary. 

Fig. 3, IPDS pop up backplane. 
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1st plane 

2nd plane 

Fig. 5. LSI-11 back plane config
uration. 

• The B2V11-A bus terminator and boot strap 
ROM terminates the LSI-11 bus. The BOM contains 
various useful codea that may be called upon: an 
absolute loader, a relocating loader, processor 
diagnostics, memory diagnostics, and a floppy-disk 
bootstrap. These are helpful during tjie debug 
state and in interim system checkouts. 

The REV11-A vas modified as described in DEC 
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micronote-11 to protect the processor from halt
ing during false interrupt transactions because of 
control room noise coupling into the Q-bus. During 
these noisy events, the processor will vector 
through location 0 which restarts the control 
program and maintains controller integrity-

IPDS Control Unit 

Figure 6 shows the front panel of the IPDS 
Conrol Unit which is the human interface of the 
syatem. After an experimental shot, the stored 
phase data is displayed on the storage scope with 
respect to tiae. If the operator finds a segment 
of data he would like to look at more closely, he 
adjusts the display controls accordingly. Beneath 
the display controls is d system reset BWitch. If 
the host computer malfunctions or a trigger pulBe 
does not occur, operation of the "system reset" 
will release IPDS from its current state, totally 
reinitiate the control code and put it in a wait 
state. Other features on the control panel are: 
manual entry of control parameters, indication of 
syatem status, and indication of system error modes. 

Figure 7 is a block diagram of the IPDS opera
tor interface. External data-entry controls are 
multiplexed into a DKV11 parallel-line interface. 
The front panel pushbuttons are debounced causing 



ECL Phase Detector Description 

Fig. 6. IFDS control unit (front panel). 

interrupts through the DRV11 board. The status 
indicators are driven by open collector lamp 
drivers that are driven by the output register of 
the same DRVII. The Tektronica 603 display monitor 
is mounted in the control box, and interface is 
totally with the Data Translation 1761 scope con
trol board. 

The front end of IPDS consists basically of 
two high-speed digital counters that are controlled 
in a synchronous manner with a system clocking fre
quency of 100 MHz. To enable control of these 
counters at the necessary rates, emitter coupled 
logic (ECL) and logic pipelining (described later) 
were used. In the ECL phase detector (Fig. 8), the 
system reference clock outputs a TTL level at 100 
HHz. This clock signal is level converted from TTL 
to ECL levels. Once it becomes ECL it is driven 
differentially via twisted-pair wiring throughout 
the system always observing transmission line 
characteristics. Each segment of the system that 
needs the reference clock receives the dif
ferential signal and converts it to single ended in 
its localized area. Hence, each ECL board or 
respective logic function has its own local clock 
that protects against the problems of clock skew. 
The "reference" and the "plasma" interferometer 
signals enter the system on the left and are opti
cally isolated, shaped, and converted to ECL 
levels. The reference input looks like a pulBe 
train that is shifted in phase from the reference 
signal as a function of plasma density. 

The phase-detector system is made up of two 
isolated counter networks: The fringe counter that 
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Fig. 7. Block diagram of operator interface. 
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Fig. 8. Block diagram of ECL phase detector. 

records ttie number of full cycles that the plasma 
Bignal has shifted from the reference signal, and a 
fractional fringe counter that records how many 
incremental units of a aoftwave, selectable clock 
Che phase signal is lagging the previous reference 
signal. From the number of fringes the plasma sig
nal has shifted and the number of fractional 
fringes the plasma signal is lagging the previous 
reference pulse, instantaneous phase data can be 
derived in real-time. 

For clarity, we will deacribe these two coun
ter sections separately. We begin by following the 
flow and describing the fractional-fringe counter. 
To maintain some fractional-fringe resolution Y. 
the fractional-fringe counter must be clocked at a 
rate that is at least y times the reference 
frequency of the interferometer reference output 
frequency. This fractional-fringe counting 
frequency is derived from the signal-level transla
tion block in Fig. 8. This fractional-fringe coun
ter clock is then transmitted differentially via 
twisted pair to the fringe and fractional-fringe 
phase incremental countera and associated hard
ware. When it arrives, it is resynchronized to 
that network's local clock. The positivii-going 
edge of the reference pulse enables the fractional-
fringe counters, and the poaitive edge of the 
plasma pulae diaables them. Coincidence of these 
signals resets and starts the counters. Each ref
erence pulse that goes by also clears the counters 
and restarts them. In this way the fractional-
fringe counter will always keep track of how far in 
cine a plasma pulse is behind a previous reference 
pulae. 

Ripple counters are used because of their high 
toggle rate. One of the problems of using ripple 
counters is that when they are disabled it cakes 
tine for all tha outputs to ripple down and set
tle. We solved this problem by using a dual-

counter configuration. When one counter is dis
abled by a plasma pulse, the opposite counter is 
prepared for counting. In this way the information 
on one counter can be read out while its opposite 
counter is being used for the next cycle. Figure 9 
shows a block diagram of the fractional-fringe 
counter and associated control, and how each of 
these dual counters is selected. 

The fringe counter keeps track of how many 
full cycles the plasma pulse is lagging the ref
erence pulse. This is accomplished by using ECL 
up-down counters. Every time a reference pulse is 
encountered the fringe counters count up one. When 
a plasma pulse is encountered the fringe counter 
counts down one (pulse coincidence does not acti
vate the counter). This method allows us to keep 
track of the current state of the plasma and ref
erence signals. Read out of the fringe and frac
tional-fringe counters is done at every plasma-
pulBe time which enables real-time viewing of the 
current phase status. 

Inherent delays from aet up and time-in prop
agation make control of the fringe countera dif
ficult. To eliminate this problem, we used logic 
pipelining techniques. Pipelining ia a method by 
which the delay of a complex logic function can be 
segmented; that ia, divided into smaller piecea 
separated by clocked buff era. This allowa fast 
decisions to be made once the pipeline is full. 
Because the system operates in real time, the delay 
between the plasma pulae and valid data becomea the 
length of the pipeline. The maximum delay of the 
logic pipeline is 130 ns. This means that 130 na 
(plus some buffering time) after a plasma pulse is 
encountered real-time phase data may be read into 
buffer memory. The pipeline is used to make deci
sions baaed on signals clocked through it. Inputs 
are then set up for the fringe-counter sequencer. 
When the sequencer ia enabled the fringe-counter 
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inputs are stepped through various states that pro
duce the correct counting up or down, or no count
ing at all. Figure 10 shows a block diagram of the 
pipeline logic and how it functions. 

Figure 11a shows a top view of the ECL phase-
detection logic chassis. The wire-wrap boards are 

mounted upside down to facilitate proper forced-air 
cooling of the integrated circuits. The large cop
per strips are the VCC, (0 volt) bus. This bus
sing technique keeps ground loops and power dis
tribution noise problems to a minimum. Notice the 
differential twisted pairs used for subsystem 
interconnec t ions. 
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Fig. 10. Fringe counter pipeline log ic . 
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Fig. 11. Phase-detection logic chassis (a) top view 
* (b) chassis with card rack up. 

Figure lib shows the same chassis with the 
card rack popped up. Laminated power bus bars are 
used to interconnect between Vtt and Vee circuit 
cards. Transmission termination cards are placed 
every two rows of EGL chips as needed enabling 
effective line termination. Notice the system ref
erence clock mounted in lower middle. The inter
ferometer interface card is not installed, but its 
position is reserved at lower left. 

ECL Prototype and Breadboarding Techniques 

To facilitate the changes during debugging and 
prototypingt we decided to experiment with a new 
ECL wirewrapping technique. The possibility of 
testing many generations of circuit board artworks 
was not attractive but after searching the markets 
for available breadboarding techniques for ECL, we 
found a CASH card system especially designed for 
ECL prototyping and breadboard work. Figure 12 
shows an ECL cash card. These cards were designed 
to handle ECL 10,000 series and ECL series 111. 
Some of the special qualities of this card series 
are: 

• Low-impedance power distribution. These 
cards were designed to interconnect with heavy lam' 
inated bus bars to create a continuous system power 
and ground plane. 

• Heavy power and ground planes on each card. 
• Proper etching enabling us to bring on the 

card all voltages necessary to run ECL. 
0 Uncommitted power distribution near each 

chip. Smaller wirewrap posts are available at each 
chip, allowing us to wirewrap to VCC or VEE. 

• The VCC plane located on the bottom of the 
board. This allowed us to use PG clips for power 
and ground — a good noise-prevention technique. 
Because the VCC plane is on the bottom of the 
board, the signal interconnections, if laid closely 
against this plane, tend to have a more even and 
lower impedance. 

One of the more interesting qualities of the 
ECL cash cards is resistor mounting. These cards 
have a unique system for mounting the large number 
of termination pull-up and pull-down resistors 
required with high-speed ECL circuits. Discrete 
1/4-W resistors are mounted on resistor-termination 
cards that plug into 60-pin edge card connectors 
that are provided on all ECL cards except special 
purpose ECL-TTL translator cards. Each resistor-
termination card contains etch pads for individ
ually terminating 44 resistors to VCC or the ECL 
termination voltage VTT. The 60-pin edge con
nectors are located on the ECL cards between rows 
of dip sockets. This puts the termination pin as 
close as possible to every dip socket. Etched VCC 

Fig. 12. ECL cash card. 



and VTT planeB on the termination cards are 
actually extensions of the planes on the ECL cash 
cards. This feature carries the capacitance plane 
characteristic as close as possible to the resis
tors. 

Using ECL wirewrap is certainly not as clean 
as using PC boards. There are impedance discon
tinuities at all the wirewrap pins, and the ECL 
circuits must be designed to tolerate the discon
tinuities. In all cases, when using the wirewrap 
cards, we used transmission-line techniques, so all 
signal lines are series in nature and have no "tee" 
branches. 

All transmission lines are terminated at the 
end of a series string. By experimentation we 
found that, using number 30 Kynar wire, we could 
terminate these series strings effectively with 
82 fi. When going from one card to another, we 
use the ECL differential line drivers and line 
receivers. This approach was chosen to guard 
against noise and possible dc offsets between the 
ground planes. When going from one board to 
another or one logic function to another, we always 
resynchroniLe to the local clock. This method is 
used because a signal degrades as it goes through 
wirewrap pins, and we can regenerate the signal 
with synchronization flip flaps before appreciable 
degrading occurs. 

The differential lines are terminated with 
120 ft on one receiving end and 270 ft on the 
other, with each line considered a single-ended 
line. Signal chains should not be loaded more than 
8 to 10 loads; we found that when they are much 
longer the system clock signals degraded consider
ably. ECL chips use a lot of power and tend to run 
hot, so proper precautions should be taken for 
system ceding when designing the logic chassis. 

Some advantages of ECL 4,5 over TTL are: 
« The current drain per chip is the same for 

the high and low output states which reduces noise 
generated in the system. 

• Many ECL chips supply an inverse output as 
well as the noninverted output. This facilitates 
differential line driving, and less chips are 
needed to produce various logic functions. 

$ ECL is good for driving transmission lines 
because of the emitter-follower outputs, therefore, 
long lines can be driven with ECL. The ends of 
these lines can be terminated and matched to the 
transmission lines. 

• ECL is much faster than TTL (probably the 
greatest advantage). The rise and fall times of 
series III £CL are approximately 1 ns. The rise 
and fall tiiues of MECL 10,000 are approximately 
3 ns. These speeds are extremely high even in com
parison to Schottky TTL. 

s ECL ties a "wired-or" output capability. The 
outputs of many ECL chips may be wired together 
and, using positive true logic, they produce the 
"OR" function. 

Some of the disadvantages of ECL compared to 
TTL are: 

• ECL has a high current drain. 
• Transmission lines are necessary to build a 

proper prototype. 
'• Resistors must be connected to outputs of 

chips for the chips to be viewed. 
• The ECL logic levels are n»vch lower, hence, 

a smaller noise margin, 
• When a logic function is changed, the trans

mission-line configuration must also be modified. 
• Host logic designers are unfamilar with the 

use and application of ECL. 

Conclusion 

The LSI-11 microcomputer is an effective, cen
tral interface for data-aquisition systems. In 
such systems, major configuration changes can be 
made by minor software changes. Systems near com
pletion need not be fixed in design when the proper 
hardware and software tradeoffs were initially 
chosen. Changeovers to different host-computei 
systems are easy when the communication structure 
is a function of software. 

Direct memory access is a good approach to 
moving data from a dedicated diagnostics box into a 
buffer memory via a bus system because the micro
computer can actually "step out" of the picture 
during the data transfer. This approach greatly 
reduces the necessary software overhead. In inter
rupt driven data-acquisition systems, several func
tions can occur at once without interacting or 
interfering with each other. The example here 
allows simultaneous data acquisition, host communi
cations, and human interaction. 

Emitter-coupled logic is a good technology for 
systems making fast, digitally-oriented decisions. 
The ECL family is large enough that design selec
tions are easy. In terms of logic, the ECL family 
is easier to design with than the TTL family 
because most of the chips have complementary 
outputs. 

Building a prototype with ECL is more dif
ficult than with the more common logic families. 
When designing with fast logic, transmission lines 
should always be used. Wire wrapping of prototype 
ECL can be done, but considerable caution should be 
used. Resynchronizing signals should be common 
practice throughout the circuit. Differential 
transmission with twisted pairs should be used to 
minimize noise and grounding problems whenever pos
sible. When very high-speed logic functions are 
necessary, pipelining should be used whenever pos
sible. 
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APPENDIX: HP Computer Control of the Interferometer 
Phase-Detection System 

Communications between IPDS and the HP 2100 
host computer occur along a single HP I/O port. 
All communications are promoted by the host com
puter. 

The LSI-ll emulates a CAHAC crate with a Borer 
1S31A HP interface and four crate modules. The 
emulation produced has the following structure: 

Module 
Crate controller 
Buffer memory 
Data-acquisition clock 
Data word count register 
Control panel 

Slot address 
NTOT 
N(l) 
N(2) 
N(3) 
N(4) 

The instruction-word format used to control 
the IPDS takes the form of the Borer 1513A aingle-
inatruction-mode control word. The fields are laid 
out in the following manner: 

fields I 0 I 

bits 15 

1 « I I F 

14 13-9 8-5 4-0 

Borer 1513A CAHAC Instruction Word 

Setting the encode from the host computer 
causes the IPDS to be interrupted and a control 
word of this structure to be read. Upon accepting 
the control word from IPDS, the flag of the host 
computer 13 set and encode is automatically cleared. 

A sample HP driver to output a control word or 
parameter to IPDS looks as follows: 

OUTN 
NOP 
OUTA H 
STC H,C 
S7S N 
JMP *-l 
JMP OUTN.L 

The host computer reads a word from IPDS in a 
similar manner. The following subroutine is used 
to read from IPDS: 

INN 
NOP 
CLA 
STC N,C 
SFS N 
JMP *-l 
LIA N 
JMP INN, I 

Using these types of subroutines for communi
cation ensures a goad handshake between the host 
computer and IPDS. 

The control functions shown in Table Al have 
been implemented on IPDS. More functions can be 
implemented as the need arises. 

N(0) Functions 

Subaddress A(l) is considered the system sta
tus register. Only read function FCO) is allowed. 

Table Al. Control functions on IPDS. 

Module 
Slot addresn Subaddress 

N A 
Function 

F 
System crate controller N(0) 

Phase data buffer memory N(l) 

Data acquisition clock-rate register N(2) 

Data-acquisition word-count register N(3) 

Control panel thumbwheel switches N(4) 

A(l) 
A(0) 
A(0) 
A(0) 
A(0) 
A(0) 
A(0) 
A(0) 
A(l) 
A(l) 
A(0) 

ACO) 

A(0) ACU 
A(2) 
A(3) 

F(0) Read status 
F(4) Clear all error status 
F(7) Enable manual parameters 
F{12) Disable manual parameters 
F(26) System arm 
F(30) System initialize 
F(0) Read entire buffer 
F(l) Read selected segment 
F(17) Set start add 
F(16) Set buffer length 
F(0) Read clock parameter 
F(16) Set clock parameter 
F(0) Read data count 
F(16) Set data count 
F(0) Read last display data point 
F(0) Read first display data point 
F(0) Read data acquisition clock rate 
F(0) Read data word count 
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After transmitting an N(0)A(1)F(0), using a sub
routine similar to OUT H, the host should then call 
JNH to read the contents of the system-status 
register. The bit definitions for this register 
are as shown in Table A2. 

Table A2. IFDS status feedback. 

Bit Feedback 
0 
1 
2 
3 
4 
5 and 14 
6 
7 
8 and 
9 

13 

Display data error 
Sample-race error, default used 
Data-count input error, default used 
Manual parameters enabled 
Hot implemented 
System ready 
System armed 
Acquisition completed, data ready 
Communications error 
Generating display 

Subaddress A(0) is the system control reg
ister. By addressing N(0)A(0) and selecting the 
proper function code, the host computer can cause 
various system functions to occur within IFDS. 

By selecting F(4), the host computer can clear 
all error states that have occurred. These states 
include bits 0, 1, 2, 8, and 13 in the system-
status register. 

Selecting F(7) will enable the use of manual 
parameters (read from the control panel at arm 
time) to be used as control for the data-
acquisition clock and data word counter. 

Selecting F(12) will disable the use of the 
manual parameters. The IPDS will use previously 
stored parameters; which will already be in the 
clock-rate and data word-count registers. 

Selecting F(26) will arm IPD°, load the date 
word-count register and data rate register as 
selected by the previous F(7) or F(12), set stat 
bits, and allow operations to occur at the selected 
zero time trigger. 

If an F(26) (arm IPDS) was selected, a pre
vious F(7) was executed (manual parameters ena
bled) , and an out of bounds manual parameter is 
read into either the data-rate register or the data 
word-count register from the control panel, tVDS 
will set either bit 1 or bit 2, respectively, and 
assign preselected default values to those reg
isters. The arming process will continue to allow 
data acquisition. These status bits can be reset 
by either an F(4) from the host computer or a 
system reset. 

Selecting F(30) will reinitialise IFDS. This 
initialization is a software equivalent of pressing 
the "system reset" button on the control panel. 
The F(30) or "system reset" interrupt is accom
plished via a software jump through location 0 in 
memory which contains a jimp instruction to the 
beginning of the control program. During the rein
itialisation process, all interrupt vectors are 
relinked, hardware is reinitialized and buffer mem
ory ia loaded with ramp beginning with 1 and ending 
with 8192. 

H(l) Functions 

Subaddress A(0) selects the phase-data buffer-
memory port. Only read functions F(0) and F(l) are 
allowed. After Che host transmits an N(1)A(0)F(0) 
using the appropriate format, the host expect.i to 
receive N words of phase data from buffer memory, 
where H is either the data word count that was pre
viously loaded into the data word-count register at 
the last arm time or the last data word-count 
parameter loaded by the host computer, whichever 
occurred last. After each phase word is trans
mitted by IPDS, the host computer flag is set, 
signaling the transaction has occurred. 

Subaddress A(l) selects the buffer-memory con
trol port. To read a select block of phase data 
from the buffer memory, the host computer must out
put an N(1)A(1)F(17) and then the starting address 
in buffer memory, where this address is between 1 
and the current data word count. The host computer 
must also output the block length to be read start
ing at this address. This is done by writing to 
IPDS an N(1)A(1)F(16) and then block length. This 
block length should also be less thsn the current 
data word count. When the host is ready for this 
transfer, it should output an H(l)A(0)F(l). The 
transfer will occur as did the H(1)A(0)F(0) except 
that it will begin at the starting address speci
fied and be the specified length. 

K(2) Functions 

Subaddress A(0) selects the dsta-acquisition 
clock-rate register. Only read function F(0) and 
write function F(16) are allowed. The host com
puter transmits to IPDS an N(2)A(0)F(0) to read the 
clock-rate register. The host should then expect 
to read the binary word signifying the number of 
microseconds in the clock period. The host com
puter may set the data-acquisition clock rate by 
transmitting to IFDS an N(2)A(0)F(16) and then a 
binary number signifying the number of microseconds 
in the clock period from 4 to 99 (is. If an out 
of bounds value is transmitted to IPDS, the system 
tfill set bit 6 (communications error) in the 
system-status register and then go into wait state. 

N(3) Functions 

Subaddress A(0) selects Che dsta word-count 
register. Only read function F(0) and write func
tion F(16) are allowed. The host computer trans
mits to IPDS an N(3)A(0)F(0) to read the data word-
count register. If the manual parameters are dis
abled, the host should then read the binary word 
signifying the number of phase-data words IPDS will 
accept during the data acquisition. The host can 
set the data word-count register by transmitting an 
N(3)A(0)F(16) to IPDS and then a binary number 
signifying the cumber of phase data words to accept 
during the acquisition. Thin binsry number should 
be between 1 and 8192. If the binary word received 
is out of bounds, IPDS will set bit 8 in the system 
status register and go into wait state. 

N(4) Functions 

Slot address N(4) selects the IPDS control 
panel. Four banks of thumbwheel awitches may be 
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read by selecting A(0) through A(3). Only read 
function F{0) is allowed. The host computer may 
read a bank of thumbweel switches by transmitting a 
N(4)A(0-3)F(0) and then reading the setting of that 
awitch bank. Subaddress A(0) eelects the last dis
play data point or last select block date point. 
Subaddress A(l) selects the first display data 
point or first select block data point. Subaddress 
A(2) selects data-acquisition clock-rate switch 
bank and A(3) selects the data word-count switch 
bank. All banks are read in BCD format. 

If a misconnunicatian occurs or an undefined 
CAHAC command is transmitted to AFDS, bit 8 in the 
status register will be set and IFDS will go into a 
wait state. 
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NOTICE 
"This report was prepared as an account of work 
sponsored by the United States Government. 
Neither the United States nor the United States 
Department of Energy, nor any of their employees, 
nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or 
implied, or assumes any legal liability or respon
sibility for the accuracy, completeness or 
usefulness of any information, apparatus, product 
or process disclosed, or represents that its use 
would not infringe privately-owned rights." 
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