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FERllILAB ACCELERATOR CONTROL SYSTEll 
ANALOG llONITORING FACILITIES 

K. Seino, L. Anderson, J. S•edinghoff 
Fermi National Accelerator Laboratory 

P. 0. Box 500, 115307 
Batavia, IL 60510, USA 

Thousands of analog signals are aonitored in 
different areas of the Ferailab accelerator 
complex. For general purposes, analog signals are 
sent over coaxial or twinaxial cables with ~arying 
lengths, collected at fan-in boxes and digiti•ed 
with 12 bit multiplexed Al>Cs. For higher 
resolution requirements, analog signal1 are 
digitized at sources and are aerially sent to the 
control system. This paper surYeys ADC subsystems 
that a.re used with the accelerator control systeas 
and discusses pratical problems and solutions, and 
it describes how analog data are presented on the 
console lf)'&tea. 

Introduction 

In the early 1Q70's, E. Anderson, R. Ducar, C. 
Tool and others had purchased general purpose 12 
bit multiplexed ADCs (MADCs) from Dynamic Systea 
Electronics (DSE) Corp. and other companies. Those 
MADCs had or have been used in the linear 
accelerator (LINAC), the booster, the switchyard 
and the Main Ring. In 197Q, K. Seino designed new 
KADCs in order to replace ailing old MADCs in the 
Main Ring and the awitchyard. However, the 
majority of them were diverted to newly eTolTing 
areas such as the Tevatron and the p-bar. When 
work was done for these areas, R. Ducar and others 
designed a fan-in box, and they established a 
standard bow analog signals should be connected t.o 
the IUJ)C, In 1983, W. Knopf, A. Thomas and others 
designed a new intelligent MADC controller called 
CAMAC 1go, many of which are widely used in the 
accelerator division of the Fermilab. 

In 1gss 1 L. Anderson, M. Shea and others 
designed and installed llIL-1553B based 14 bit ADC 
systems for accurately measuring magnet currents in 
the p-bar facility. When M. Shea and others 
upgraded the LINAC control system in 1983, they 
designed and built ADC chasses, which were 
controlled by a binary 1/0 board in llultibus 
crates. For other subsystems such as the T&eUUll 
control system and the refrigeration control 
system, Multibus ADC boards are used. Soae of thea 
were designed and built in house, and soae others 
were purchased from outside. 

For console displays, J. Saedinghoff and others 
haTe deTelopi5d a parameter program. and a continuous 
fast ti•e plot program (FTP), and are planning to 
impleaent a snapshot fast tiae plot prograa in the 
future. These programs are uni•ersal and U9&ble 
with different sources of data which return froa 
different are&S of the accelerator complex. 

ADC systems 

General purpose KADC 

Thousands of analog signals are monitored in 
different areas of the Fer11ilab accelerator 
complex. Most of analog signals are digiti•ed with 
12 bit llADCs (llultiplexed ADCs). Original llADC 
uni ts bad been purchased froa outside, and these 
units are being replaced with newer KADCs which 
were designed in house. 

The llADC was designed in house back in 1979 [1] 
in order to satisfy the following objectives. 
(1) Use the latest coaponents, ICs and 

subasse•blies to aake the unit reliable. 

(2) Make the unit aodular for easy maintenance and 
repair work. 

(3) Wake the unit electrically and mechanically 
compatible with old ones so as to replace them 
without holding back the accelerator operation 
for long pi5riods of time. 

The functional blocks of the MADC are 
aultiplexers, an instrumentation amplifier, a 
saaple and hold, an ADC, display/ control circuits 
and power supplies. Two stages of multiplexers 
were eaplo7ed in order to aultiplex 64 differential 
analog inputs. In the first stage, 64 differential 
inputs were •ultiplexed with 8 aultiplexers, 
yielding 8 differential outputs. Further in the 
second stage, 8 differential inputs were reduced to 
one differential output. Harris Semiconductor HI-
607A differential 8 channel multiplexers functioned 
yery well with low leakage. The instrumentation 
amplifier was built with three high speed 
operational amplifiers (Analog Devices AD509). The 
amplifier had a temperature coefficient of better 
than 0.01 I/ Deg C, a common aode rejection ratio 
of greater tha.n 74 dB at 60 Hz and a settling time 
of 6 us t.o 0.01 S. The sample/ hold 1faS Burr Brown 
SBlf60, and the ADC was Burr Brown ADC60-12. 

Analog signals originates at Tarious locations 
in the accelerator complex. They are sent oTer 
coaxial or twinaxial cables with Tarying lengths 
and a.re collected at fan-in boxes (or called analog 
entry boxes). The fan-in box is typically •ounted 
on the top of a relay rack, in which the WADC unit 
is installed. Analog signals are fed from the fan­
in box t.o the MADC Tia aultiple pair cables, which 
are terminated with •ulti-contact round shell 
connectors at the MADC end. CAKAC 1go •odule, 
which resides in the same rack as the MADC or the 

Fig. 1. Components of the general purpose llADC 
system. 



one next to it, reads the )(ADC data and sends them 
to the accelerator control network (ACNET). The 
components of the general purpose KADC system is 
shown in Fig. 1. 

A second generation KADC is now being designed. 
Over 120 units of the first generation have been 
produced and installed, and they have been well 
-.ccepted by users ,in the Ferailab accelerator 
division. Bowever, there were difficulties in 
getting units aase•bled b7 subcontractors. The 
second generation MA.DC is being developed with the 
following objectives. 
(1) Use commercially available parts for the 

chassis and the card cage. 
(2) Completely eli•inate wire wrapping, aa.ss 

tenainate all wires and cables and aake the• 
detachable subasseeblies. 

(3) Make power supplies as removable modules so 
that they can be replaced easily. 

(4) Use a LCD display and a touch sensitiTe 8'1t'itch 
assembl1 for the front panel displa7 and 
controls. 

Sigh resolution ADC system 

When p-bar systems people requested 14 bit ADC 
readings on some of their magnet currents, we lirst 
studied possibilities of replacing a 12 bit ADC 
with a 14 bit ADC in the general purpose KADC. 
However, because voltage sources would be widely 
scattered in service buildings and because there 
would be large ground loop problems, a decision was 
ea.de to digitize analog signals at sources and to 
transmit data via a serial link to the ACNET. 

The lflL-1553B standard was chosen for the 
aerial link. Tbe ADC module, the Remote Ter11inal 
(RT) module and po•er supply modules were hous~d in 
an Eurocard Compac case or a 19' Subrack. The 
CAM.AC 1553 controller module is located in a CAMAC 
cr&te &long ~ith the CAllAC 190 KA.DC controller 
module. The lQO module sends a channel number and 
a stTobe to the 1553 module, and it waits. The 
1553 module executes a 1553 cycle, sending a 
command to the RT module and receiving statu6 and 
data words from the RT module. The 190 aodule then 
reads the data from the 1553 module. The entiTe 
read cycle takes approximately 100 us. The 1553 
data bus consists of a single run of a twinaxial 
cable (RG108A/U) terminated at both ends of the 
cable. The RT modules and the controller are 
passively coupled to the data bus using 
transforaers and isolation resistors. One 1553 
eontroller can control up to 30 RT •odules. The 
components of the 1553 based 14 bit ADC srstea are 

-shown in Fig. 2. 

CC130 KA.DC controller module 

The CC130 MA.DC controller •odule was designed 
for the Main Ring control system by K. UcGown back 
in 1978. This design was the first atte•pt to 
store digitised llADC data into a local •emorr so 
that the front end computer could empty the buffer 
•emory by reading the data at its conTenience. 
Thia •odule was designed ~ith TTL logic circuits 
without using any •icroprocessor. However, it 
perforas a variety of things. 
(1) Single channel read (two oingle channels). 
(2) List read Tia block transfer. 
(3) Storing up to 2048 words for up to four 

channels, with programmable sa.mple rates, •itb 
intern&l or extern&} ar./ disa.rs. 

CAllAC 190 llADC controller aodule 

The CAllAC 190 llADC controller 11<>dule was 
initially designed for the Tevatron control system 
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Fig. 2. Co•ponents of the 1553 based 14 bit ADC 
system. 

by•· Knopf, A. Thomas et al. in 1983 and 1984 [2]. 
This desigP was done in a sophisticated way using 
Zilog Z8002 eicroproeessor, In~el 808Q I/0 
processor, Tevatron clock decoder, timers and 
others. It is Tersatile and can be operated in 
many different ways. The following summarizes the 
main features of this •od.ule. 
(1) Six plot channels of time-stamped recording in 

pre-trigger, post trigger or continuous 
collection mode. Simultaneous non-interfering 
collection on all six plot channels with sample 
rates up to 2.1 KBe per channel. Single plot 
channel •ith 111ample rates up to 70 KBr:. 

(2) Up to eight lists of ti•e-stamped readings of 
all channels (or contiguous subset of channels) 
collected at specified times. 

(3) Local alarm 90nitoring of any data collected in 
list mode. 

(4) Arm and trigger on all modes utilizing 
combin•tions of external inputs, coded clock 
eTents and prograaaa.ble internal rate 
generators. 

(5) 

(6) 

(7) 

Internal decoding ol events on the TeTatron 
clock. 
Data read Tia the TeTatron block transfer at 
the U.Xill\lll rate of 285 11/ sec. 
Full support for MADC with up to 128 analog 
inputs. 

Other ADC !l•tees 

K. Shea designed and installed the LINAC 
(Linear Aecelerat.or) control ayste• using IBll.'s 
SDLC (Synchronous Data Link Control). For the 
LINAC control system, he used COllllercial ADC boards 
(Datel ST800-S32, Multibus) in noisy areas, and he 
designed and built ADC chasses for less noisy 
areas. The ch-.ssia receiTes 16 analog input 
signals Tia two 8-pin coaxial connectors. Bach 
channel of ana.log signals ia routed to • •aaple/ 
hold amplifier (B-.rris 2425), and the outputs of 
these amplifiers are input to a 16 channel 
aultiplexed ADC (Analogic 6812). The digitioed 
output is buffered with tri-state devices and 
routed through 50 conductor connectors and cables. 
A 11u1tin1P of r.h"-~~"°':<> ,_.,..,. rll\i'<'v-rli~.;,.,n .. rf Jlnrl 



connected to a binary 
crate. The binary 1/0 
channel address and a 
from the chassis. 

I/O board 
board sends 

strobe, and 

in 
out 
it 

a llultibus 
a chassis/ 
reads data 

J. Zagel designed multiplexed ADC boards using 
Analog Devices AD57ls (10 bit, 25 us), and be 
installed them on bis Tacuum control system. One 
board acco11111odates from 8 to 16 analog channels, 
and all channel readings are updated approxiaately 
once every two seconds. 

J. Zagel purchased and installed 64 channel, 
•ultiplexed ADC, Multibus boards (ADAC 735, 12 bit, 
20 us) on his refrigeration control systems. In 
addition to the ADC boards, he designed and 
installed buffer amplifier boards in order t.o 
protect the ADC boards fro• overvoltages -.nd to 
provide a lo~ impedance interface to the ADC 
boards. Average values of from 8 to 12 readings 
per channel are displayed on the console systea, 
and the display is updated approximatel7 once everr 
t"WO seconds. 

Analog boxes were designed using 8 bit flash 
ADCs (TRW TDC1001), and they were installed for 
beam position/ loss 1tenitor s7stems. The analog 
box consists of a mother-board and twelve daughter­
boards, each o! which has two ADC channels. 
Readings are taken at every turn of the beam. 

Console application programs 

Parameter program 

The parameter program provides display of »ADC 
readings along with settings, analog alarm limits 
a.nd digital st&tus on the consoles of the Ferzilab 
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Fig. 3. Sample continuous fast time plot. 
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accelerator control network. The parameter progrui. 
is connected to 70 parameter pages. Parameter 
pages can have a few or many subpages, one of which 
is displayed at a time. Subpages can display up to 
25 parameter lines. The device naae f.Dd 
descriptive text are displayed on the left side of 
a paras.et.er line. Live data for the de~ice is 
displayed on the right side of the line. The 
nU11eric data can be scaled into three different 
units hexadecimal, MADC volts or engineering 
units (Amps, Deg K, KV, etc.). The eolor of a 
reading value is used to show its alarm status. 
Alarm limits can be cha.nged by typing in new 
... alues. DeTice settings can be cha.nged. by typing 
in new •alues or by turning a knob. Digital 
control (on, off and reset) is also provided. 

Fast time plot program (Continuous) 

The Fast Tiae Plot utility (FTP) program allows 
the operator to plot up t.o four analog channels 
(analog reading Tersus tiae or fifth analog­
reading) in real time on the storage scope or the 
color graphic monitor which are parts of the 
console system. Data collection rates go up t.o 720 
Hz, a.nd plots are updated at a minimum rate ot 3 
Hz. Data are scaled to primary units (MA.DC Volts, 
etc.) or engineering units (Amps, Deg K, Jla.ds/ sec, 
etc.). Analog readings can be combined into simple 
expressions using add, subtract, multiply and 
divide operators before being plotted. 

In order to start up plots, the operator first 
specifies necessary options and parameters, and 
then clicks in a certain area of the plot interface 
•indow, •hicb ca.n be included in a.ny console 
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application program. Specifyable parameters and 
options are as follows. 
(1) Data sample rate: 1 Hz, 15 Hz, 50 Hz, 100 Bz, 

200 Hz, 360 Hz, 720 Hz, Auto, Eveot. 
(2) Time base: Repeat on eTery Supercycle, eTery 

Vain Ring cycle or every Tevatron cycle; repeat 
on selected Main Ring cycles; once. 

(3) Scaling: Volts, Eng-U, log. 
(4) Data display: connect points with lines, plot 

characters, blink data from aost recent cycle 
Fig. 3 shows an example of continuous FTP. For 

further details on the pa.rameter program and the 
continuous FTP program, the read.er should ref er to 
[3] and (4]. 

Fast time plot program (Snapshot) 

This program bas not been imple•ented as of 
this writing. However, an outline of the draft on 
snapshot plots is presented her~. 

Snapshot plots will plot data collected at 
rates faster than those available with continuous 
plots. Snapshot plots will be supported with CAllAC 
190 modules and possibly other data sources which 
will use data formats similar to the lfiO aodules. 
In order to run a snapshot plot, the operator •ill 
spefify what to plot, the data collection rate and 
an arm event. A grid will be drawn on his screen, 
and he •ill •ait. After the a.r• event, 204.S da.t.a 
points will be first collected at the specified 
rate by the 190 module, and these data points will 
be then plotted on oper&t.oT's screen. Snapshot 
plots •ill be automatically restarted after 
plotting so that fresh data may be collected and 
plotted at each arm e~ent. 

For further details on the snapshot FTP 
program, the reader should refer to [5]. 

Practical Issues 

Input cables and connections 

A twinaxial cable such as RG108A/U is generally 
recommended. Because it maintains differential 
connections from the source to the MA.DC, and 
because some common mode noises are rejected at the 
»ADC. A polarity convention for twinaxial cable 
connections needs to be established. The 
Accelerator Controls depart•ent of the Fermilab has 
a standard •The convention for twinaxial cable 
connections is pin for high and socket for low.• 
Connectors need to be terminated onto the twinaxial 
cable in a proper way using right tools. Proper 
termination of connectors onto the cable is crucial 
to system reliability. 

Source and its impedance 

The source needs to be properly grounded. 
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Because the inputs of the llADC aaplif ier lose their 
leakage paths, and thus the output Yolt-.ge of the 
amplifier is affected by input bias currents. 

Many users put & 1 K ohm resistor in series 
with the output of their buffer amplifiers. They 
think, if the input resistance of the KA.DC is auch 
greater than the series resistor, the aeasurement 
on their signals ia not affected. Ho•eTer, when 
the KADC switches fro• one channel to another in a 
high speed, this is not true. K. Seine analyzed 
the problem with a SPICE program (6]. The results 
of the analysis can be roughly explained as 
follows. 
(1) Let Rl = Source Resistance, Cl = Cable 

Capacitance, V = Source Voltage, lt2 = KADC 
Resistance thru Multiplexers, C2 = llADC Input 
Capacita.nce, V2 = Voltage Left on C2 from 
PreYious Channel. 

(2) When the •ultiplexers haTe selected a new 
cho.onel, C2 quickly charges up to a Yoltage 
goTerned b7 

Cl v • 
-,;Cl.-,•--,.C2" 

C2 V2 
-,;c1---.--C2~ 

in speeds related to the time constant R2 • C2. 
(3) Then C2 slowly charges up to V following the 

tiae constant 11 • Cl. 
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