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CAMAC Model 2228

- Octal
Time-to-Digital
Converter

WARRANTY

All LRS instruments are guaranteed to opérate within
their specifications for one year from the date of purchase.
Under this warranty, any unit which fails to perform
within specifications, as a result of defects in workmanship
or materials, will be restored to specified operating condi-
tion free of charge except for shipping costs involved in
the return of the unit to the factory,

In order that this warranty be cons1dered vahd it is
necessary that the LRS Warranty Card which accompanies
the unit on delivery be completed and returned to the
factory within 30 days of receipt of equipment.

All questions concerning repairs or replacement parts - -
should be addressed directly to factory’s Quality Contro]
Manager. This procedure will insure the fastest possible

- service. Please include the Model Type, Serial Number,
and ECN {Engineering Change Number) with ali requests
for paris or serv:ce

ENGINEERING DEPARTMENT
LeCroy Research Syastems Corp.
West Nyack, New York
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CAMAC Model 2228
Octal Time-to-Digital
Converter

CAMAC #1 module
Total Power used 8.3 watts

Common Stop Input; 2 =

50 §; NIM level* gignals; -
for calibration only.

Common Start Input; 2 = 50 §£; NIM level* signal.

8 Stop inputs; Z = 50 £; NIM level* signal.

Fast Clear Input; Z = 50 Q; NIM level* gignal;
duration >to nsec; 1.5 sec settling time
required after clear.

>=600 mV

ENGINEERING DEPARTMENT
LeCroy Research Systems Corp.

West Nyack, New York




CAMAC Model 2228
Octal Time-to-Digital Converter

* 8 channels in single-width module

* 10-bit (1024 channel) resolution
Switch-selectable 102 ns, 204 ns, and 510 ns full-scale time ranges.
Time resolutions of 100 ps, 200 ps, or 500 ps
Rejects stops before starts

Fast clear input

* Internal test capability

Common stop input for precision on-line testing
* Full LAM functions

Fast digitizing time

* Q and LAM suppression

The LRS Model 2228 Octal Time-to-Digital Converter, the state-of-the-art successor to the popular
Model 2226A Quad TDC, incorporates all the advanced aperating characteristics which experience
has indicated necessary for accurate and reliable measurement of nanosecond time intervals.

The Model 2228 has 8 independent channels, each of which measures the time from the leading
edge of a common start pulse to the teading edge of its individual stop pulse. Each 2228 channel -
disregards any stop pulses received before a start signal and will accept only one stop for every start,

Conversion begins upon receipt of the start signal and proceeds until one of the following: a stop-
signal is received; the cycle is terminated by the application of a front-panel clear signal; or the TDC
reaches fulf scale,

The 2228 converts the measured time intervals into a 10-bit digital number at the rate of 20 MHz, for a
fult scale digitizing time of 50 microseconds. The conversion clock is started in phase with the TBC
start signal to assure synchronization and eliminate the inaccuracy introcduced by the free-running
oscillators in conventional designs. LAM, if enabled, is generated at the end of the conversion
interval.

The 2228 has three switch-selectable full-scale time ranges, 102 ns, 204 ns, and 510 ns, which are
digitized to 10 bits (1024 channels) and provide 100 ps, 200 ps, and 500 ps resolutions respectively.
Longer time ranges (up to a few microseconds} may be provided on request at slight expense of
stability and accuracy.

On-line testing is facilitated by either a front-panel common stop input or F(25). A signal at the
common stop input generates simultaneous stops for each channel, permitting accurate testing of
both front end and scaler section of the module and uniform system testing and calibration. F(25) is
provided for a quick test of the front end and scaler sections with a time measurement of RZ75 ns.

In high rate experiments, excessive system deadtime due to false starts may be eliminated through
use of the 2228's fast clear input. Accepting NIM level signals, this input allows the TDC to be cleared
within 2 microseconds at any point in its conversion cycle and without the necessity for any dataway
operations.

All standard LAM functions are available in the 2228 to facilitate data readout. To minimize readout
time, both & and LAM may be suppressed if the module does not contain data. '

May 1974 L
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Stop 'h:ubuts:
Common Start Input:
Common Stop Input:

Fast Clear:

Full-Scale Time Range:

Integral Non-linearity:

Time Resolution:

Temperature Coefficient:

Digitizing Time:

Readout Time:
Test Functions:
Data:

CAMAC Commands:

CAMAC Function Codes:

Q and LAM Suppression:

Packaging:

Power Requirements:

- SPECIFICATIONS
CAMAC Model 2228

OCTAL TIME-TO-DIGITAL CONVERTER.

COUNTS DEVIATION
FROM BEST
STRAIGHT LINE

+
[\+]

=]

|
ny

8, one per channel; 50Qimpedance; Lemo-type conneciors; direct-coupled; input amplitude
> —600 mV; ineffective unless preceded by a “Start” input.

Cne, commen to ali channels; 50 {2 impedance; Lemo-type connector; input amplitude > —800 mV.

One, common to all channels; 50 & impedance; Lemo-type connecior; > —B00 mV; functions
identical to individual “Stop Inputs” above; used for precision on-line testing. . :

One input common to all channels; Lemo-type connector; 50 £ impedance; —600 mV or greater
clears; minimum duration, 50 ns {requires additional 2.0 us settling time after clear).

10-bit binary output corresponds to 102 ns, 204 ns, and 510 ns, switch selectable (with longest
range field adjustable up to 1 usec). Larger full-scales possible by factory option at slight expense of
accuracy and stability, giving 1 usec, 2 usec, and 5 usec as the 3 switch-selectable time ranges.

= 2 counts (10 ng to full scale). Set of linearity curves for all channels supplied with each unit. (See
graph below.)

100 ps on 102 ns range; 200 ps on 204 ns range; 500 ps on 510 ns range.
Typically (+ 0.02% of full scale + 0.01% of reading) per degree C.

50 usec; conversion is initiated by receipt of “Start” input.

Readout may proceed at the fastest rate permitted by the CAMAC standard after digitization is ‘

complete.

An infernal star/stop is generated by F(25) with =75 ns spacing. Precision on-line testing and
calibrating can be done with common start and common stop above.

The proper CAMAC function and address command Igates the 10 binary bits pius overflow bit of the
selected chanpel onto the R(1) to R{11) (2° to 21%) Dataway bus lines.

Z or C: All fegisters are simultanecusly cleared by the CAMAC “Clear” or “Initialize” command.
Requires "82." - k

I: "Start” input is inhibited during CAMAC “Inhibit” command. -

Q: A Q=1 response is generated in recognition of an FO or F2 Read function, or an F8 function if
LAM is set for a valid "N” and “A", but there will be no response (Q=0) under.any other condition.
The Q response for empty modules is suppressed (see Q and LAM suppréssion).

X: An X=1 {Command Accepted) response. is generated when a valid F, N, and A command is
generated. )

L; A Look-Al-Me signal is generated from end of digitizing untif & module Clear or Clear LAM. LAMis
disabled for duration of N, can be permanently enabled or disabled by the Enable or Disable
function command, and can be tested by Test LAM. Standard option causes LAM to be suppressed
by empty modules.

F(0G): Read registars; requires N and A. A(0) through A{7) are used for channel address.

F(2): Read registers and clear module; requires N, A, and S2. Clears on A{7) only.

F(8): Test Look-At-Me; requires LAM, N, and any A from A{0) to A(7) independent of Disable
Look-At-Me. Q is generated if LAM is present.

F(9): Clear module (and LAM); requires N and A, and S2.

F(10): Clear Look-At-Me; requires N, S2, and any A from A(0) to A(7).

F(24). Disable Look-At-Me; requires N, S2 and any A from A0} to A(7).

F(25): Test module; requires N, 52, and any A from A(0) to A(7).

F{26): Enable Look-At-Me; requires N, 52, and any A from A(C) to A(7). Remaine enabled unil Z or
F(24) applied. .

Caution: The state of the LAM mask will be arbitrary after power turn-on.

A module receivirﬁ; no stop inputs will produce no Q response or LAM and appears during readout
as an empty CAMAC slot, thus reducing readout time. A Command Accepted response is still
generated. The LAM suppress portion can be disabled with a solder jumper option.

in conformance with CAMAC standard for nuclear modules. RF:shielded CAMAC #1 module.

+24 V at 20 mA; —24 V at 50 mA; +6 V at 550 mA; —6 V at 550 mA.

TYPICAL 2228 INTEGRAL LINEARITY

START-STOP TIME (ns) + 102
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‘The Common Start and Common Stop (TEST) inputs are-also terminated in 50 g,

- Start input begins the timing measurement unless it is held in an inhibited

- The time relationship between the Start and Stop inputs is approximately zero

‘The actual time differences between the Start and Stop inputs that yield a full

" time-range-select switch setting. The full scales on the 8 channels of each

- OPERATION

General: The LRS Model 2228 TDC contains eight complete time-to~digital
converters in a single-width CAMAC module. The time-to-digital
conversion is accomplished in two steps. A capacitor is charged up by a
constant current source initiated by the common start pulse and terminated
by the stop pulse. The total charge delivered to the capacitor is an analog -
representation of the time interval to be measured. An analog—-to-digital
conversion is then performed by using the Wilkinson rundewn method. In this
technique, the charge is removed from the capacitor at a constant rate during
which time pulses from an oscillator are gated into a scaler. The final
count is thus proportional to the time interval measured. '

Inputs: The eight Stop inputs of the 2228 are terminated in 50 . NIM~level
pulses at these inputs (>-600 mV) define the end of the timing inter-

vals for the eight channels. The Stop input pulses should be on the order of
5 nsec FWHM, since an accidental Stop pulse coming in before the Start would
cause the channel to ignore the real Start pulse if the Stop still exists at
that time. A short Stop pulse width would minimize the possibility. 5 nsec
FWHM is also the recommended minimum width required to drive the 2228 Start
and Stop inputs.

and accept fast NIM-level pulses (>-600 mV). A pulse applied to the Common

condition by the CAMAC I (Inhibit) command. The Common Stop input is intended
for calibration use. For on-line precision testing, a pulse applied to this
input will stop all inputs together. It will terminate the timing interval

455 + 0.5 nsec later than if the same pulse were applied to the separate Stop
1nputs.

nsec. However, the time difference between Start and Stop must be approximately
2.4 nsec before any counts are seen at the output. (The lowest output count

is 3.) It is recommended that some time difference (say, 5 nsec) is insured

by cable delay, giving some fixed output counts when Start and Stop input
pulses are exactly coincident. The fixed counts can later be software-sub-
tracted from the total output count for a true representation of the time inter-

val. This will assure that any time differences can be measured down to the
inherent accuracy of the 2228.

scale (10-bit) output are 100 nsec, 200 nsec, or 500 nsec, depending on the

2228 are set up to match within 5% of each other.

1-
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OPERATION

Fast Clear: A front-panel fast clear input accepting fast NIM-level signals
. (>-600 mV into 50 Q of minimum duration, 50 nsec) forces all 8
I channels of the unit to cease their conversions and be cleared and ready to
I accept another gate pulse after 1.2 to 1.5 microseconds. In worst-case con-
! ditions, the 2228 will clear to within 1 count after 1.2 usec, and to 0
counts within 1.5 psec. An internal monostable makes the 1.2 nsec period manda-
tory, although this can be changed by special request at a sacrifice in the ex-
tent of clearing. The fast clear feature allows TDC conversion to be initiated

by a fast trigger and completed only if the event satisfies a complete trigger
requirement.

- Test Function: The Model 2228 offers two choices of on~line testing. The
] } first method involves the use of the Common Stop input. A pulse
Lo applied to this input will simultaneously stop all channels. It is important
f to note that this common stop pulse will terminate the timing interval 4.5
%3{1 + 0.5 nsec later than if the same pulse were applied to the seperate Stop in-
f puts.

Buring the precision on~line testing using this common stop input, it is still
possible for the individual Stop inputs to independently stop their respective
channels earlier. It is therefore recommended that the normal stop pulse
sources be vetoed (inhibited) during the testing time.

A second method of performing on-line 2228 testing is via the CAMAC function
F({25). Upon application of F(25)-N-a (any A from A0 to A7) at $2 time, an
internal Start and Stop is generated, defining a time increment of approximately
75 nsec for all 8 channels. Once again, a Stop input at any of the 8 channels
will also terminate the time interval for that channel. For this reason, the
sources of the stop pulses (logic units or discriminators) should be inhibited
during testing, or multiple tests should be made to assure that no spurious
vulses stopped any channel short of the full testing interval.

Full Scale Time Ranges: The full scales of the 8 channels of each 2228 are

factory set at 102 nsec, 204 nsec, and 310 nsec + 5%.
The final range may be increased to 1024 nsec by readjusting the side panel
potentiometer corresponding to the final time range. All three ranges may be
side panel adjusted if slightly higher or lower calibration is desired.

If time measurements in excess of 1 usec are desired, the three ranges can be
-changed to 1, 2, and 5 usec respectively. This option, recommended as a
factory modification only, involves the replacement of 9 resistors with values

-2-
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OPERATION

approximately 10x the size of the standard values, and the subsequent recali-
bration of the unit. In each of the 8 channels, the 3.32K0 resistor is
replaced by 33.2K 9, and the 3.9KQ common resistor is replaced by 47K0 as
- shown in the circuit board layout below. Each range must then be readjusted

j by applying accurate 1, 2, and 5 psec start-stop intervals and turning the
side panel potentiometers until a full scale count of 1024 + 5% is obtained
on all channels. Occasionally, one or more channels may deviate from an-
other by more than 5%. In this case, an additional trim resistor may be
put across the 33.2KQ resistor, or the front end IC (CA3046) may be selected.

In conjunction with simply expanding the time ranges as described above,

care must also be taken to reduce the inaccuracy caused by the now-expanded
amount of time the rundown is taking before the oscillator starts. The rami-
P fications of this circuit characteristic and the necessary compensating

[ adjustments are described in the following section.
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Timing Considerations for Utilization of TDC at >500 nsec Full-Scale Settings:

i The Model 2228 begins charging its integrating capacitor upcon receipt of the
o common start pulse. The constant current source rundown also begins immedi-
ately. On the standard unit, an automatic stop is generated (for channels
which received no Stop inputs) and the oscillator is autcmatically started
about 1.2 times the full-scale time range setting after the Start pulse.

Since the run-down has been taking place since the Start pulse was received,

; a number -of 5 nsec-spaced clock pulses (20 MHz clock) will hot be counted.

L This introduces a small constant time error into the result which can be cali-
W brated out by using different cable lengths for Start and Stop inputs (this
also should be done to compensate for the larger constant errors which are

: introduced by the fact that a start-stop interval of approximately 2.4 nsec
i is required before any counts are seen at all). The effect of the 100 nsec
range is about 2.5 counts out of 1000 full scale or 0.25% on the 200 nsec
range, it is 5 counts of 0.5%; on the 500 nsec range, it is 12 counts or =1.2%.

For users desiring a 1 HUsec full-scale range (achieved simply by readjusting
. the 500 nsec range potentiometer) such as might be needed on drift chamber
o . applications, this effect would total 24 counts or #2.4%. Compensation for

? this would necessitate an additional 24 nsec of delay cable. To eliminate
this necessity; it is possible (requiring a single resistor modification) for
the 2228 to trigdger the oscillator with the leading edge of the start input.
The turning on of the oscillator within the timing interval now adds a small
amount of noise to the integrating capacitor. Although this noise would tend
to hinder the linearity measurement for a 100 nsec full-scale range, it is

integrated out in the 1 usec range and in the end contributes quite negligibly
to non-linearities. '

D > The effect described above is especially substantial in the higher range posi-
L tions of units modified for 1, 2, apd 5 usec ranges. Therefore, when these

optional time ranges have been factory performed, (on units with ECO* numbers

R greater than 801) the correct change cah be made to the oscillator-enabling

I circuit. The modification is shown following, and is als$ indicated on all

B LRS 2228 schematics indicating an ECO* number greater than #801. :

*Engineering Change Order

ENGINEERING DERPARTMENT
LeCroy Research Systems Coarp.
West Nyack, New York
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Start-Stop Input Time Jitter and Drift: Each Start and Stop input has a

' "threshold" level which is affected
by several factors (e.g., the base-emitter drop of an input emitter follower,
etc.). If these factors were to change with temperature, voltage, or time
variations, the risetime of the input pulses (if not equal to zero) would
cause triggering at different amplitude level, resulting in a small time jit-
ter and/or drift. The effect naturally gets worse for input pulses of longer
risetimes. However, in the 2228, the circuitry accepting the stop pulses and
the start pulse is identical (i.e., in the example above, although the base
emitter drop does change by some small amount (=2 mV/0C), it changes nearly’
equally for both start and stop inputs). Therefore, if care is taken to use
identical pulses (i.e., same risetime) for the start and stop inputs, the
relative time difference bhetween them will remain quite constant, regardless
of how far the "threshold" drifted. It is worthwhile to note that reasonable
voltage variations and time do not cause "threshold" drift of the inputs.
The triggerirmg level for both Start and Stop inputs is between -350 mV and
=450 mv.

. s

: " ENGINEERING DERPARTMENT

Lelreoy Research Systems Corp.

. _ o West Nyack, New Yaork
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Linearity: The integral linearity of the 2228 is typically +2.0 counts.

3 is defined in typical LRS terminology as the maximum deviation
from the best straight line fit to measured points. A linearity calibration
for all 8 channels is enclosed with each Model 2228 shipped from LRS. Vertical
. deviation is shown as 0.2% of full scale per division, but this is nearly iden-
~f j} tical to 2 counts. Samples of these plots are shown below.

This

MuWﬁLW

R j v 2R

I A S B9yl R O S e
i - % 4 - 24y b
! {H @{_CED: - 1 = S CH 4 |PENz-30 LIS AARIN- 98 PS/ACT |
o +, Y “1 +, Q:ir'_ "!

2, 0%~ . O - T - < SRR P s veenan oo
- A A4 - 28b : 4
= €H 1| PEN=-18 0TS ARIN= 98 _PS/LT | CH 5

O INTERRAL LTNEARTTY. CURVES EOR LRS

These curves are obtained with a computer-controlled 16-bit digital-to-
analog converter (DAC) which controls the exact time at which stop pulses are
applied to the TDC channel under test.

Stop pulses following the start pulses
by 0 to 100 nsec in up to 216 (65,536) equal increments are analyzed by the

2228 calibration. The data accumulated in this manner is linearly fit by the
lease squares technique. The slope and intercept parameters {called "galn“
P and "time offset™ respectlvely) are given for each channel.

HEN
1 '3
o 124 _]
i1 .
. B 18 AMOUNT OF TIME OFFSET
NUMBER
IS OF%%?”S T 1S START 70 STOP TIME
N 15 TOTAL NUMBER OF COQUNTS
- A IS CONVERSION SLOPE:
¢ P.E. A=(T+B)/N
2 1," |
r i
B 2 Ting] 129
{2001
(500!
Time Offset: If the input time vs. output counts is extrapolated to zero, it

than

negative number).

will be observed that it probably does not cross at the (zero,
Zero) intercept but has a finite value of counts (which may be a pogitive or
The absolute value of this number will never he greater

1 % of full scale.

-6-
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O and LAM Suppression: The 2228 was designed to permit the elimination of

readout of empty modules to achieve maximum readout
rate. A module in which all channels have received no stop pulses {(i.e., all
scalers overflowed) will produce no Q-response or LAM and appears during read-
cut as an empty CAMAC slot, thus reducing readout time. A Command Accepted
response is still generated. ‘

Some branch drivers (interfaces between computer and CAMAC crate) require a

Q response or a LAM from any module that occupies a station (N) in the CAMAC
crate. For these situations, the L-Suppress feature may be defeated by re-
moving the jumper XZ and replacing it with jumper YZ. (See schematic sheet 3
or the circuit board section below.) In this situation a LAM condition is
obtained after any Read commany. The Q-response suppress can be defeated by
removing jumper VW and replacing it with jumper UW.

(NOTE: Older 2228's do not have all the Jjumper options available on the p.c.
’ board. These limits will require that the bus be cut and a jumper
added on the solder side of the board.)

ENGINEERING DERPARTMENT
LeCroy Research Systems Corp.

West Nyack, New York
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Conversion Time: Since the full scales of the 8 channels of each 2228 may
differ from each other by up to +5%, the time for each channel to achieve a
full-scale conversion may also differ from that of the other channels. Total
conversion time is roughly 52 microseconds, but the user should be careful

to allow at least 60 microseconds for conversion of all 8 channels. Other
factors which contribute to the necessity of this margin in allowed conver-
sion time are variations in clock frequency, variations in ramp currents, and
hecessity to allow for overflow. As a result, the 2228 clock is intentionally
internally held on for a maximum time of 60 psec (for any size conversion).

Due to the fast clear feature of the 2228, however, this conversion time need
only be awaited for valid events.

Data and Readout: The output data of the 2228 is standard CA{AC-compatible
(TTL negative logic) in 10-bit binary format, plus overflow.
The 10-bit digital resolution (100 pC/count in 100 nsec full-scale range)
matches the overall TDC accuracy of 0.1%. The 10 bits of digitized information
plus  overflow bit are gated onto the Rl to R1l (20 to 210) pataway but lines
by F(0)-N-A, where FO0) signifies the read function, N signifies the 2228 to
be read, and A (from A(0) to A(7)) signifies which TDC channel in the 2228
is to be read out. Generally, the unit is ready for readout when LM appears.
The function F2), Read and Clear, may also be used to read information from
chosed TIXC channels. However, this readout is destructive only when A(7)
is addressed, the F2)-N-A(7) clearing all channels at one time. The H2)
command on addresses A(0) through A(6) will cause the TDC contents to be read
with no clear and the input gate will remain disabled,

LaM: A LAM (Look-At-Me) signal is generated from end of conversion until a
module Clear or Clear LaMm (2, C, F(2), F(9) or F(10)). 1AM is disabled

for the duration of N, can be permanently enabled or disabled by the Enable

F(25) or Disable F(24) function command, and can be tested by Test IaM F(8).

LAM is suppressed for empty modules ‘as indicated in "Q and LAM Suppression"
section above. cee

The test function F(8) allows the LAM to be tested. 1In response to applica-
tion of F(B).N-A {where A is any A from A(0) to A(T7)) independent of Disable
LAM, a Q response will be generated if LAM is set. Although the LAM is dis-
abled while the 2228 in question is being addressed (i.e., for the duration

of N}, once latched it will produce a Q response when an F{8).N-A is applied.

IMPORTANT! When current is applied to the 2228 (such as would occur when
plugging a module in and turning the crate power supplies on), the states of
the LAM latch and LAM enable are arbitrary. The unit must always be initial-
ized with an F(24) (Disable LAM) or an F{26) (Enable LAM) and an F(10)

{Clear LAM).

-8~
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Packaging and Power Requirements: The 2228 is packaged in a standard #1
width CAMAC module {(conforming to ESONE
Committee Report EUR4100). It dissipates a total of 8.3 watts of power.

CAUTION! Because of the adjacency of the various voltage bus connector con-
tacts, plugging in any CAMAC unit may cause momentary misalignment of the
unit and short the power pins to each other. This can cause severe damage to
the module inserted, especially since the 24-volt pins are adjacent to the
6-volt pins. THUS, THE CRATE POWER SHOULD RE OFF WHEN A MODULE IS INSERTED
OR REMOVED!

ENGINEERING DERPARTMENT
LeCroy Research Systems Corp.
West Nyack, New York
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FUNCTIONAL DESCRIPTION

- The Model 2228 consists of 8 independent identical TDC's and associated
¢ circuitry. Referring te the block diagram following, the 2228 circuitry is
divided into seven basic sections:

;3} A Common Start, Delayed Start and Common Stop circuit for
el distributing the start signal to the start-stop gates.

Eight Stop Input circuits.

Eight Time-to-Analog Cénvertefs.

3 | Eight Analog-to-Time Converters.

Eight Clock Synchronizers and Scalers.
QJJ . A Controlled Oscillator.

A CAMAC Control Section.

ENGINEERING DEPARTMENT
P ‘ LeCroy Research Systems Corp.
' West Nyack, New York
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FUNCTIONAL DESCRIPTION

Start, Delayed Start, and Common Stop: The Model 2228 requires NIM-level in-

put for the Start and Stop input, but
i uses ECL integrated circuits for gating and latching. This requires a -800 mv
i shift in logic levels which is provided by using NPN emitter followers on all
! inputs. Timing stability is accomplished by providing both the start channel
and the stop channels with approximately the same number and type of compo=
nents assembled so that delay changes (caused by temperature and voltage
changes}) will cancel each other.

i A pulse applied to the common Start input, after receiving a voltage offset
() "~ and level inversion, will set a latch (see block diagram below) formed from
two ECL negative NAND gates. The latch output couples to two 3 input gates
. each driving the center point of 100 @ strip line buses via 50 § coax. Each
Vo of the two buses provides four Stop channels with a Start Enable signal which
is available until a common Stop is received, until the delayed Start occurs,

B or/ﬁntil a clear pulse is received (see next three baragraphs for explanation
N of three Start-Disable functions).

. STOP
L INPUT@~—) STOP INHN 7 .
L . LATCH L INEARR ; O .
. GRTE T

START _ I-SELECT
ENARBLE g B

BLOCK DIAGRAM - STOP™.LN AND. TACTSECTION

Once the Start latch is set, it will remain set until a clear pulse resets

FTL the entire module. If the common Stop latch is set, or when the delayed Start
{ occurs (either one disabling the Start latch output), they will remain in that

condition until the Start latch is cleared. Thus, once one Start pulse is re-

ceived, the entire section is made immune to any further Start pulses until

the entire module is properly cleared. A CAMAC Inhibit will disable the Start

input emitter follower for the duration of the Tnhibit.

-12-
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FUNCTIONAL DESCRIPTION

The common Stop latch, when set, will disable the two 3-input gates, ending
the Start Enable signal. The common Stop input passes through the same
level shifting and inverting stages and uses the same type latch as the
Start channel. The only differences are that the latch complement level is
used to disable the 3 input coax drive gate and the latch is only enabled
when the Start latch is set and is therefore cleared when the Start latch
is cleared.

The delayed Start is a level which occurs approximately 1.2 times the full-
scale time range setting. It results from a level-sensing amplifier moni-
toring a capacitor which is being charged via a constant current source,
which was unclamped when the Start latch set. Because the current source is
controlled by the I-select line, it is always proportional to the current
sources in the time-to-analog circuits {(see next section).

A common module clear pulse, 1.0 to.l.2 usec long, is used to .clear the Start
latch and keep it clamped (therefore disabled) for the duration of clear.

The internal test capability is provided by converting the F(25) -82 pulse to

a prompt Start and delayed (approximately 80 nsec) Stop. These two pulses

are emitter-ORed with the outputs of the Start input and common Stop input in-
verter stages. o '

Stop Input Circuits: The individual Stop circuits operate identically to the
Common Stop {see previous section). Wheéen a Start enable

signal occurs, it enables the linear gate of the Time-to—Analog Converter (TAC)

stage via an ECL differential output gate. It.also enables the Stop latch to

-be set which, until the Start enable signal appeared, was held clamped in a

reset condition, preventing it from being set by a possible premature pulse

at the Stop input. : '

Once the Stop latch is enabled, it will be set by the next Stop input pulsé.
(The input pulse uses the same level shifting, inverting, and latching tech-
nigques as the Start and Common Stop inputs.} When the Stop latch is set, it
disables the ECL gate, thereby disabling the linear gate in the TAC.

_13_
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FUNCTIONAL DESCRIPTION

COMMON
- 5TQP STOP
(;} 2 LATCH
- R
? OELAYED START ENABLE
BELAY QI —O
COMMON START
cTaRT (T STOP GATES)
. START
= INH 5 LQRTCH
CAMAC INOR CLEAR I SELECT
INH. (TEST)
BLOCK DIAGRAM - COMMON START/STOP AND TEST CIRCUITS

Time-to-Analog Converters: Each Time-to-Analog Converter (TAC) utilizes a
constant current generator where the actual

value of current is determined by the difference between the voltage on the

I-Select bus and the -24 volt bus. This current is gated into an integrating

capacitor for the duration of time between the common Start and a Stop;

therefore the voltage on the capacitor is proportional to that time. This

capacitor is then discharged by the Analog-to-Time Converter Stage.

As can be seen from sheet 2 of the schematic, the I-Select bus voltage isg
varied grossly to select ranges by switch selection of voltage levels of a
compensated, tracking divider chain. Each range position has a fine control
potentiometer which has been factory adjusted to provide the ranges shown on
the side panel (and on the schematic). The 500 nsec range can be set as
high as 1000 nsec (1 psec) and used reliably.

On optionally adjusted units, (for time ranges greater than 1 psec), the re-
sistor at the emitter of the current source is decreased (e.g., to 1/10 the
indicated value for ranges of 1, 2, and 5 psec). It is also necessary to
change the emitter resistor of the current source in the delayed start circuit
(see previous section} and desirable to move the 200 Q resistor in the
Initiate circuit (see Controlled Oscillator Section).

-14-
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FUNCTIONAL DESCRIPTION

Analog-to-Time Converter: The Analog-to-Time Converter (ATC) stage is func~

tionally the inverse of the previous TAC stage,
except that the capacitor dlscharge rate is much slower than the charge rate
was.

The charge which was delivered to the integrating capacitor through the
linear gate of the TAC stage is subSequentlally removed by means of a stable
current source (see Block and Waveform diagram). Thus, the voltage across
the integrating capacitor is returned to its quiescent level at a constant
rate. (This rate is proportional ‘to the difference between the +24 and Vgrp
inputs.} The output amplifier senses the voltage across this capacitor and
generates an ocutput level as long as thls voltage is more negative than a
reference level (which is set by the voltage divider between +3 volts and
ground) . The output time duration (T,) is therefore proportional to the in-
put time (T;) of the TAC where time T, is approximately 500 times T1 when used
in the most sensitive 100 nsec F.S. range (i.e., To = 500 T3). Stable opera-
tion of the QTC is assured by the on-board stabilized Veer (approximately +12
VDC) which tracks the +24 VDC supply, causing the difference (used as the
current source reference) to be independent of external supply variationms.
Whenever necessary elsewhere in the analog circuits, tracking dividers and
temperature-compensating dlodes or transistors are used to remove first order
drift errors.

A Clear command can be used if desired to clear the 2228 during a conversion
cycle. It not only initialized all the digital control and scaler stages,
but also, via a leading edge R-C differentiator, clears the analog ramp of
the TAC/ATC to its quiescent level. The analog clear pulse width is about
300 nsec, leaving the 1 psec remalnder of the digital clear for settllng in
the analog stages. St

NOTE: In earlier 2228 unlts, as dlode'was used for fast clearlng the ramp.
This has been replaced by a tran51stor for improved settling time.

- -15-
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FUNCTIONAL DESCRIPTION

! syne VVVY ecepBack | :
i I 1
I ; 11 BIT
| RQME——J— ; SCALER
EREF | j 222 i
T I
| i |
) CLOCK ; SELECT — !
] i ENABLE — ,
—— DIFF. AMP. OF ATC fe 1/2 sC19¢ ——————
CLOCK [ | [ 1 f
ATC QUTPUT _____ — e
(W/0 SYNC) [ o] - 1_r
ATC OUTPUT
[W/SYNC)
BIAS
RAMP
BLOCK DIAGRAM - CLOCK.SYNC.AND SCALER MODEL 2228

Clock Synchronizer and Scaler: The output of each Analog-to-Time Converter

in the 2228 is used to gate a clock into one
half of an LRS hybrid SCl00 Dual Eleven-Bit Scaler (see enclosed specifica-
tion sheet). The oscillator is synchronously started with respect to the
leading edge of the Start input pulse (see Controller Oscillator section).
This insures no fractional pulses during the beginning of the rundown cycle,
but care must be taken at the end-of the rundown. This is done by the syn-
chronizing output stage of the ATC: Each gate circuit (see schematic sheet
2 and block diagram) supplies an integral number of clock pulses even if the .
QTC output returns to its quiescent state in the middle of a clock pulse as
shown in the diagram on the following page.

When the conversion cycle is complete, readout of the addressed scaler can be
done by enabling the proper SCLOO (using decoded A2, Ad, and A9 subaddress
lines) and selecting the proper half of the SCl00 (using the Al subaddress).
Along with F{0) or F(2), and N, the 11 -bit data will be gated out in parallel
to the CAMAC dataway.

—16-
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- The CAMAC Control: The decoding of the CAMAC "F" functions and N if performed

FUNCTIONAL DESCRIPTION

Controlled Oscillator: The clock circuit is a modified Colpitts oscillator

employing a highly temperature-stable choke and a
mica capacitor as its resonant elements. Its frequency is 20 MHz. The
oscillator is gated on at approximately 1.2 times the full-scale range set-
ting after the leading edge of the Start pulse. (In the optional long time
range units it is gated on with the leading edge of the Start, as the clock
noise becomes insignificant for long time ranges, but the value of the time
offget becomes significant.) Synchronously, gating the oscillator on in this
way eliminates the uncertainty of one count associated with an asynchronous
oscillator and eliminates clock noise caused by not delaying the turn-on (see
block diagram). The convergion time is set to 535-60 usec, allowing more than
enough time for the nominal 50 usec full-scale conversion to occur. This
allows for the 15% differences from channel to channel, slight temperature
drifts, module-to-module variations, etc., and still insuring that an over-
flow can occur for oversized input pulses.

1AM and Q-Response Suppress Circuit: If none of the eight channels of the
2228 receives a Stop pulse, they will

all overflow and thus there is no valid data toc read out. This condition

is sensed by an eight-fold transistor AND circuit (see main block diagram)
and is used to clear and clamp the LAM latch (which would normally have been
set by end-of-conversion) and disable the readout of the Q-response on a
read function command. Disabling of the suppress function can be done for
either Q-response or LAM. (See the Operation Section for more information.)

by a 4 line to sixteen line (an SN74154). A DC level is
generated at the appropriate pin for each valid CAMAC command. Scaler addres-
sing is accomplished using a four-line to ten-line decoder {(an SN7442) on A2,
A4, and A8, to enable the appropriate SCl00 2-channel scaler hybrid and the

al bit is used to select the appropriate half of the SCl100. X-response is
generated for all wvalid commands, and Q-response and LAM are generated as
described in the Q and L Suppress Circuit section.

-17-
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STANDARD DRAFTING SYMBOLS, ELECTRONIC
o— Connection to any given voltage. —{— Diade, signal or rectifier.
Line ending at the edge of the sheet
indicates continuance on another
sheet., ' _%(__ Diode, zener.

——— Male pin or cord edge contact.
3 Female pin, socket or card edge —J3— Diode, tunnel.

_connector.

9——- Coaxial connector. —{ﬁ—— Diode, snop.

—@:‘— Light emitting diode (LED).

—{—b No connection,
' : ?—-—8— NPN Transistor.
—TAL Connection, _

. /4 5 : - >—i PNP Transistor,
Resistor, 1/4 W, £5%, value in ohms '
VNV (unless specified otherwise).

. - D . .
' _IVV\‘,’L/' ?::;:::r;pl{ :;Y:é t::i’ :w \;::;’e in ohms ‘Ij ¢ __ Field effect transistor, P Channel,

5

-'\/*\r Resistor, variable, any type. 8/
. : }'D— Field effect transistor, N,
@— Resistor, variable, any type. -,

Capaciter, ceramic disc. Value in
——{ }— microfarads (unless specified other~ - /Y. Air choke.

wise). .

: Capacitor, variable. Values in Pico- M Ferrite bead.
714 farads (unless specified otherwise),
== Ferrite core choke, Z 500 chms
TV when fd?' 60 M)Hz {uriless other-
: Capacitor, polarized. Values in ' wise indicated).
+, ’ .
— microfarads/volts {unless specified Ferrite core choke, 40 uH, (unless
otherwise}. o 'L otherwise indicated).
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STANDARD DRAFTING SYMBOLS, INTEGRATED CIRCUITS.
TRANSISTOR - TRANSISTOR LOGIC (TTL).

The drafting symbols used are patterned after MIL STD 806, with some modifications.
Shown below are some of the more commonly used symbols. Letter designations in the IC
symbols correspond to those on the printed circuit layout. (in the case of mufti-channel
circuits, the designation will normally consist of two letters, the first one being channel

identification.) Pin connections are identified by the number located or input and output
lines, (For outline drawing, see next page).

Positive logic notation is used. Logical "0" is nominally zero Voits and logical "1

is nominally 2.5 Volts,

Supply voltages of IC's are shown in a table on each schematic.

v
kH|

2-Input Positive
NAND Gate

2= Input Positive
NOR Gate

Y

inverter or
inverting Buffer

Open collector outputs are identified by an asterisk (*) on the output connection.

:

2-Input Positive NAND
Gate W/Open Collector

Q#
v

2-Input Positive - 4-En§uf Positive
AND Gate NAND Gate

2 =Input Positive 4-Input Pesitive

OR Gate NOR Gate
Non~Inverting Exclusive -
Buffer , OR Gate

T3

2~Input Positive OR Non Inverting Buffer
Gate W/Open Collector - W/Open Cellector

D.-2
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located on input and output lines.

— TS
%
i *
4 - Input Gate. Differential
Negative AND/NAND (Posmve OR/NOR) Gate. Amplifier,

STANDARD DRAFTING SYMBOLS, INTEGRATED CIRCUITS
EMITTER - COUPLED LOGIC (ECL)

The drafting symbols used are patterned after MIL STD 806, with some modifi-
cations. Shown below are some of the more commonly used symbols. Letter designa-
tions in the IC symbols correspond to those on the printed circuit layout, (in the case
of multi~channel circuits, the designation will normally consist of two letters, the
first one being channel identification.) Pin connections are identified by the number
(For outline drawing, see next page).

Logical "0" is nominally ~0.8 Volts and logical "1 is nominally -1.6 Volis,

Supply voltages of IC's are shown in a table on each schematic.

—
—_—

B

2 = Input Gate.
Negative AND (Positive OR) Gate.

R

Open emitter outputs are identified by an asterisk {*) on the output connection.

—

2 -.input Ne
With

gotive NAND Gate.
Open Emitter.

——

= Input Gate.
Negchve NAND (Positive NOR) Gate.

Em

A - Input Gate.
Negative AND/NAND (Positive
OR/NOR) Gate.

LLLL
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STANDARD DRAFTING SYMBOLS, INTEGRATED CIRCUITS.
TRANSISTOR - TRANSISTOR LOGIC (TTL) OR

Flip-Flops and other MSI integrated circuits are generally drawn as a rectangular
box with connections marked inside the outline. S5ome abbreviations are: R - Reset (or
Clear), P ~ Preset (or Set), CK or CLK - Clock, etc, Some typical examples are shown

EMITTER COUPLED LOGIC (ECL).

below. See the manufacturer's specification for additienal information.

J-K Master~Slave
Flip=Flop

Orientation of pin numbers of any DIP (Duai-in~Line-Package) is shown below.

g 0 =2 »

T

BCD=To=Decimal

DecoderDriver

—x, &
—.—aC‘B B
_r, ¢
—JRs D

-
Da——
s
S

Binary Counter

Pin 1 will normally be identified on the printed circuit board.

Bottom View

e
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o NTRODUCT]ON.
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B 'CAMAC is c:n mfemchonal standurd of modulcnzed elech'omcs as defmed by i*hﬂ
- ESONE Committee of the JNRC, Ispra, . lfs function is to provide a scheme to allow o
wide range of modular instruments. to be interfaced to a standardizeéd multi-receptacle
“which, in turn, may be interfaced to a computer. In this way, additions to a data trans~ -
. fer and control system may be made by plugging-in additional modules and making suit-~ "
" able software changes. Thus, CAMAC u!lows mfonnqi'ton to be frqnsfered ml-o cmd out -

.

- of fhe mstrumen? modulesa B e RN R 2

' =CAMAC modulas may be piugged into a CAMAC Crate whlch has 25 Si'ai'tons, nu'nbered

- 1 through 25, Station 25, the rightmost stafion, is reserved for a Crate Confro!ler,
whereas Stations '} ~ 24 are Normal Stations used for CAMAC Modules. - Usually, Sta-

~ tion 24 is also used by the controller in that mast controllers are double width ("’2
'CAMAC). The purpose of the controller is to issue CAMAC Commands to the modules -

* and transfer mFormahon bni'ween a compufer (or o?her d[g:i‘amnd fha CAMAC
”modules. . EREEE S . S , : _

PO AR T A DT N YN DV N

T A TR AT W e G P T T

-

" Data frcnsrer, confrol funchons, and moduie powarmg is cfrecfed via {'h\, Dcri‘awcz)r.
This is @ series of bus and individual lines across the back of the crate. The datawe da%away
lines include digital data transfer lines, strobe signal Imes, and addrzssing.lines and -
comrol lmes ~ Sze Page 'ISC for a pm o![oca.:on cnarf

'!n a typical dai'away oper'cﬂ'lo_n, i'he c_:rcrije conx‘_rqller issues a CAMAC Command which _j_ B
“includes specifying a station number (N}, a su’:_:address {A), and function code (F) (see

DTN A T e T S

‘H - Page 17C). In response, the subaddress of the module will generate valid command ac~
i cepted (X response) and act on the command.  If this command requires data transfer,

1  the read (R) or write (W) lines will bz used. Note that the terms Read and Write apply -

i3

i1 - tothe controller, not the module. For example, under a reqd commcmd the coni'roiler
€. reads data contained within o module. - '
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. stations. The bus-lines link corresponding pins at all normal stations and, in some

ANATAA S PTG

--'-ofhnr actions within fh= coni‘roller cmd modu!es. -

L PR ey S 1 A e 2
e T e T,

. all stations, without requiring addressing by a command, in order to Initialize all umi's

Jﬁ .
. PTYT
2olroy Jri?.esaawp :@1}5& .m_ﬂ,;,‘ ,:\,.?;;;3,

 USE OF THE DATAWAY LINES

Commumcahon w:th plug—m umfs fcmes p!ace fhrough i'he Dai'c:woy. Thss passwe o
multi-wire highway is incorporated in the crate and |inks the 86-pin sockets to all-

‘ cases, the control station. Individual lines link one pin af a normal station to'one
‘pin at the control station. The patch pins have no specified Dataway wiring bui' can
k be conneci'ed to mdw:duql pomfs to wmch pcﬂch leads may be afrcched
: Durmg & Dataway operahon the confroi!er generafes a commcmd cons:si'mg of sngnals
“on individual Station Number lines to specify one or more modules, signals on the

' Subaddress bus-lines to specify a sub-section of the modulé or modules; and szgna[s

on the Function bus-lines to specify the operation to be performed. The command -

- signals are accompanied by a signal on the Busy bus-line, which is ava:lab!e at alf-
sfchons i'o indicate fhc:r a Dc:faway opnrqhon Is in progress. o

‘When a module recognizes a Read commcnd ccxllmg for a data i'ransfer to rhe con— _
troller, it establishes data signals on the Read bus-lines. When a coniroller recog= -
nizes a Write command calling for a data transfer fo a module, it astablishss data’ -
signals on the Write bus lines. In addition, regardless.of whether thers is i _
~transfer on the R or W lines, the module may fransmit one bn of status; m;ormohoﬂ on '
‘the Resoonse bus-line. = : :

Two hm:ng sxgncla, Strobes S} ond S2, are rhen gf-*nnrcfed in sequ=nce on seocrc;fe S
bus-lines. The sirobes are used to transfer data from the Dataway into modules {on -
. Write commands) and into tha controller (on Read commcnds) Thsy r'!oy c!so imhcﬂ'e

Whenever H-xere_ is nb_ Dataway opercﬁon in progress (indicated by the absence of the
Busy signal) any modulé may generate a signal on its individual Look-at-Me lins fo =
- indicate that is requires attention. Three common controll signals are available af

(typically after swﬂ'cn—on) to Ciear ciai'c: registers, and fo Inh:bn Fectaurns such as

aatz @:r‘a RS

WL RS il '?.'".’!'-’T-"‘ﬁf’f,"‘"‘?-‘-’;‘." e e L L T R R T T S DA KA

A
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Technical Information

DEFINITION OF COMMANDS

A command consists of signals on the Dataway lines which specify at least one module
(by individual station number lines), a sub-section of the module or modules (by the
four sub-address bus-lines), and the function to be performed (by the five function bus-
lines). The command signals are maintained for the full duration of the operation on
the Dataway. They are accompanied by a signal on the Busy bus-line which indicates
to all units that a Dataway operation is in progress.

Station Number (N)

Each normal station is addressed by a signal on an individual station number Iine {N)
which comes from a separate pin at the control station. The stations are numbered in
decimal code from the left~-hand end as viewed from the front, beginning with Station 1.

Sub-Address (A8, A4, A2, Al)

Different sections of a module are addressed by signals on the four A bus-lines. These
signals are decoded in the module to select one of up to sixteen sub-addresses,
numbered in decimal from 0 to 15,

Function (F16, F8, F4, F2, F1)

The function to be performed at the specified sub-address in the selected module or
modules is defined by the signals on the five F bus-lines. These signals are decoded
in the module to select one of up o 32 functions, numbered in decimal from O to 31,
The definitions of the 32 function codes are summarized in the Dataway Command
Operations section.

Strobe Signals (51 and $2)

Two strobe signals 51 and 52 are generated in sequence on separate bus-lines. These
signals are used to transfer information between plug-in units via the Dataway or to
initiate operations within units. In either case the specific action is determined by
the command present on the Dataway. Both strobes are generated during each Dataway
command operation, and all plug-in units which accept information from the Dataway
do so in response to these strobes. The first strobe S1 is used for actions which do not
change the state of signals on the Dataway fines. All units which accept data from the
Dataway in a Read operation, or in a Write operation do so in response to S1. The
second strobe S2 is used fo initiate any actions which may change the state of Dataway
signals, for example, clearing a register whose output is connected to the Dataway .

-2C -
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DATA

A common paralle! highway is used for all transfers. All information carried by the
parallel highway is conveniently described as data, although it may be information
concerned with status or control features in modules. Up to 24 bits may be trans-
ferred in parallel between the controller and the selected module. Independent
lines (Read and Write) are provided for the two directions of transfer.

The Write Lines (W1-W24)

The controller or other common data source generates data signals on the W bus-lines
at the beginning of any "Write' operation. The W signals reach a steady state before
S1, and are maintained until the end of the operation, unless modified by S2.

The Read Lines (R1-R24)

Data signals are sef up on the R bus-lines by the module as soon as a "Read" command
is recognized. The R signals reach a steady state before S1, and are maintained

for the full duration of the Dataway operation, unless the state of the data source

is changed by 52. The controller or other common data receiver strobes the data

from the R bus-lines at the time of the Strobe S1.

-3C -
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STATUS INFORMATION

Status information is conveyed by signals on the Look-at-Me (L), Busy (B), and
Response (Q) lines.

Loock-at-Me (L)

This, like the N line, is an individual connection from each station to a separate
pin at the control station. When there is no Dataway operation in progress (no B
present) any plug-in unit may generate a signal on ifs L line to indicate that it
requires attention. When B is present each L signal is gated off the Dataway line
by the unit which generates it.

A Look-at-Me request can be resef by Clear Look-at-Me, Initialize, or by the
performance of the specific action which generated the request.

Dataway Busy (B)

The Busy signal is used to interlock various aspects of a system which can compete
for the use of the Dataway. Specifically, it is generated during Dataway command
or common control operations. Whenever N is present, B is present, and for the
duration of B, all L signals are gated off the Dataway lines. '

Response (Q)

The Q bus-line is used during a Dataway operation to transmit a signal indicating
the status of a selected feature of the module.

On all Read and Write commands the signal on the Q bus-line remains static from

the time the command is received until S2. For all other commands the signal on
the Q bus-iine may change at any time.

- 4C -
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COMMON CONTROLS

Common control signals operate on al! modules connected to them, without requiring
to be addressed by a command. In order to provide profection against spurious
signals the Initialize (Z) and Clear (C) signals must be accompanied by Strobe 52,

Initialize (Z)

The Initialize signal has obsolu te priority over all other signals or controls. It sets all
units o a basic state by resetting all resetting all registers, whether data or control, to
o defined state, and by resetting all L signals and disabling them where possible. Units
which generate must also cause 52 and B to be generated. Modules which accept Z
gate it with 52 as a protection against spurious signals on the Z line.

Inhibit (1)

The presence of this signal inhibits any activity (for example, data taking). It must
either not change when B is present or have rise and fal! times not less than 200 ns.

Clear (C)
This common signal clears all registers or bistables connected to it. Units which

generate C must also cause 52 and 3 to be generated. Modules which accept C gate
it with 52 as a protection against spurious signals on the C line.

PRIVATE WIRING

Patch Leads (P1-P7)

Five pins (P1 to P5) on the 86-way socket at normal stations are not prewired to
Dataway lines but are freely available for local connections. At the control
station seven pins (P1-P7) are available. Signals on the patch pins must either
remain static when B is present or have rise and fall times not less than 20 ns.

-5C -
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DATAWAY COMMAND OPERATIONS

A command is composed of signals on the Station Number line or lines, the Sub-
Address lines and the Function lines. It is accompanied by a signal on the Busy
Line. In response to a command, data may be fransferred on the Read or Write
lines and one bit of status information on the Q line. The two Strobes S1 and 52
must be generated in each Dataway command operation and control its timing.

The order in which the commands are described below corresponds to the function
codes set out in Table 2. In this table theterm 'register' is used for an addressable
data source or receiver, without implying that it has a data storage property. The
function codes allow the registers in a module to be divided into two distinct sets,
known as Group 1 and Group 2. Thus it is possible to operate on more than the
basic set of 16 registers selected by the 4 sub-address lines.

A common feature of all commands is that if the module has a Look-af-Me source

which requests a specific command then the performance of that command should-
be reset the Look-aot-Me source.

Read Commands (Function Codes 0-7)

Read commands are identified by the combination F16 =0, F8 = 0 in the function
code. They specify that information is to be transferred from a module to a controller
via the R bus-lines. Data signals are set up on the R bus-lines by the module as soon
as the 'Read' command is recognized, and the appropriate status signal connected to
the Q bus-line. The R and Q signals reach a steady state before S1, and are main~
tained for the full duration of the Dataway command operation unless the state of the
signa} source is changed at $2. The controller or other common data receiver strobes
the data from the R and Q bus lines at the time of the strobe S1.

- 4C -
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In order to facilitate reading by sequential addressing, all registers containing data
(as opposed to control information) must have cosecutive sub-addresses starting af
sub-address 0. At each of these sub-addresses the module generates Q = 1in
response to the appropriate Read command. Af the next sub-address in sequence
(where there is not a dafa register) the response is Q = 0. At all remaining sub-
addresses the Q signal may be used to test any feature, subject to the general
requirement that the Q signal must be static from the beginning of command

until at least S2.

Code 0, Read Group 1 Register

This command selects, by sub-address, one register from the first group in the
module and fransfers the contents of this register to the controller. The contents
of the register remain unchanged.

Code 1, Read Group 2 Register

Same as Code 0, except command selects register from the second group.

Code 2, Read and Clear Group 1 Register

Same as Code 0, except the module register is cleared af time 52.

Code 3, Read Complement of Group 1 Register

Same as Code 0, except command transfers the complement of the contents of this
register to the controller.

Code 4 -7

Unassigned at this time.

CONTROL COMMANDS (Function Codes 8 - 15)

Control commands are identified generally by F8 = 1 in the function code. They

are divided into two groups by the state of F16, in this case F16 =0. They specify
that information is not transferred on either the R or W bus-lines. However, informa-
tion may be conveyed on the Q bus-line in any of these commands. The signal on

the Q bus-line may change at any time but is strobed info the controller at time S1
and may (except in Code 8) be reset by strobe 2.

-7C -
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Code 8, Test Look-at-Me

This command selects a Look-at-Me source in the module and presents the state
of this source on the Q bus-line.

Code 9, Clear Group 1 Register

This command selects, by sub-address, a register from the first group in the module
and clears the contents of this register.

Code 10, Clear Look-ai-Me

Same as Code 8, except the Look-at-Me source is cleared af time $2.

Code 11, Clear Group 2 Register

Same as Code 9, except command selects register from the second group.
Code 12-15

Unassigned at this time.

WRITE COMMANDS (Function Codes 16-23)

Write commands are identified by the combination F16 = 1, F8 =0 in the function
code. They specify that information is to be transferred from o controller to «

module via the W bus-lines. The controller or other common data source generates
data signals on the W bus-lines at the beginning of the "Write" operation. The module
connects the appropriate status signal fo the Q bus-line as soon as the command is
recognized. The W and Q signals reach « steady state before S1 and are mainfained
for the full duration of the Dataway command operation unless the status of the

signal source is changed af Strobe 2. [In order to facilitate writing into registers

by sequential addressing, all registers which are to contain data {as opposed to control
information) have consecutive sub-addresses starting at sub~address 0. At each of
these sub-addresses the module generates Q - 1 in response to the appropriate

Write function. At the next sub-address in sequence (where there is not a data
register) the response is Q@ = 0. At all remaining sub-addresses the Q signal may be
used to test any feature subject to the general requirement that the Q signal must

be static from the beginning of the command until ot least S2.

-8C -
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Code 16, Overwrite Group 1 Register

This command selects, by sub-address, one register in the first group in the module
and sets the contents of this register to correspond with the data generated on the
W bus-lines by the controller.

Code 17, Overwrite Group 2 Register

Same as Code 16, except command selects register in the second group.

Code 18, Selective Overwrite Group 1 Register

Same as Code 16, except a separate "mask"” register defines which bits in the
selected register are set.

Code 19, Selective Overwrite Group 2 Register

Same as Code 18, except command selects register in the second group.

Code 20 - 23

Unassigned at this time.

CONTROL COMMANDS (Function Codes 24 - 31)

Control commands are identified generally by F8 = 1 in the function code. They

are divided info two groups by the state of F14, in this case F16 =1, They

specify that information is not transferred on either the R or W bus-lines. However,
information may be conveyed by the Q bus-line in any of these commands. The
signal on the Q bus-line is permitted to change at any time but is strobed into the
controller at time S1 and may (except in Code 27) be reset by strobe S2. Precautions
must be taken to ensure that information is not lost due fo Q signals appearing
between S1 and 52.

Code 24, Disable

This command selects, by sub-address, and disables a feature of the module; e.g.,
a Look-at-Me source or a data input,

Code 25, Increment Preselected Registers

This command adds one simultaneously to the contents of each register in one of 16
groups, defined by the sub-address.

ENGINEERING DEPARTMENT - 9C -
LeCroy Research Systems Corp.




Technical Information
- _
g
Code 24, Enable
l This command enables the feature of the module selected by the sub-address, e.g.,
a Look-at-Me source or o data input.
L 1 Code 27, Test Status
f{ This command selects, by sub-address, any feature of a module other than a

L source of a Look-at-Me request, and tests it by producing a response on the Q
bus=line.

. Code 28 - 31

;; Unassigned at this time.

* - 10C -
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M DIGITAL SIGNAL STANDARDS ON THE DATAWAY

l The potentials for the binary digital signals on the Dataway lines have been defined
to correspond with those for compatible current sinking logic devices (e.g., the TTL
and DTL series). The signal convention has, however, been inverted to be negative
n logic. The high state (more positive potential) corresponds to logic '0" and the low
o state (near ground potential) corresponds to logic '1'. Intrinsic OR outputs are thus
- available from the manufacturers' standard product range, and disconnected inputs go
I to the '0' state.

It is an essential feature of the Dataway that many units may have their signal outputs
[ connected to the Read and Response lines. Qutputs onto these lines therefore require
o intrinsic OR gates. The same principle is extended fo other lines (Command, Write,
etc.) in order to allow more than one controller-like unit in a crate. The Inhibit line
may be an exception, since iis signals are shaped with a slow rise and fall if they
change during Dataway operations.

i Voltage standards for Dataway Signals

All Dataway Signals must conform to the voltage levels as follows:

L Pull-up current sources for all Dataway bus-lines are located in the crate controller
- (occupying the control station and at least one other station) so as to insure that there
L is one and only one current source per line. The minimum pull-up current when the
L Dataway line is at +3.5 V is defined in Table 4 as 2.5 mA but, if the controller gene-
Lo rates Dataway signals at time intervals near the permitted minima, the pull-up current

: sources should preferably provide not less than 6 mA when the lines are at this potential .
= The pull-up for the N signals is located in the unit generating the signals and for the
L signals in the unit receiving the signals so that the individual lines may be joined or
grouped within these units if desired.

v The N and L lines are effectively individual lines joining two units ( a module and a
D controller) together. The Q and R lines will generally have many units generating the
o signals (say 20) with a few units (maximum 4) receiving the signals. The remaining
lines (W, A, F, S, B, Z, |, C) will have relatively few units generating each signal
(often only one) with the possibility of many units receiving the signals.

o - T1C -
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Timing of Dataway Signals

The sequence of events during a single Dataway operation is shown in Timing Diagram,
Page 13C, by means of simplified signal waveforms. The shaded areas indicate the
permitted variation of each signal between an jdeal square signal and a signal whose
transition across the appropriate signal threshold (0.8 V or 2.0 V} satisfies the condi-
tions shown. The signal waveforms for the command and data lines apply fo those lines,

if any, which take up the '1' state. Other command and data lines may, of course,
be in the '0' state during the operation.

.‘. The signals on the Busy line and the various signals constituting the command need not
occur in exact synchroism, provided their envelope lies within the shaded areas of
F] the diagram. Similar variation is permitted between the signals constituting the data .

c The broken line indicates the earlies time at which the data signals may change in
B response to S2.

Key poinis on these waveforms are indicated by tg = tg, with the following significance:

Points fy, t3, f 4 represent the initiation of the negative-going of the Command, Strobe
5 1, and gfrobe 2'signals, respectively. They are the times at which the signals would
' be received from an ideal Dataway with no capacitative loading.

Points tg, t5, tg represent similarly the initiation of the positive-going edges of the
same signals.

R : Points f5, t1] are the latest times at which the data source is permitted to initiate the
i hegative-going and positive-going edges of the data signals.

B Points t{, 13, 14, t7 represent the latest times ot which the received signals are

permitted to reach a maintained '1' state, and therefore refer fo the last negative~
going transition across the + 0.8 V threshold.

Points tg, to, 119, t1o represent the latest times at which the recejved signals are
permitted to reach a maintained '0' state, and therefore refer to the last positive-
going transition across the + 2.0 V threshold.

R - 12C -
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Controllers must initiate the negative and positive going edges of the command and
strobe signals at intervals not less than those defined by t3, 15, t4, tg and t_..

s £ ?
Modules respond to the command within the most adverse value of (t] - t9); 1.9.,
100 ns. The electrical characteristics of the Dataway and connections from it into
units must allow signals to rise and fall within the minimum times for (1'0 - t1), (to = t3)
efc.

The next Dataway operation must not start before tg.

The extreme case is shown in Timing Diagram, Page 15C, with the next operation
starting at tg, so that to =t of one operation coincide with tq - £, of the next.
The command and data signqlzs of one operation may thus be removeg while those

of the next operation are being established. The Busy signal may be maintained
continuously during a sequence of consecutive Dataway operations. Under suitable
conditions any command or data signals of one operation may thus be removed while
those of the next operation are being established. The Busy signal may be maintained
continuously during a sequence of consecutive Dataway operations. Under suitable
conditions any command or data signals which have the same state during successive
operations may also be maintained. In the extreme case of successive operations with
the same command and data there could be a complete absence of signal transitions

between g and t3.

-13C -
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POWER SUPPLIES

The voltage tolerances and current loadings are specified below. The specified

tolerances in voltage refer to the voltage measured af the contacts of the Dataway
sockets and must be maintained under the worst combination of factors such as a.c.
mains voltages and frequency, the maximum current loadings, temperature and the
position in the crate of the socket under observation. '

Note that the maximum currents stated in the below table are subject to the over-all
restrictions as follows;

-

: 1. The current carried by any contact of the Dataway socket must not
exceed 3 A.

{ 2. The total power dissipated in a crate, without forced ventilation,

oL must not exceed 200 W,

% , 3. The power dissipation per single width station should not, therefore,
) normally exceed 8 W; however, under special circumstances this

: rating may be increased to a maximum of 25 W provided suitable

. precautions are taken to comply with total power dissipation and
current {oadings.

- The resistance befween any point on the Dataway OV power return bus-line and the

point at which the power supply is joined to the crate wiring must not exceed 2
milliohms.

- 15C -
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Maximum Current Loads

Supply Voltage
Voltage Tolerance In the Plug-in
(per unit width) In the crate
See Notes (1) & (3) See Note (2)
Above Above
Mandatory
+24V d.c. +0.5% 1A 6A
+ 6V d.c. 32.5% 2A 25A
- &V d.c +2.5% 2A 25A
-24V d.c +0.5% 1A A
ov
Additional (as required)
+200V d.c. +60V, -20V 0.1A
+ 12V d.c. +0.5%
- 12V d.c. +0.5%
117V a.c. +10%, -12% 0.5A

- 16C -
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8 CAMAC FUNCTION CODES

Function Function Line Coding
Function F F F F
No. 16 & 4 2 1 No.
0 Read Group 1 Register 0 0 0 0 0 0
1 Read Group 2 Register 0 1] 0 0 1 1
2 Read and Clear Group 1 Register 0 Q0 0 1 0 2
3 Read Complement of Group 1 Register 0 0 0 1 1 3
4q Non-standard G ) 1 0 0 4
5 Reserved 0 0 1 ¢] 1 5
6 Non-standard 0 0 1 1 0 6
7 Reserved 0 1] 1 1 1 7
8 Test Look at Me 0 1 0 0 0 8
9 Clear Group 1 Register ] 1 0 0 1 ¢|
10 Clear Look at Me 0 1 0 1 0 10
" Clear Group 2 Register 0 1 0 1 1 11
12 Non-standard ] 1 1 0 0 12
13 Reserved 0 1 1 0 1 13
14 Non-standard 0 1 1 1 0 14
15 Reserved 0 1 1 1 1 15
16 Overwrite Group 1 Register 1 0 0 0 0 16
17 Overwrite Group 2 Reqister 1 0 0 0 1 17
18 Selective Querwrite Group 1 Register 1 0 Q 1 0 18
19 Selective Overwrite Group 2 Register 1 &) 0 1 1 19
20 Non-standard 1 0 1 0 (4} 20
21 Reserved 1 0 H 0 1 21
22 Non-standard 1 0 1 1 0. 22
23 Reserved 1 0 1 1. 1 23
24 Disable 1 1 ] 0 0 24
25 Increment Preselected Registers 1 T 0 0 1 25
26 Enable 1 1 )] 1 0 26
27 Test Status 1 1 0 1 1 27
28 Non-standard t 1 1 0 0 28
29 Reserved 1 1 1 0 1 29
30 Non-standard 1 1 1 1 0 30
3 Reserved 1 1 1 1 1 + 31

-17C-
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PIN ALLOCATION AT NORMAL STATION

VIEWED FROM FRONT OF CRATE

Free Bus Line P1 B Busy Bus Line
Free Bus Line P2 F16 Function Bus Line
Individual Patch Point P3 F8 Function Bus Line
individual Patch Point P4 Fa4 Fune¢tion Bus Line
Individual Patch Point Ph F2 . Function Bus Line
Command Accepted X F1 Function Bus Line
Bus Line with Patch Point — Inhibit | AB Sub—Address Bus Line
Bus Line with Patch Point — Clear C Ad ' Sub—Address Bus Line
Individual Lines — Station Number N A2 Sub—Address Bus Line -
with Patch Points ~ Look-at-Me L Al Sub—Address Bus Line
Bus Line — Strobe 1 S1 Zz Initialize Bus Line
Bus Line — Strobe 2 S2 Q Response Bus Line
( W24 w23
w22 w21
w20 wio
W18 w17
W16 w1k
24 Write 8us Lines < w14 w13
. w12 w11
W1 = |east significant bit w10 wg
W24 = most significant bit wa w7
Wé wo
w4 w3
w2 wt
R24 R23
R22 R21
R20 R19
R18 Rt7
R16 R16
24 Read Bus Lines < R14 R13
h R12 R11
R1 = teast significant bit R10 R9
R24 = mbst significant bit R8 R?
R6 RS
R4 R3
\, R2 R1 ‘
Reserved for —12 volts D.C. 12 -24 —24 voits D.C.
Reserved for +200 volts D.C. +200 -6 -6 volts DC.
Reserved 117 volts A.C. Live ACL ACN Reserved for 117 volts A.C. Neutral
Reserved Y1 £ Reserved for Clean Ground
Reserved for +12 volits D.C. +12 +24 - +24 volts D.C.
Reserved Y2 +6 +6 volts D.C.
0 volts (Power return) 0 4] 0 volts (Power Return)

Control Station is identical except that:

(1) Even numbered R and W lines are used for L.
(2 Odd numbered R and W lires are used for N.
(3 Pins P! and P2 are individual patch points.

(4 Pins N and L become P& and P7. '

~18C-
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STANDARD DATAWAY USAGE

Title Designation Pins Use at a Module

Command
Station Number N 1 Selects the module {Individuat line from coﬁtrol station).
Sub-Address Al,2 4,8 4 Selects a section of the module.

Function F1,2,4,8 16. 5 Defines the function to be performed in the module.

Timin
Strobe 1. S1 1 Controls first phase of operation (Dataway signals must not change).
Strobe 2. s2 1 Controls second phase {Dataway signals may change).

Data )

Write W1 — W24 24 Bring information to the module.
Read R1 — R24 24 Take information from the module.

Status
Look-at-Me L 1 Indicates request for service {{ndividual line 10 control station).
Response Q 1 Indicates status of feature selected by command.

Busy . B 1 Indicates that a Dataway Operation is in progress.
Command Accepted X 1 tndicates recognition of a valid command.

Common Controtls Operate on all features connected to them, no command reqauired.
Initialize Z 1 Sets module to a defined state. (Accompanied by $2 and B)
Inhibit | ] Disables features for duration of signal.

Clear C 1 Clears Registers. {Accompanied by §2 and B)

Private Wiring
Free Bus Lines P1—pP2 2 Free for unspecified common connections.

Patch Points P3-P5 3 Free for unspecified interconnections.

Mandatory Power Lines The Crate is Wired for Mandatory and Additional Lines
+24V D.C. +24 1
+ 6V D.C. +6 1

- 6vVDC -6 1
-24v D.C. -24 i
ov o 2 Power return.
Additional Power Lines Lines are Reserved for the Following Power Supplies
+200V D.C. +200 1 Low current for indicators etc.
+ 12V D.C. +12 1
- 12v D.C. -12 1
117V A.C. (Live) ACL 1
117V A.C. (Neutral) ACN 1
Clean Ground E 1 Retference for circuits requiring clean ground,
Reserved Y1.Y2 2 Reserved for future allocation.
TOTAL g6
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