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THE VERNIER DELAY UNIT*

W. B. Pierce
Stanford Linear Accelerator Center
Stapford University
Stapford, California 94305

' Q@ : Abstract The two programmable delays in series [0.6 us and 0.1 ns]
will have the condition that some delays which are to be re-
This wodule will accept differential ECL pulses from the aux-  quested could be requested by several different programs. For
iliary zear panel or NDM level pulses from the front panel. The example: I we wish to request a delay of 1.5 us, there are three
pulses are produced st the output with a fixed delay that is  possible choices:
software programmable in steps of 0.1 ns over the range of 0.1 0.5 Program 0.1 Program Totz! Delay
to 10.5 np. Multiple outpots are available at the front panel. — 15 0o
Minimum delay through the module is B ns. 15 ne

Iatroduction 1.5 oo

One of the most critical timing specifications for $he SLC ma-
chine cccurs at the injector and ejector maguets for the Damping
Ring. It has been determined $hat the trigger pulscs to the mag-
nets must be controlled to 0.1 ns. The primary source for all
trigger pulsea for the SLC machine l¢ the Programmable Delay
Uuit (PDU). The FDU generates o 67.2 ns wide pulse withh delay
increments of 8.7 pa. The gap botween the required accuracy
and that available from the PDU requires the design of a new
module that is called the Varnier Delay Unit (vDU). This mod- e
ule accepls the 67.2 na pulse from the PDU and s capable of o+
increasing the delay in steps of 0.1 ns from O to 10.7 o plus the S
minimum 9 ns delay.

The module bas two totally Independent channels. The pulse
input o the module is software salactable from eitber the auxil-
iary backplane or a front panel Lemo connector, The auxiliary
backplane pulses are to be the 87 ns differential ECL pulses from
the PDU. The front pane! input !s to be a NIM levet (-0.7 V
50 ) {enaigation). s e -
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With the exception of the Pos B V signal, all output pulse o abioe <808 0.00n 01000 ~0u0m
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widths will track the input pulse widths. The following oxtputs Dl e edd SR ININ DO o
are available on the front panek 2t :.g:’,g: :::‘:3 :fi; :.':;'}; :;"::5 gt
1. Differential ECL L ok 5. a-e0h done i
2. NIM level E::gi 2 o

3. Pos 5V, 500 ps wide pulss
The delays for the two thannels ore independently software
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programmable over the raage of 0 to 10.7 ns. The delay is it ad
achieve by eiilizing the PECLDL Programmable Delay Lines i 303
that are available from Englneered Components Company of by
San Luis Obispe, California. Two units were used per channe): et
the PECLDE 2.8-0.1 and the PECLDL 2.8-0.6. prorda
These delay lines are connected lu series, and both are 4 bit vol vidhs b
programmable. The Z.8-0.6 mode] produces stepped delays in Iy
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increments of 0.6 na from 0 to 9.0 ps. The model 2.8-0.1 bas
- increments of 0.1 ns and is programmable fram 0 0 1.5 ns. Each
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unis preseots a minimum of 2.8 ns delay. Added fo this 5.6 ns st o 3.
delay is the YDU internal delay of approximately 3 ns, giving i e e
. a minimum delay of approximately © ns. For all of the testing 03 orces Sorr 3.0es

and calibration, this tixed delay Is measured by programming 0
delay to the module atd measuring the delay between input and
output pulse. All subscquent dolay measurements made during
calibyation and testing were correctad to present locremental
delays that do not include Lhls Bxed value.
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be 1.500 na. Another requirement is that the value of the in- Pt 2 heoke e
cremental delay increase a3 the requested delay is o oo o fidw-d
increased. To obtalt: the sddresses for a best fit, a computer pro- Hori g d gi"-’»
gram was written that cycles through all possible delay address o Cahid” bt
combinatione, mey ares and records the delay, and address, and : Gt poon, prite
etores these values in RAM. The computer then Jooks for the i’
best fit to the ides! curve. “When it finds this best fit, it prints E s

out the ideal value, addreis of the closest available delay, and
does a second measurement of the delay and printa this value.

At the completion of this program, the printout will contain
the delay nddresses that will produce the most linear monoton-
ically increasing delay. These delay addresses are stored in »
PROM that is addressed by the eofiware requested delay. The
PROM is acting an & program director, insuring best fit of the
requested delay.

The computer printout {s shown in Fig. 1 for the program-
ming of a specific PROM. Bach of the units will have a unique
PROM program. The upper portion of the printout lists the de-
lay at each address. The !ywer portion sbows how to program
the PROM to get the best it available.

The result of & fin t of the module is shown in Fig. 2.
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The PROM has been med and the module is functional
and ready for delivery. . 3 is & system diagram, Fig. 4 isa S
vDU-1 channe] block dj and Fig. 5 is a schematic of the Dk s s sty
module. LN e
Fig. 2. Final Test Printout
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Fig. 3. System Diagram
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The following discussion refers to Flg. 5 {Schematic Drawing
DS-!35-156-01-R2], ang is an effort 1o deacribe the circuit
function of the chipe utilired. V14, VI7 we ECL line receivers
that present proper terminations to the driving circuits. U6
and U1S are ECL gates that yltimately determine which condi-
tion is selected, i.c., rear panel, front panel or channe] disabled.
Ull and Ul12 are the prograramable TTL registers that dictate
which condition the gates will be in. (Agoin: front/rear pane!
select or disable) V18, 19, 20, 21 ave the ECL programmable de-
lays. U19, 21 are programmable delays of 15 steps of 0.1 n3 per
step. ULS, 20 are programmable in 15 ateps of 0.8 ns per step.)

A E.

BLOCK DIAGRAM

VDU-1 Channel Block Diogram

U22, 24 are ECL line drivers that condition the output signal
1o the dresired levels. U23 and V25 are ECL monostabies that
generate the fixed 500 ne cutput pulse width and Q4, Q5 and
Q6, Q7 are discrete transistors that generate the +5 V amplitude
of this 500 ns pulse. B1, U2 are latches that hold the reguested
delay that is on the CAMAC write lines. U7, UB are PROMs that
are programmed to get the optimum incremental delay response.
U3, U4, US are TTL circuits used to read back the information
as to what delay has been programmed into the circuit. U3 and
U4 act as a multiplexer selecting between Chl and 0. U5 is the
CAMAC READ line ariver. U13 is the “u“ light driver.
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Fig. 5. Module Schamatlc
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b The VDU module Is a single width CAMAC module. Figure 6 The CAMAC commands utifiged for this module are as
is & photo of the module, Sallows:
CAMAG CODES
& Power On, FOeaXe82, Ze§2 will diazble all outputs and
clear all channels,

s FO AG/AL : Read the contents of the delay register. Q=1
lmpliea that the suxlliary backplane is selected AND

- fabe

) j ) channel (0/1} is enabled.
~ £ » F1 AD/AL : Read the contents of the delay register. Q=1
> unplies that the front panel i selected AND channel (0-1)
' 4 is anabled.
! » F10 AO/A1 : Disable channel (0/1).
H ‘ M e F16 AD/Al : WRITE W1.W7 into channe! O or 1, in

straight binary. This command also selects the auxiliary
backplane, and enables the output,

» F17 AO/Al : S5ame as P16 A(0/1) except Lhat the inputs
are selected from the front papel.

. o o F25 AQ/A1 : Enable channel {0/1). Enable rear nanel
H input.

1

; Fig. 6. VDU Module . m‘*"/“ : Enable channel {0/1). Enable front panel

' s F27 AO/A1 : Q=1 implies that channel (0/1) is enabled.
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