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Abstract _ The two programmable delays in series [0.6 ns and 0.1 ng

will bave the condition that some delays which are to be re-

This module will accept differential ECL pulses from the aux- quested could be requested by several different programs. For

iliary rear panel or NIM level pulses from the front panel. The example: If we wish to request a delay of 1.5 ns, there are three
pulses are produced at the output with a fixed delay that is  possible choices:

software programmable in steps of 0.1 ns over the range of 0.1 0.6 Program 0.1 Program Totz! Delay
to 10.5 ns. Multiple outputs are available at the front panel. 1 2=12 3=03 15
Minimum delay through the module is 9 ns. : - - - > 18
2. 1=06 9=09 = 1.5 08
Introduction 3. 0=0 15=15 = 1.5 s
One O{ the mos‘ critical timing speciﬁcations for the SLC ma- ' “;‘;:0\‘:’: ":Tv::":':;zhc(«-‘ﬂ. 0.295 0.3 0.476 0.3/8 0.60)
H in: H H 6 $viud PN G903 1 .07 W77 32 .
chine occurs at the injector and ejector magnets for the Damping s als et ceie eve biens 3.35 i.é?; :.xg? nhe
o 10208 1,206 10020 150 W 70, 604 1,88
Ring. It has been determined that the trigger pulses to the mag- » Lo2om doadt deadd Aol 10T L T0 Lk Ledke
. rt 1.8 1,962 1.968 2.095 2.143 2.3 2.4
pets must be controlled to 0.1 ns. The primary source for all hes ,_,:; B e T e e 2 i
. H M i 39B 2.472 2.556 4. 2,733 2,830 2,923 30w
trigger pulses for the SLC machine is the Programmable Delay “;' 5.,;; 2 e §.33 T 2 200 3008
H - H . 7 2306 3.287 3.341 3.392 3.425 3.503 3. 3.090
Unit (PDU). The PDU genetates a 67.2 ns wide pulse with delay 2 oo 5 3_3;3 3w T i I e e
. . * Sebé . WBhL 3.949 4,000 4.094 4,201 4.303
increments of 8.7 ns. The gap between the required accuracy T dcoen 33 3L e 3000 e L1150 4,202 4130
H . H i {1 4,300 4,444 40015 4009 4,452 4,709 4.8 N/
and that available from the PDU requires the design of a new B oo e e T e e
- . . . i 7 . T, .30 . 5. . . .
module that is called the Vernier Delay Unit (VDU). This mod- 120 4060 3071 310k 3258 5304 Seee 31501 5,407 3607
ule accepts the 67.2 ns pulse from the PDU and is capable of Tor 00005 07 Eomee 5.079 6,083 ei103 erade 61310 erie
increasing the delay in steps of 0.1 ns from 0 to 10.7 ns plus the PP I HE A A
minimum 9 ns delay 1 A0l w13 Tor 2 7t 2iha 2k 2 Tans
. &.877 7.0) 2123 7,224 2.314 7.4 310 7,001
e $0CHB 7,039 7,741 7.821 7.929 0.011 8,124 §.209 0.293
H R 192 0000C 7,438 7,552 7.443 7.73 818 7,922 8.033 0.
The module has two tOtauY mdependent channels. The pulse 200 #0028 Mt jgted ;;: ool 6.7 aoe0n
input to the module is software selectable from either the auxil- e dou 803 Bk a1 vaks v i 413 A
. ITTs a2e 300 NYs . . . Bii N . .
iary backplane or a front panel Lemo connector. The auxiliary 53 00ca 91373 9,470 9.500 ey 9720 9.000 1,092 V.03
backplane pulses are to be the 67 ns differential ECL pulses from 00008 2.0 9977 10,090 10:208 10,273 10,308 101 bed 10,552
the PDU. The front panel input is to be a NIM level (-0.7 V A
50 £ termination). Quieul 14 fron Cuames 0
rX0M  FROM NOR AAT (]
. . . LY  ADLR DATA Vi MY Wy DATA
With the exception of the Pos 5 V signal, all output pulse
. ; . . . 0 901rr 90000 §.004 0,004 0.001 $0OFF 35 00ICA 40074 0.001 5.301 5.265 #0003
widths will track the input pulse widths. The following outputs 1 $017E 90001 0.020 0.120 0.112 $OOFE 34 #0107 #0076 0.002 5.398 5.380 #0084
. 2 001rL 60002 0.006 0.206 0.197 900+ D 3> #0108 00070 0.031 5.531 5.52> #8081
are available on the front panel: 3 $01eC 90003 0.003 0.295 0.209 000+ T e #0137 #007E 0,006 S.608 5.603 #0061
4 901rh 00004 0.073 0.377 0.370 900+ D 57 #01Ce 0007F 0,001 5,697 5.699 4080
. . o 001rA $00CY 0,024 0.47¢ 0.467 S00+A 58 #01CY 00093 0.003 5.805 5.781 #00et
1. Differential ECL $ 4000 0001s 0,018 0,014 0408 d00LL 59 00104 #0097 0,029 5.929 5.909 9l
. ¥ 90007 0.C17 0.683 0.47% 900+ 8 &C #0;C3 00084 0.022 5.978 5.972 40073
2' NIM level G e01r7 40009 0.C14 0.814 0.008 #00r ¢ ; #01L2 €008k 0.025 6.075 4.066 00074
¢ 001 40004 0.0G] 0.903 0.099 €00+ 5 0le 0080 ©.02, i 22 b
3 P 5 v sw -d 10 .ol:; Cozg’ ©0.008 1.008 1.004 .08:'0 :i :Oicz :Oggb 0-0:; :-i:; :'303 13200
. 08 » ns wiae pulse 1; ogu; 00000 gz;; 1,073 1.064 900F3 0 9C1Br 90097 0.036 6.434 6.413 #0068
12 #0)e 90023 0. 1.180 1,173 0000t 0> 901Bt 90098 0.017 4.483 6.473 #3007
The delays for the two channels are independently software 1oV Sooia 0100t 1rer? 1rees voors ot moom 0011 s 303 Yoo
. 13 601°0  0001F 0.021 1.521 J.514 900C¢ 8 00isk ¢ 0.0 /99 4.80 3
programmable over the range of 0 to 10.7 ns. The delay is 1o doies saoic 0,00 1.,v§ x.:sai et 39 0ihe 100u6 0,005 .905 6075 40057
’ ays _» . 1 led 00 A007 1.7 . 3 /i . . .
achieved by utilizing the PECLDL Programmable Delay Lines 10 00ich +001c 0.004 1004 179 $006 D eoihe vessh oioie 708 3oae eones
- . 19 001eC #0027 0.002 1.902 1.890 900D 75 001 0 02 W77 7073 O
that are available from Engineered Components Company of » .:xiu fouke 014 1 vws 1.0 soobs 73 Sotee s00me 0.01s 7.3e 71301 so0eh
. . . . . <1 #01eA 900, 007 2,093 2.08 4 ‘ 01by s €.02 420 7.412
San Luis Obispo, California. Two units were used per channel: i :g;i: 20055 0,043 3,187 2174 so0en £ a0ls seoks 0.018 7oie 7isos sene
. i 20038 C.010 2.2782 2.267 #0009 . 01b 87 0.0 . 7.002
the PECLDL 2.8-0.1 and the PECLDL 2.8-0.6. A0 voesh 0,000 339 3370 so0Ey 12 abiee oon 0.010 110 I3ts veass
4 90jee  4003% 0.020 2.472 2.45% 900Ce 78 00161 900C+ 0.0.8 7.918 7.615 #0036
. . - - 40 ¥01es 0047 0.040 2.500 2.533 00D 7% w0 0 0.022 7.922 7.2
These delay lines are connected in series, and both are 4 bit £ Aoier +o0e} 01001 rert 3ier2 so0BC W oin 90008 So3ure e 8 006 2 90s 800
programmable. The 2.8-0.6 model produces stepped delays in 43 W00 Soues 0008 it 3.00r woote 35 SoIAL 90008 0,003 81157 B.203 euts?
. . o & %4 v 0. . . 2 i C . .1 .2 037
. 0 €01 3 0.00e 3. 3.00. 0L 0 < 007 8.2 .2 9
increments of 0.6 ns from 0 to 9.0 ns. The model 2.8-0.1 has 31 90160 e00sb 0.00a 3104 3.088 800 e #OLA 4ovie 0,003 B0C5 8.40) o0iLs
. . 2 001 0049 ©.217 3.217 3.197 900b6 8, oiy 0.008 8.3 WSl D
increments of 0.1 ns and is programmable from 0 $0 1.5 ns. Each 5 $0loe 9000k 0,001 3,311 3,269 000k 86 40147 s0is 0,007 860 B.00s 0510
. .. . 0301 0. 492 3.37 . ] T . . ve
unit presents a minimum of 2.8 ns delay. Added to this 5.6 ns 3o S010C 400sh 0,003 3,303 3,493 w0Gi e o Dol aaes By o
. . . ¢ . Jo 003Uk 0057 0.008 3.392 3.07% 000A6 8% 00 oy V.013 B.857 8.857 0.0
-delay is the VDU internal delay of approximately 3 ns, giving 37 001ia e0va) 0008 3,697 3.473 4000 % 00125 eoucs 0001 B.997 T.oue sinis
a minimum deley-of approximately 9 ns. For all of the testin 29 V0ivh ss0ed 01010 391e 3,908 sc08C 3 Shias VoLt 000 3be Bibt vait
and calibr tn th. ﬁx d d l . y ed b - g @ WL .00:: ‘.0:“.-0 4,000 4.991 000A) 3 '01::5 :OOI-; 0.01: 9.4}: LARYYY :g\}.‘l
ation, this ixed delay Is measur y programming 0 o3 9016 00030 0.006 4.0V4 4,092 $00A2 Yo 9S1AL #00ir 0,001 §.401 9359 002y
. . < 0010y e 0,001 4.9 197 000A1 Y W03 47 . v
delay to the module and measuring the delay between input and +S e0ibe oun 0,003 4,403 41100 scoRs Vo ls Noes .31 vieeh rsen soeit
Out ut ulse. Al] Illb uent dela meaaurements made durin - 09xu§ ow::v o‘gaz ~:w¢_ A;);i 4008¢ LH oox:“ 'oo..:. 0102? !.1.‘:4 9::'!} 0::“\
g t? d oed o - g 32 A0IE vouk 0.005 41o%s .587 w00 Al ek ioes viev vs6s et
calibration and testing were corrected to present incremental o 900 90073 0.0.7 4673 4,850 9008 106 Q017K 90T 0,03 9,977 5,955 sedve
. . 201C 0074 0.0 84 4763 8000 i vr LGl W veGIS Buvvl
delays that do not include this fixed value. D S0ICL 4007L 01001 41090 41064 M0OBA  1or evire ave P O0uE dusneR duiius b
- S0 SUIT0 SUITe 0.006 4.994 4.974 4 006Y 1903 #01¥E 40l €.021 14277 1w
B Ve $0JCC w9078 0.0Ve S.100 5.091 €008/ 106 90197 0D C.vdl Jvaded Li 378 funes
» work supponed by ghe Depmment of Enersy, contmt ";‘u‘.“ilh'i #0079 0.00d 5.205 S.169 0008 WY 170 #0ure Covoe Ju.dod Juidoe by,
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DE-AC03-76SF00515. Fig. 1. PROM Programming
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In theory any of these programs should produce the re-

surhul i Trom Lndmitte O

N . SinIN wLYodar LiY-meAS D DeLiA-enK  TOTAL-ExN
quested delay. In practice we are looking for the best fit to Pt (mieniou -
4B.6s0
the ideal requested value. In the example, that value would 214900 0,000 =0.1¢0 0.030 3533 3501 e s 0.0
. N K R s 0. It 1006 G0l 4 L4900 B.aas O, 1044
be 1.500 ns. Another requirement is that the value of the in- £9:220 0.210 0,062 0.010 o 30300 538 0,001 0108
. . 3 0.9 35 . . 90 V.00 5.67Y -0, .
cremental delay increase monotonically as the requested delay is $ 0-490 o1 -0.000 0.021 @2 32106 5755 -0.020 0,038
v D206 0,0 . “d U veB2 =04 .
increased. To obtain the addresses for a best fit, a computer pro- * res0 0.433 -0.004 0,003 37 50000 5.92; -0.003 0,032
. . "’ 003 ~0.0386 -0, . e ¥/ 0. .
gram was written that cycles through all possible delay address 3 4000 0,802 4,00 0032 £ 4100 6.0 -0.008 0,030
combinations, measures and records the delay, and address, and v 100G 1045 0,010 0,040 03 4130 41343 0067 0082
stores these values in RAM. The computer then looks for the RN e o 01500 41308 01007 0+006"
N . id 1.900 1,200 O -6, o0 6. . . .
best fit to the ideal curve. When it finds this best fit, it prints P 1900 1436 6102 0,000 & 4100 .75 0.082 0.0%
out the ideal value, address of the closest available delay, and i2 11630 1.a43 -0.07 0,083 27 :900 4.561 6,009 0,001
i i 13 1.80v 1.822 -0.015 £.022 7i 7,106 7.060 -0.063 ~0.040
does a second measurement of the delay and prints this value. 1§ 1,80y 1822 0,013 0.02 73 12100 7,060 -0.083 0,040
- 20 2,000 2.03C ~0.008 0.030 73 7.300 7.329 0.074 0.029
At the completion of this program, the printout will contain £ 20100 2152 0,000 0,083 747400 7408 0,013 0,008
the delay addresses that will produce the most linear monoton- 224430 2,273 0,002 0,007 T8 7400 7431 ~0.014 0.031
ically increasing delay. These delay addresses are stored in a 22300 2047 0,001 0,047 78 7:800 7,883 0.0%3 0,083
H < 20700 2,680 -0,006 -0,020 30 B,C0U B.0G26 -C.045 0.026
PROM that 15 addr“sed by the wftware l'equested delay. fThe <6 2,800 2.766 -0.012 -0.032 8. B,100 B8.081 -0,045 -0.019
i i ogram i 1 i 29 4.900 ..8/¢ 0.006 -0.026 8. 8,200 B.163 ~0.018 -0.037
PROM 15 utmg as a pr dlreCtor, lnsurlng beSt ﬁt o the W 3,000 3.Ce) 0-0:7 0.041 83 8.500 5-2:0 0.001 -0.036
31 30100 3.1a4 -G.007 Q.034 84 8.400 B.417 0.0u3 C.017
req“eSted delay. 32 3.200 3.2;7 0.063 0.037 85 B.300 8.5i8 0-00; 0.0ib6
33 3.300 3.338 -0.001 0,036 Bo 8.600 8,806 ~0,012 0.006
The computer printout is shown in Fig. 1 for the program- oo 18 00 00 b e o e oo
ming of a specific PROM. Each of the units will have a unique 4o 2:000 3823 -0.03¢ 0.033 89 8.700 8,741 0,006 0,041
'PROM program. The upper portion of the printout lists the de- $:7%0 20,008 -0.004 957100 9,080 -0.0%4 -0.020
lay at each address. The lower portion shows how to program 4,031 0,007 0,021 73 3306 5208 0,008 0,03
H 225 G001 0,023 75 9,500 9.432 -0.0i0 -0.C46
the PROM to get the beSt ﬁt avallable. :.31: -0.;)0 .01 7: $.000 7.;#9 -u.004 -0.0;2
4,380 -0.03> -0.020 97 9./00 $T37 0.079 0.027
“The result of a final test of the module is shown in Fig. 2. 31500 0.07 0007 98 9.800 7,855 0.00 0,035
M M +/ 4,700 4.7¢% -0.071 0.00% W00 10,000 10,004 -0.018 0.00e
The PROM has been programmed Md the mOdule 18 funCtlonal 3 :.500 :.4‘% =0.0i3 -0.004 00 164100 104057 —\I.OZ; =G.023
H H 3 H M H 7 4.900 4,896 -1../5%c-6 -0.004 32 10,0 19,185 -0.012 ~v.035
a'nd ready for dehvery' Flg' 3 1s & syStem dlagram’ F'lg' 4 I1s a ;0 ;cOOO :.993_ -0-(?13‘-&017 fvS lO-J;Z 1\7-“;7 -6,038 -:.0«'3
VDU-1 channel block diagram and Fig. 5 is a schematic of the Bl peens e doioe doih S e
mo“au]e_ 10—84 941A3

Fig. 2. Final Test Printout
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Diff

Fig. 4.

The following discussion refers to Fig. 5 [Schematic Drawing
DS-135-756-01-R2], and is an effort to describe the circuit
function of the chips utilized. U14, U17 are ECL line receivers

. that present proper terminations to the driving circuits. U16
and U15 are ECL gates that ultimately determine which condi-
tion is selected, t.e., rear panel, front panel or channel disabled.
U1l and U12 are the programmable TTL registers that dictate
which condition the gates will be in. (Again: front/rear panel
select or disable) U18, 19, 20, 21 are the ECL programmable de-
lays. U19, 21 are programmable delays of 15 steps of 0.1 ns per
step. U18, 20 are programmable in 15 steps of 0.6 ns per step.)

ECL
Select F.P.
Aux Back Plane
Q
CAMAC —9» _
Q
4
BNC < Ao
Pulse Mono
h < ) Shaper « Stable [ g.?lens Deloy‘ e—— W
ps st
- e A g
+5V 1/2us * 3 BROM < CAMAC
A >y
- NIM —————— 0.6ns : <
S.feps Delay g <. W8
= \‘ A7
LEMO A
B Diff.

@17 ECL <

Front

Panel
10-84 vDU -1 CHANNEL BLOCK DIAGRAM 494181

vDU-1 Channel Block Diagram

U22, 24 are ECL line drivers that condition the output signal
to the desired levels. U23 and U25 are ECL monostables that
generate the fixed 500 ns output pulse width and Q4, Q5 and
Q6, Q7 are discrete transistors that generate the +5 V amplitude
of this 500 ns pulse. Ul, U2 are latches that hold the requested
delay that is on the CAMAC write lines. U7, U8 are PROMs that
are programmed to get the optimum incremental delay response.
U3, U4, U5 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 driver. U13 is the “n” light driver.
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The VDU module is a single width CAMAC module. Figure 6

is a photo of the module.

Fig. 6. VDU Module

The CAMAC commands utilized for this module are as
follows:
CAMAC CODES

e Power On, FOsAX#52, Z+S2 will disable all outputs and

clear all channels.

FO AO/A1 : Read the contents of the delay register. Q=1
implies that the auxiliary backplane is selected AND
channel (0/1) is enabled.

F1 AO/A1 : Read the contents of the delay register. Q=1
implies that the front panel is selected AND channel (0-1)
is enabled.

F10 AG/A1 : Disable channel (0/1).

F16 AO/Al : WRITE W1-W7 into channel O or 1, in
straight binary. This command also selects the auxiliary
backplane, and enables the output.

F17 AO/A1 : Same as F16 A(0/1) except that the inputs
are selected from the front panel.

F25 A0/A1 : Enable channel (0/1). Enable rear panel
input.

F26 A0O/Al : Enable channel (0/1). Enable front panel
input.

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



