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Rigid synchronization: what for?
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Constant Field
Measurements

(Rotating coil as example)
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» 20ms/point (50 Hz AC-line synchronization);
e 3s/turn;

*+3-10> rad.
results in £15us synchronization requirement

angular position uncertainty

Multimode digital integrators with rigid triggering
A.Batrakov, A.Pavlenko, P.Vagin

IMMW 18
June 3-7, 2013



Rigid synchronization: what for? S
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Wide range of magnetic measurements
requires integration providing quite hard
synchronization with measuring process
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Direct Digital Integration Method ‘k

b ADC _®_1megra1 BINP, Russia
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If Topc = 2 M, the worst case relative error of integral is:

T | 10pus 100us 1ms 10 ms 100ms
16% 1.6% 1.6:10°3 1.6-10% 1.6-10°
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Digital Integration Method with jdt/|
Rigid Triggering N\
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Digital Integration Method with Ko
jj|

Rigid Triggering
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LP filter Uy (t) = Up(1 — 6_%)
+ 1 to
R éC Ui(to) = Upg(1 — e RC)
g _(t—to) _to _(t-to)
Uy(t) = Uy(tp)e RC =Uy(1—e RC)e RC
" to 0
o™ o Jr U, (t)dt = Uyty — UgRC(1 — e RY)
0
U1(t) roo to
Ua(t) | U,(t)dt = UyRC(1 — e RC)

to

= _
0 1 ) U(t)dt = Uyt,

Low pass filter with unity transfer function at zero frequency
do not change voltage integral value
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Digital Integration Method with Ko
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 Rigid triggering is determined by the fast switch and a few nanosecond
synchronization errors could be achieved.
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Rigid Triggering N\

PGA

|

——

L

BINP, Russia
Memory
LP filter /
—H_} - —_— ADC Integral
~ |

I

| Acquired

| ¢ Integral

Integration Interval |

 Rigid triggering is determined by the fast switch and a few nanosecond
synchronization errors could be achieved.

* Wide bandwidth is required only for input PGA.
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Digital Integration Method with Ko
Rigid Triggering N\
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 Rigid triggering is determined by the fast switch and a few nanosecond

synchronization errors could be achieved.

* Wide bandwidth is required only for input PGA.

* The rest part of the device works with narrowband signal and can be
made low noise and high precision.
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Interleaving Time Operation Mode N

h . : : h rigid tri . \
to reach continuous integration with rigid triggering BINP, Russia
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VsDC2 and VsDC3 Digital Integrators N

VsDC — Volt-second to Digital Converter
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VsDCs main parameters N
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Offset error +1 uv
Gain error 5 ppm
Nonlinearity +20 ppm
Integration interval uncertainty 2 ns
Noise of integral vs Time:
" VsDC3 Noise of Integral
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VsDCs parameters N4
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VsDC2 and VsDC3 Features

VsDC3 VsDC2
(VME version) (CAN version)

# channels 2 2

Ihoara e +0.2V; £2V program | £0.2V; £0.5V; £1V;
pu 8 selectable +2V; £5V; £10V
Built in ADC
312.5kSPS

Sample Rate

Built in ADC
: 24bit
Resolution
From factor 6U 4HP Eurocard 3U 4HP Eurocard
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Main features:
 Compensation is used
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Main features:
 Compensation is used
* Non-stop rotation and data processing on the fly: 20ms/point
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Main features:
 Compensation is used
* Non-stop rotation and data processing on the fly: 20ms/point
* All lens parameters at 6 second
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Deta I IS at . Proceedings of RUPAC2012, Saintl-IPetersburg, Russia WEPPC022

STAND FOR PRECISE MEASUREMENTS OF MAGNETIC LENSES FIELD
QUALITY*
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NSLS-1l Quadruple lens ~
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R ~ Residual signal (after
2005 + compensation of the 1st and 2nd
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Noise performance of integrators is the key specification!
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NSLS-1l 3GeV Booster Injection/Extraction
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Pulsed Magnets Measurement System N\
BINP, Russia
Injection and Extraction Magnets Overview
Inj. Septum Ext. Septum Bump
Buao T 0.11 0.8 0.5
T to max. field 50 us 75 us 800 ps
Current, kA 2.7 10.2 1.5
Sensor wS, m? 3.34-103 3.66-103 4.85-102
St_ablllty 10 5.104 5.10-4
requirements
Ryormws © 2*402 2*1k8 2*1k5
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. *1 | Digital Integrator
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I
i Induction er-:::rm | % ' —e
. . | f y
| coil wuh_ XX | | G
| electrostatic : | = o
i shield | ——a
| e ee— ‘| —H |
I
I o ]
Multimode digital integrators with rigid triggering IMMW 18

June 3-7, 2013



NSLS-1l 3GeV Booster Injection/Extraction \b/
Pulsed Magnets Measurement System TN
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Measuring electronics at NSLS-Il Booster service area
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NSLS-1l 3GeV Booster Injection/Extraction E\N/|
Pulsed Magnets Measurement System N
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BR-XS-Bumps Engineering Screen
s || wmldb[z[alafe k]| o] @
Field Readings
0.478655
0.4786
CURRENT
0.47855
- I ettt TV ™
. 0.4785 | '
§0.47ea5
. BUMP field stability. Scale 104/div
Pulsed field noise ~10uT
0.47835
R
0.478282
12:22:20.188 12:48:00.000 13:12:00.000 13:36:00.000 14:00:00.000 14:34:
*Field stability fits into requirements
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Resume:

The report describes two models of digital integrators,
intended for magnetic measurements with the relative
accuracy close to 10. One of the main features of these
devices is rigid synchronization with external timing pulses,
allowing determining the moment of integral
measurements with nanosecond accuracy. As a result
these integrators provide high accuracy both for the pulsed
measurements and for the constant magnetic field
measurements using movable coils also.
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