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FRETA Laboratory in Uppsala, Sweden, supports development of accelerator technology and instrumentation.
Superconducting RF cavity tests are planned at 352, 400, and 704 MHz using pulsed RF sources up to about 1 MW.
Problem: Monitor the electromagnetic field in the experimental hall for personal safety.

Goals for an RF leakage detector system:

* Low cost

»  Small footprint -> 60x100x40 mm

» Easy installation -> Wireless readout

» Low power consumption <-> Battery operation
« Integration with EPICS

Features:

i oreeero Main parameters:
Lo » 3 independent RF measurement channels per node
*  Frequency span: 100 kHz to 1 GHz, unfiltered
* Filtered: E.g. 334 to 360 MHz, independent channels
» Dynamic Range: -20 to +14 dBm
« Sample Rate: up to 2 kHz (adjustable)
i . » Direct Shottky based detectors
* Physically identical multiple nodes 3 bunkers win * Pulsed signal operation, minimum 0.5 ms (adjustable)
» One configured as master, the others as slaves eapnen fomeneieyess . Power: 3xAAA, USB or 24V External
» OLED Display - Average power (Slave) : 123 to 515 pA
» Acoustic Alarm Signal » 0.3 to 1.1 year battery life (Slave)

« RS232 & USB Interface to Master * Wireless Link at 868 MHz ISM band
* Master controlled by EPICS StreamDevice using * Range: 100m (Realistic Estimate)
RS232 to Ethernet MOXA NPort 5610 server » Data Rate: 0.01 to 10 Hz (adjustable)

cryogenics control room
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Bill of Material (BOM) - Single Component Purchase (in €)

Components
Lumped Elements

Regulator REG71050DDCT
SWS001
Op-Amp L78LO5ABUTR
uC PIC24F16KA102-1/ML .
LDO 24V MCP6001UT-1/OT One of the objec’rlves:
Crystal QC32
Transceiver MRF89XAT-I/MQ keep The COST IOW'
FTDI FT230XS
RS232 ST3232BDR

RFM (3 pcs) LTCS507ES6PBF Estimated prototype cost:
SMA Connector (4 pcs) SMA JACK R/A 50 OHM PCB

RFM LTC5507ES6PBF ~70 € per' plece
USB Connector MINI-USB-32005-201

‘ - Sub Total:

. \ :
\
A\ © /7 232 - NG 1A Sl ' PR > g Other
\ ﬂ A ¥ ) p - > ${ ~ -~ > " e ' 2 'j 2 N, q _ -
‘ Ethernet SUS : e AR Display ~ SSD1306-OLED White Ebay
= ‘ N, Y L OTSSUIEES xS Casing Farnell
. sl T : E S SN
e N 1 8 i : e S Antenna Farnell

i PCB (Per piece if order total 10 boards) Cogra

o , ! N ) S NN Sub Total:
N 3 P 3 A8 : T

N . = —

N ' o Wi S|

B ‘ P+ i & 3

.

Battery life estimation and optimization

Power Consumption Total Power Consumption Life-Span Improvements Discharge Profile

Constant Current Discharge

V-Regulator: REG710-3.3 REGTOSREGT o5 sampling rate: 2000 kHz (0.5ms pulses min) * Using a LDO instead of a switched regulator

o= 65pA N T FEGTI085 | | etectors = 65+(48.6+243+68)/0.7 = 579 pA . o i i ImA === 10mA
Efficiency: assume moderate 70% — o1 berecer = 65+(48.6+91424)/0.7 = 299 pA gives about 70 % efficiency running of same
; ,

Micro-controller Software Offnsave moe arwiedl £ 00| NN ||| T [ e vt o038y = 39 SARA stack

lg=0mA £ NS 1ot 1 petector = 65+(48.6+53+13)/0.7 = 228 pA * Microchip MCP1700 has similar sized

uss REG710-2.7 ™\ ™~ | | Sampling rate: 500 Hz (2.0 ms pulses min) footprint (SOT-23) and 1/3 price
TX Join Req Reply . ~
!|!Ves 16 20 25 30 35 40 45 50 55| by perector =65+(19.2+53+13)/0.7 = 187 pA * Quiscent Current of MCP1700 ~1.6 HA
™M
Iot,3 Detectors = 1.6 +(48.6+243+68)/0.7 = 515 pA 11%

ve Off (self-powered) TX freq: 0.2 Hz .
?
N Display Vi (V)
[} .
cter No Il\lo_rrgall/\-/\ Off (hardwired) Capacity (mAh)
Found? Siesp nable Sampli =fm Improvement of 1.6 pA quiscent current Improvement
Yes Running: 200 kbps, 1Hz TX, 20 Byte Packages ~ Running: 4 MIPS (internal RC) Off (self-powered) ot 1 petector = 1.6 +(48.6+91+24)/0.7 = 235 pA 21%
e ——— isplay? —ﬁ Update Display Package overhead 12 Byte ADC sample time: ~40 ps Sampling rate: 2000 kHz i
roadcast . N "
RX for 200 ms every 60 seconds Sampling 3 channels at 2 kHz Sampling time: 20 ps sampling Rate: 1000 kHz (1.0ms Pulses Min)
No . eset? TX time = (20*8)/200e3 = 0.8 ms Total sampling time = 40*3*2000 = 240 ms lq =550 pA 1013 betectors = 1.6 +(48.6+129435)/0.7 = 305 pA 17%
M

i TX Reply fi REG710-2.5
Set ID/Channel lg=0mA Itot,3 Detectors = 65+(19.2+129+35)/0.7 = 327 pA
) . . i Sampling Rate: 2000 kHz (0.5ms Pulses Min)
Transceiver: MRF89XA Micro-Controller: Microchip 16-bit 24F16KA102 RF-Detector : LTC5507
TX start-up time = 1.5 ms lq, steep = 2 KA I7ot1 petector = 1.6 +(48.6+53+13)/0.7 = 165 pA 28% New Estimated Lifespan (Slave): 0.3 to 1.1 year

vee g = 950 pA g ave, 3 petectors = 550*20e-6¥3%2e3 = 66
aster? T Ity = 16 mA lgjeep = 15 HA HA Sampling Rate: 500 Hz (2.0 ms Pulses Min)
" 'ower
al in| . ri
imi

Irx Average = 16%2.3€-3=36.8 pA lo,Ave, 1 Detector = 550%20e-6%2e3 =22 pA TX Freq: 0.2 Hz
loave, 3 petectors = 950 * 120e-3 = 228 pA 1ot petectors = 1-6+(19.2+129+35)/0.7 = 263 pA
lg,steep = 0-1 LA I avg, 1 Detector = 950 * 120e-3 = 76 pA Hot,3 Detectors =66+2 =68 pA Irot 1 petector = 1.6 +(19.2+53+13)/0.7 = 123 pA
Mot, 1 Detector =22+42=24 YA

lrx = 3.5 mA Mot 3 petectors =228+15 =243 pA
Irx average = 3-56-3%3.3e-3 = 11.7 pA Iot,1 Detector = 76+15 =91 pA

Irgxroral = 36.8 + 0.1+ 11.7 = 48.6 pA

Estimated Lifespan (Slave): 0.27 to 0.8 year

Program flow-diagram: slave mode

Integration with Epics

Terminator = LF;

Extralnput=Ignore;

File Edit Search C5-5tudic Window Help getld {

out "R nid";

in "R nid %d";

@init { out "R nid"; in "R nid %d"; }

C5-5Studio - | &

DEis D AE R M@ | =

B® Alarm Area Panel £ = B8 v LLrf-2-SM-directSP-Sep-2017.| i rf-leak-det-top.opi &8 @ @ |100% v |4
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1 2 3 | 4 | [ [ | T 3 - RF Power Plant | Overview | Set—up| Alarm levels set-up ! ietld {
Battery Miscellaneous Communication — " FREIA RF leakage detectors alarms setup out "W nid %d";
.L * _l_ _ \_a 5232 Driver e r——— ——g— in "W nid %d";
— I Z z Z LI .

T # IComputers and network @ll’llt { getld’ }

A T o ] [ ! }
e Warning Alarm Warning Alarm ‘Warning Alarm tC nfB f {
H ili [ = = % Navigator | &= Alarm Tree = B RF1 Average: [ dem [+ dm RF2 Average: f& dem [+ dm RF3 Average: [& dem [+ dim getlo u
:I— RF1 Peak: b dem 10 dEm RFZ Peak: b dem 10 dlBm RF3 Peak: b e 10 dBEm out "R \$ 1 ";
N L @ & = ' | AN 0 ",
& = e L5 LB B2 in "R 81 %d";
| — | &A _— Warning Alarm Warning Alarm Warning Alarm @lnlt { Out "R \$1", m "R \$1 %d"; }
_';,.fgﬂage Regulator . . o rea: Environment RF1 Average: & dBm P RFZ Average: & dBm 1 dEen RF3 Average: F{, dBm 4 cdlEn
astenSlave Feset Pizplay Enh |ndicatar Puzzer — e T o et erprew (T e [P }

=
Eno | - :
Battery Measurement Flﬁ ek LU setConfBuf {
M IcrO_CO ntl'0| Ier + @ System: Radiation safety : - : - : - out "W \$1 %d";

+ T T T T T B -| & System: RF leakage verage: a a verage: a a veraqe: a a in "W \$1 %d";
HEB-UART ® PV: Env-RFleakage:RFdet-0:RFAVG 1 £ Alarm Table [freia] 22 | v ! = F ¥ T = O @il’lit { getCOﬂfBUf; }
* @ PV: Env-RFleakage:RFdet-0:RFAVG 2 }
Current Alarms (0) Select K getCalibrFreq {

| @ PV: Env-RFleakage:RFdet-0:RFAVG3 " "
u ; - - e S PV v  Description Alarm Time Current Severity Current Sta out "R Sf\$1 >
. : - : -1 1
— _ S e in "R sf\$1 %d";
[ PV: Env-RFleakage RFdet-1:RFAVG 2 Ty " (L[] 0/ AN.
RF Detectors Y - = Leles]en| @init { out "R sA$1"; in "R sAS1 %d"; }
- — — - —= T PV: Env-RFleakage:RFdet-1:RFAVG3 }
T — = i -
C - Ce . 4 C @ PV: Env-RFleakage:RFdet-0:RFPEAK 1 setCalibrFreq {
t = I Acknowledged Alarms (4) t"W sf\$1 %d";
i L — ] I = = @ PV: Env-RFleakage:RF det-0:RFPEAK 2 ou § od”,
| = 5 [z L E— PV v  Description Alarm Time Current Severity Current St n" 1 %d":
. = | @ PV: Env-RFleakage:RFdet-0:RFPEAK3 Wsh\$ A)d i .
= — EN # HPRF-Esys:Ampl:sComStat HPRF-Esys:Ampl:sComStat 2017/09/22 13:48:58.306 INVALID LINK_ALAR @ll’llt { getCahbrFreq; }

PV: Env-RFleakage:RFdet-1:RFFEAK1
— — i & i Ctrl-freiaSrvl:disk-root:dskPercent | Ctrl-freiaSrvl:disk-root:dskPercent | 2017/09/22 13:48:54.043 : MINGR  HIGH_ALA }
: = - e i :
T PV: Env-RFleakage:RFdet-1:RFPEAK 2 : T — setAllowAllNodes {

out "W aan %d";

B ' konrad .
t_ﬂ: ; : . in "W aan %d";
D =2 \Wireless Communication Display D ) @init { getAan; }
. Control System Studio - Alarms !
3_‘—1—-1—]— —— | getConnNodes { separator =" ";
Em . out "R rci";
| T T — | | FREIA RF Leakage Detectors Network FREIA RF Leakage Detectors Network in "R rci %d";
b " b | " 1 0 ",
i L J_f J Overview‘ Set—up|Alarm levels set—up‘ Overview ‘Set—up“Alarm levels set—up‘ @lnlt { out "R rei > 1N R rei %d ’ }
| — FEa —
1+ ] RF Leakage Detector Setup & Test }
- i —= | e | Modeads [ 1 FREIA RF Leakage detectors getAllowedNodes { separator =" ";
c — = 501306 OLED . Pl S e et (G 100 MHz 352 MHz 704 MHz out "R ani";
_*Ii =y -L E Env-RFleakage:RFdata Env-RFleakage:Config : nR : O/dn,
T T E= I, T - 7 :Z::igz jg.g ro-Ausm X ) :2:::;: i RF1 Aver?ge: -20 dBm RF2 Aver?ge: -20 dBm RF3 AVEF?QE: -20 dBm Battery: 0.1V @lnlt { Out "R anlu; in uR ani %d"; }
I L [ITI-FEs =] RF1 Peak: -20 dBm RF2 Peak: 20 dém RF3 Peak: -20 dBm lalarms [OFFN
b— B89 D95 51 Env-RF leakage:Nodes-sAllowed:sID Node 1 - Channel 1 Node 1 - Channel 2 Node 1 - Channel 3 }
- nv-RFleakage:Nodes-sAllowed:sIL] ode 1 - Channel ode 1 - Channel ode 1 - Channel —nmn,
] . - | . I - I - . | Sheet. 1;81 Sampling Rate [L00 Hz S ﬁ:mdesoﬁ [ Dissbled  : [Holzo 2 e e Wy we— ey ey — ey [T getRFdata { separator ;
Tx Period  [L.Os 00s Remove Nodes o oo o RF1 Peak: pen 1| RF2 Peak: fen | [RF3 Peak: pem || jarms [COREA| out "R rsd \$1";
E l eCTf'iCGI d iCl r‘am e — o __RebootNoce | Node 2 - Channel 1 Node 2 - Channel 2 Node 2 - Channel 3 in "R rsd \$1: %d";
9 AvgAlarm-1 [0 dBm odem Reset Alarms & Data . RF2 Average: RF3 Average: }
AmplCalibr-1 |0 dB OdEm . - ) o I_] .
mplCalibr m S Reset A st RF2 Peak: beem | [RF3 Peak: ben 1| arms ## Write Only commands
sk a2 dim — . 2:::1::"3::?:;3 Env RF leakage RFdet 0 Node 3 - Channel 1 Node 3 - Channel 2 Node 3 - Channel 3 applyConﬁgBuf {
1 —l-—- o_ol I- "'% & AvaaiarmpZaglo dom odten has been transmitte d RFL1 Average: RF2 Average: RF3 Average: t "W ".
/ | ﬂf% A pLERUDEZY 0 dBm oden ¥ MIAll nodes allowed NO_ALRM RF1 Peak: pen || [rFz Peak: pam || |RF3 Peak: fEm || |awrms TOREE ou acs’;
__] AN ",
= <>'= o—o (k )) L*_JJ-'-. ) PeakAlarm-3 |0 dBm 0dem CalibrFreg-1 [100 MHz 100 MHz asynRec @  Synchronizing slaves m W acs N
e ] I]‘ - r ‘//;: AvgAlarm-3 [0 dBm 0dém CalibrFreq-2 352 MHz 352 MHz Using R5-232 port }
:5 4 L . @ Resetting alarms
oe - I[m'_/_\ﬁ] f@’ Jf‘—i AmplCalibr-3 [0 dBm 0dem CalibrFreq-3 [704 MHz 704 MHz " Vo iy gk reset {
44 ] Il !}—_-... Jl_u - Apply Configuration Save Config in Flash @ ~ [melrm s out "W rst"'
m rT =-|—€) @ Master mods 5
v T All nodes allowed in HW rst".
Rrsd0:-20-20-20-20-20-20001 il ?
4
) . Control System Studio - OPT screens
52 mm

StreamDevice Protocol file
(excerpt)

PCB and other components
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