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Stefan Ritt :: Muon Physics :: Paul Scherrer Institute

The WaveDAQ system:
Picosecond measurements with 10’000 channels

Workshop on pico-second photon sensors, Kansas City, Sept. 2016



=(zI7}» DRS4 Chip

0.2-2 ns

Inverter “Domino” ring chain

IN
T = = C—_— = N — N — ~— Storage
T T T T T T T T | capacitors
Out
FADC
Clock O— Shift Register 33 MHz

-Switched Capacitor Array (Analog Memory) developed at PSI

-5 GSPS / 11.5 bits SNR, 9 channels on 5 mm x 5 mm chip, 40 mW / chn.
-Used at ~200 locations worldwide

-2011, 2014 Clermont-Ferrand: *DRS4 Chip, Timing Calibration”

-Pile-up rejection O(~10 ns)
-Time measurement O(10 ps)
-Charge measurement O(0.1%)
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(== MEG & MEG I

MEG Experiment 1999-2013

-

- Separated DAQ & Trigger Trigger 2

- 3000 Channels DRS4 = 2
(0.8 GSPS / 1.6 GSPS) it g |2

- 1000 Channels Trigger S
(100 MSPS) L

- 5 Racks DAQ

MEG Il Experiment 2014-
- 9000 Channels

- Same rack space
- Avoid dead space between boards
- Combine DAQ & Trigger
i : "SiPVT,
Integrate high voltage
- Timing requirement
- O(10 ps) between any two channels
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= Crate Options
_--

Transfer speed O(100 MB/s)
Dual-Star Topology with Gbit links

Shelf management

Fast trigger distribution
Low-jitter precision clock O(ps)
200 V SiPM biasing

X X X X X X
< X X X <
SESENRNE SRS

< 2000 USSper crate including power
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BS Custom Design

« Standard 19" crate + custom backplane
* |[dea: Not only a solution for MEG I,
but more general “crate standard”
» Take the best ideas on the market and combine them
—Single 24 V backplane power
— Serial gigabit links
— Serial bus for configuration
— Hot-swap functionality
— Shelf management (but simpler!) with Ethernet interface

— Power, Temperature, Fans control, board management
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BS New ldeas

« Power supply on the side
. no “dead” space on top and bottom
« Cooling from back to front

 Trigger / busy logic through
backplane (— next slide)

00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000

00000000 00000000
00000000 00000000
00000000 00000000
00000000 00000000

o — ]

« Dual star topology for
trigger & DAQ in parallel

2 5
- Low skew clock (few ps)
for high precision timing ¢ £

» Firmware download through

1T i gl
backplane via shelf management el el el

» High voltage power supply
through backplane (200 V)
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F=J= Traditional frigger & clock distribution
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5 WaveDAQ System

SPI & MSCB
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Data Concentrator Board (DCB) - Power cycle each slot
) - FPGA Firmware upload
Trigger Concentrator Board (TCB) - Local confrol via buttons

Ethernet remote control
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BS Half Height Backplane
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= Pin Assignment

Data Concentrator Board (DCB) Trigger Concentrator Board (TCB)
S aKos 8 SERDES connecions o cach WaveOREAN board
LSK_CLK 1/14 @ A 8 <
LSk LK 2/13 SERDES WDO/15
LSK_CLK 3/12 SERDES WDO/15
LSK_CLK 4/11 SERDES WDO/15
L8 cxs/10 ) [ 015 00 ¢ | SERDES WDO/15
LSK_CLK6/9 |_soiosn | m- . sotapsp | soiipsn | |_so14 b6 ] seroes woi/1a
LSKCLK7/8 [ sotckp | 7 SERDES WD1/14
SERDES WD1/14
SERDES WD1/14
PoweR
TRIGGER L3 L
SPI/MSCE SD2 D6 N SERDES WD2/13
SERDES WD6/9 V), sois akp | SERDES WD2/13
seRoEs o?/8 Coin SeRDES Wo2/13
SELECT/LSKTCB i, SERDES WD2/13
SEDES TCB A SERDES WD3/12
conTROL W 7, v | SeRDES W03/12
| so3van  VRZZE: 2 ¢ | 5012 b2 ] seroes wos/12
7T SD13.03_p X SERDES WD3/12
SERDES WDS/10
SERDES WD4/11
SERDES WD3/12 SERDES WD4/11
SERDES WD2/13 SERDES WD4/11
SERDES WD1/14 SERDES WD4/11
SERDES WDO/15 SERDES WD4/11
SELECT SERDES WD5/10
SELECT. SERDES WD5/10
X SERDES WDS/10
X SERDES WD5/10
rowes rowen
TRIGGER/CLK TRIGGER/CLK
SPI/MSCB
to1cs
to1ce
|_soxpap | socoan | topce SERDES DCB
GND. CONTROL CONTROL
m SERDES_ 27 not connected at backplane, possible use in future extensions ° ] I
mm [ sorver T so7ven | Gmx aND SERDES WDI7/8
Lvos. m //////A%’///// m NI |_sospip | soapen | SERDES WD7/8
wos. unconnected at backplane ND _ ? sosoip [ sospin_| SERDES WD?/8
LT GND -msm- SERDES WD7/8
| soepsp | soepsn | Gﬂ SERDES WDE/9
SERDES WD6/9
SERDES WD6/9
SERDES WD6/9

[
POWER_ON 51
POWER_ON_54
POWER_ON 57
POWER_ON_53.
POWER_ON 311

JSELECTTCB |
pseecri0 |
GND JSELECT13
PLUGIN 50
55| PLUGIN 53
D PLUGIN S6
LG PLUGIN TCB
PLUGIN 510
GiD PLuGNS1s | ALUGISI | plUGINS1D
w3 Wz W1 o

7 Sept. 2016 Picosecond Workshop Kansas City Page 10/43



PAUL SCHERRER INSTITUT

S

WaveDREAM Board (WDB)

Y
NN/ ReB

Atten.
(optional)

Atten.

(optional)

voltage

timing

calibration

calibration

DAC

previous channel
1

Splitter

PRRPE—

Splitter

Drs4 based REAdout Module

17 Sept. 2016

Trigger

Trigger

RJ45

DCin
24V

24V

power on

BUS CLK

Picosecond Workshop Kansas City
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LR e e et
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(== Preamp

Tre1 ~val dB Mag 10dB/ RefOdB Cal 1
Mem2[Trc1] 24l dB Mag 10dB/ RefOdB Invisible
521 1 88385944 MHz|| 20.p74 48
— 40
— 30
R M 1 940  0.37
— 20
L, \ 10 880 0.40
| \ 100 300 1.2
~-10 1\ 100 500 1.7
\,
22 Wy | 100 800 3.3
— -30
— -40
1E6 1E7 1E8 1E9
Ch1 Center 3.00005 GHz Pwr -20 dBm Span 5.9999 GHz Differen’r compensoTions
LTC6409

LMH6629 : LMH6629

Atten.
(optional)

3.3 mV at output =
33 uV at input

PE4215 ADG?04 PE4215
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(== WaveDREAM2 HV

tran 0 10m 0

DC—O 5V
Microblaze @

! __|_ Spartan

Micro

PLLSECS 00 400 40n 0.5 Yt}

R P Y | SPI1 Controller |gp
: I Opto
) Couplers SPI
!
U UdJ
T
|
|
+1..485V I |cockroft
; Walton DAC —
|
X
=]
0.002
0.001 A
s +/- 1mV
5 0.000
&
-0.001 R|pp|e < 10 H,V
-0.002 + - - | .
o 20 40 BO B0 100

Measured Voltage [V]
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maxim
integrated.

DESCRIPTION

The DS18B20 digital thermometer provides 9-bit
to 12-bit Celsius temperature measurements and
has an alarm function with nonvolatile user-
programmable upper and lower trigger points.
The DS18B20 communicates over a 1-Wire bus
that by definition requires only one data line (and
ground) for communication with a central
microprocessor. It has an operating temperature
range of -55°C to +125°C and is accurate to
+0.5°C over the range of -10°C to +85°C. In
addition, the DSI8B20 can derive power directly
from the data line (“parasite power”), eliminating
the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code,
which allows multiple DS18B20s to function on
the same 1-Wire bus. Thus, it is simple to use one
microprocessor  to  control many DS18B20s
distributed over a large area. Applications that
can benefit from this feature include HVAC
environmental controls, temperature monitoring
systems  inside buildings, equipment, or
machinery, and process monitoring and control
systems.

FEATURES

= Unique I-Wire® Interface Requires Only One
Port Pin for Communication

= Each Device has a Unique 64-Bit Serial Code

DS18B20
Programmable Resolution
1-Wire Digital Thermometer

= User-Definable Nonvolatile (NV) Alarm
Settings

= Alarm Search Command Identifies and
Addresses Devices Whose Temperature is
Outside Programmed Limits (Temperature
Alarm Condition)

= Available in 8-Pin SO (150 mils), 8-Pin uSOP,
and 3-Pin TO-92 Packages

*  Software Compatible with the DS1822

= Applications Include Thermostatic Controls,
Industrial Systems, Consumer Products,
Thermometers, or Any Thermally Sensitive
System

PIN CONFIGURATIONS

N.C.
NG
VUU
paQ
SO (150 mils)
(DS18B202)

only one coaxial cable

Temperature Sensor Extension

Veue (O Rpyp
1-Wire LINE
1-Wire Driver - * |
Master
t ) | Slave#t | | Slave#2 | | Slave #N |
| 9 |
. i
Vay
47k PAM&%LWWER | —> Msmogglgumol_ DS18B20
- . N
DQ 1

Automatic HV adjustments with
temperature changes

17 Sept. 2016

INTERNAL Voo

SUPPLY

64-BIT ROM
AND

1-Wire PORT

SENSE

SCRATCHPAD

}

TEMPERATURE SENSOR
ALARM HIGH TRIGGER (T)
REGISTER (EEPROM
ALARM LOW TRIGGER (T.)
REGISTER (EEPROM)
CONFIGURATION REGISTER
EEPROM

8-BIT CRC GENERATOR

Picosecond Workshop Kansas City
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== Trigger Concenfrator Board (TCB)

. w
]
o
AnLy i
) o
'
o )
’ ~
v ol
'

Crate local trigger

_;

ey
'] _nmm'.u
< | -
o 1%

..........

i,

4 IbQI rigg - ' Receives serial links (SERDES)
: | from WD boards
‘ KINTEX 7 Computes crate local tfrigger
o Send trigger via serial links to

global trigger in dedicated
crate

FCI Densishield cables

g .
H :
- L
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= Ancillary system

« Contains master clock
« Distribute clock

(itter < 12 ps measured)
« Distribute trigger
« 4 diff. pairs for

TOANNNRRNRRNNNNNINNg F]

« Clock
« Trigger
 Busy
* (Sync)
10 ns
>
Clock 100 MHz
Trigger | 1 | 0 | 1 1/;/| 0
& 16 bits;200 ns
Busy Digitization and Readout
optional: Error |1_| 0 0 |1_| 0 IT'
Spare (Sync) [ [
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5 DAQ Concentrator Board (DCB)

RESERE SPI

» Receive Gbit links from WDB .
» Use SERDES instead GTX (lower
latency)
 Waveform preprocessing in Zynqg
CPU
« Output via Gbit Ethernet (10 Ghbit el
optional)
* Board under design
» Tests with Zed-Board and Raas

MISC
SPIMSCB
) SLAVE SELECT
SERDES
POWER

“Backplane Simulator”
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—e

(2]

SPI configuration

7 38 14 15

A A /\ ) A
l“ l' ..MOSI [ MISO / SCL.K.._l" l‘. l"
SSx
DCB TCB CMB
= B

10 GBit Ethernet

SPI SS

SCLK B SCLK
SFI MOSI # MOSI
Master ILESD 4 ESD
55 # 55
17 Sept. 2016

Slave
SCLK

LSB MSB
mMosl R/ 31|30 |20 |28 |27 |26 |25 |24 | |2 |2 |o
‘w AB|AS|A4|AS|AZIALIAD| 31 30|20 |28 |27 |26 |25 |24 | |2 |1 |o
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(= Ghbit links for DAQ & Trigger

0) 1 7/ 8 14 15
Y A A\ A A A I Y A Y A Y
FYYVYVYY IVYYVVYY
3 x GBit
~ 8xGBit DCB TCB CMB
10 GBit Ethernet l
Event Builder PC Global Trigger
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=)= Trigger Bus & HV

Trigger High

Sync Voltage

Bu
SY DCB TCB CMB

T

Global Trigger
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(== Clock Distribution

14

15

Low skew clock

17 Sept. 2016

DCB TCB

o

Clock Receiver

Picosecond Workshop Kansas City

CMB
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SPI Flash Access Select

S

DRS4 Wave DREAM Board | FPGA Configuration PSI WHGA/43
- BUFRR _nﬁ®>
SPIMCS| V $PI 0S|
—0 M0 I ——
1t RESET
T
P CLK V SPICLK SPIMIfo
—
V\ T
V BOARD SELECT
v\ FLASHSELECT
1
, 0
CoLK ¥ S D
H, HS, ek —_ S0
@ mo | FPGA 1503 SPi T
Config Flash
g o ] — it R
U e PROG D— 00
FLASH SELECT
J@ T L' JL
BOARDIELECT N\ Ll 8
! AF W%_Z_mo
Il Resel
T — T Ig iy
1 190ms
HU32 ORS4_WDB_FPGA_Config_7_Neu 1209.2016
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SPI Flash connected to FPGA

S

DRS4 Wave DREAM Board | FPGA Configuration PSI WHGA/43

- BUFFER _nﬁ®>
SPIMOS! V SPI WOS 1T
— MISO EN
w RESET
T
SPI CLK V%_O; SISO
—{
V\_%
V BOARD SELECT
v\ FLASHSELELT
v
S y
s
I_I_IL
0oLk iy _ e _ ol
H, TH, ToK Misa 2
e .00 _ut Misa 3 m_u_ T
Conjg Flash
U o 050 B—— 10 o
o PROG DN 00
FLASH SELECT ) j ._._.xﬁ,
BOARDISELECT ) N\ L) r -
I ﬁ\; SPIMISO
i el
|_|_| Reset
T F— T U Ig 1T
1 190ms

HU3? DRS4 WOB_FPGA_Canig 7 Neu 12002016
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SPI Flash connected to backplane

S

DRS4 Wave DREAM Board | FPGA Configuration
- BUFFER _nﬁ®>
SPIMOS] V SPIMOS!
0 MISO EN |
w RESET F
T
SPICLK V%_O; SPIISO
Jamm!
V\_%
V BOARD SE -
v\ FLASH SELEET
v
NI~
T Nin:
, _||_
1
o wosl —! | ] o J
H, TH, TCK / MS0 2
@ LA B u®> S0 3 mﬁ_
Config Flash
g . 050 B— i NOR
L) ROG DI 00
FLASHSELECT 3 =
on/ r ')
BOARDELECT) ¥ -
)
A
o ? Reset /
R
T F— T iy
1 190ms
HU32 DRS4 WOB FPGA Config 7 Neu

PSIWHGA43

Il

SPIMISO

12.09.2016
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o H» WaveDAQ Clock Distribution

WD WD WD WD E
DCB ' — | _l ‘

master ! Crate
clock [=

FCI Densishield Cable

|
. 3
(©] (©] © @ (@] © () © (@] © Q (6] o © @ © o © @ o'F

:ﬁ? BSH  MISS.SHEL JSEUH
ansi H0W

(3 - gl
-
58

B 1 H . A A . b w | Cedt “l ‘e H . N 5 N o T8
SO0 o ] S200: 003 [ease I L) 0000000000¢ | [ S00SSS ) GMSOGOQDOOG ] e ] (g -
sssdbadse: S350 | conaseoceces | | oocoiasonse | oo ooe Sasdn cooooeel| [Gaodbescoces z
----- P300S aca Lol o 2P0 P o098 aw £l & 350088 220G O00830 2384
i acooons | | Sibitacsases | | hEvasscoss | | SEEbTacesoss Gouopo00000 | | 536500000000 | | GS0G00000000
UQBOUUU“GGD OWUUWSUUBO QEUU RIS EE V09900099000 UU ! UB =31 290 e r
530530650 | | edbacansoros| So0s50080 an0s ooas | [Bobaccocascs | 'obscsssnsns o= = @3 : |
. L R K Teea Jaooosasssss Tesesssssehas ||| oonssosaasss )L oo5086000000 ssssssssssss | Hesssssssssss | Wesosssassess | |oscooascenas | | .
. » et e & .
AT, Z L © coe i}
siis

o o0
o aoo
o oo0

S G "
Q

&

— —_
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S

Clock skew

16
Slot Id

2016

Picosecond Workshop Kansas City

MAX9153 LVDS Repeater
(1 ps Random lJitter)

*(LVPECL INPLIT FOR MAXS154)

wos
MAX3153
MAX9154 1 1000 e
o : “Taamam
- BACKPLANE MAXSTIT
. Tx 100 . CACABLE  ——————
M AKX 10 10062 Ry
MAXS110
T —q L |
ANAXIAA
MAX9111

Random Jitter

-

Measure PLAI@VC3, .. P2:per@Iv(C3)

value -13.049 ns 409.998ns 187 ps 2.439034 MHz
mean -13.04611ns  409.99991ns  <173.11ps 2.439026MHz
min -13.060 ns 409.984ns <152ps 2438984 MHz

410.013ns <198 ps 2439075MHz
453ps <790ps 16.89 Hz
336 420 336
¢ v

max
sdev

num
status

ot

i i
P3rise(C2)  P4freq(C2) P5pkpk(C1) P6:pkpk(C4) P7:widn(C3)  P8:pkpk(C3)

21.06.2016 15:34:31
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BS Minimal System

Power-over-Ethernet

*w%mv ?
LAV LY |

RN L6262 o,

AWNRTL
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== One-crate system Trigger & DAQ

Up to 256 Channels

Detector

Gbit Ethernet 220V
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== MEG Il System

Ancillary Crate E— =— % ) TCB Crate

° . . . . . . . B . . . . . 3 . .

et
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S

Some lessons learned
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= Which is the best voltage regulator ¢

 Switching regulator (DC-DC converter)
—high efficiency
—switching noise
—not suited for analog designs

* Lin€or+regulator
—lower efficiencyt*beuns” power to redyeevoltage)
—nNo switching noise
—suited forapatog designs
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= Which is the best voltage regulator ¢

 Linear regulator shows a larger response to load transients
« Switching noise can be filtered very efficiently
» Electro Magnetic Interference getting better these days

LM2941 LTM4614
(linear) (switched)
Load Transient Response Load Transient Response
0.5 - BT N ST YT T
" Vi = 10V
3 i Cour = 22 wF TZTN
BE 0.2 T,=259
CE 0l Vo = 5V AV ILoAD
&= 0 2A/DIV = b et
8" 2 \ .1/
-0.3
& s Vour
Z -05& -’ 20mV/DIV
o - 1.0 9
v Viy =5V 20us/DIV Bk
10 0 10 20 30 40 Vour = 2.5V
IME (us) CouT = 1004F, 6.3V CERAMICS
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== Switching Regulator Noise

File Vertical Timebase Trigger Display Cursors Measure M alysis  Utilities Help zoom‘u,'(‘%"
I
I
1
I U aviue 15 [PRT F 1
- J_C%@ND G%D LTC1477CS8 [
PGOOD 470p 1 8 R89
OF VOUTIVOUT2 1k I ] 4 mv _
Es s R234 } 2
$——{ COMP GND 82R ot 2 7 = I
el =1 ¢35 GND S VINL VN2 5 I
A ST e VINS  VIN3 =
GNIGND 3 ]
el t
GND GND pwr_cmp [ - EWR_CMP 4 EN GND 51 @ ! :
wv T
u3o L3 25v pemc ] 8 N IV p—p
LTM4614EV #PBF NFE31PT222Z1E9 : : : ‘ I
Llvin vour [ &” y T
sw 2 — OR T
R1 L3 GND + C356 | C357 | C358 59 [
TRACK C30 I
4k 2 1
U FB 560u i
L2 | b UN/SS 10uF | 10uF | 10uF 4 10uF 1 .
GND 3e(C3) P4freq(C4) P5:ppkpk(C3) P6:pkpk(C4) P7:widn(C3) P8:pkpk(C3)
L4 R252 L1l GND GND GND GND JGND 1.189626 MHz 147 mv 181 mv
o ok PGOOD NFE31PT222Z1E9 1179549 MHz 13997 mV  18.572mV
- End +2 5v _op 1.140251 MHz 122mv 17.5mv
- e | o comp GND L |IN ~—OUT |3 1.218621 MHz 1.66 mV 19.6 mv
gL =1 c316 T 9.61784 kHz 923 pv 407 pv
- w— GND C354 | €355
S ST 1In €367 | c215; 1329e+3 132 132
GNIGND 470p 2 RSV_D a v
TP lmebase 0.00 ps) (Trigger
‘ND GNE GND 1.00 psidiv|Auto 600 pV|
GND GND us3o GND 50.0kS 50GSis|Edge Posity
LTM4614EV#PBF 2.5V 05.002016 11:16:34
2l viN VOUT -
R 3 SW NFE31PT222Z1E9
TRACK C291 c277
B 22u 1000 |1 |IN ~_OUT OW-
2 - —
EZ | RuN/sS GND |
GND GND 2 T, cqa p
. L1 Ll o
L2v_oK12YOK E4 | pioop ‘\\‘o*‘ '
TP10 GND .
s <10 mQ
- G COMP GND +1.2V
5:: g
GNIGND *
| ] ] FPGA + PHY EM|
GND MMoaca

Filter
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== Optimal Clock Distribution

« “Simple” low jitter oscillator is enough (e.g. ASEMPLV-100)
(ho atomic clock required!)

 Precision clock distribution ONLY point-to-point with low jitter LVDS
repeater (e.g. MAX?153), NEVER split a clock passively

« Power supply noise << 1 mV

Bl
=1
=R
o

’
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(= J=» Beam test 1 full crate
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== WaveDAQ Performance

- Trigger resolufion 10 ns (100 MHz clock)
« Trigger bandwidth 8 Gbit / s
Trigger latency <380 ns *) (2000 channels)

DAQ bandwidth 2 Gbit /s
DAQ time measurement 10 ps *)
DAQ dead time 3 - 35 us / event

MEG II: 7 x 107 /s, DAQ eff. > 95% @ 30 Hz *)

*) projected

17 Sept. 2016 Picosecond Workshop Kansas City Page 36/43



RRRRRRRRRRRRRRRRRRRR

(1 Conclusions

 WaveDAQ system has been designed to fulfill
needs of MEG |l experiment

« System has huge potential for many others
(costs: ~150 US$ / channel incl. crate, power, HV)

 Status: Crate fully working, trigger board and
WaveDREAM board successfully tested, beam test
2015, DCB under design

« 4 crate system end of 2016,
full system (35 crates) in 2017

* DRSS chip (no dead-time) planned for 2018+
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(5 Not without -

B S

My thanks go to

« Ueli Hartmann, PSI

« Luca Galli, INFN Pisa
* Elmar Schmid, PSI

+ Gerd Theidel, PSI

* Roberto Dinapoli, PSI
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=5 Extra: Visualization with HTML5

* The traditional way
— Dedicated programs (ROOT, Qt, TCL/TK, Labview, ...)
— Must be compiled for different OS
— Require certain libraries to be installed
— Limited smartphone support

Beve Ewe Camers

Reve | Files | Macros | GLViewer | NUT Projectes |
uters m |
X ARGUS - MEGAnalyzer
FEile  View
- mH| S5 o ] g
| E | A -2 Qo M rent; Sgma <5 1@
Run EIUER= | bl W W Tk i nso =
Event 725 a0f P % 7 o M5 efit | : WAVECATCHER 64CH V1.1.4
Event step 1 = e ]‘ ¥ = ! £ Ineerface Corfigurstion Bun Graph Frmuare ddvenced belp
Update period 3000 L X "ECH LB ECE B E
£ L\ ) CX L
Date(UTC) :  2007-Dec-13 =20 Sigma < 3 [12) Reve: TrackList
E MAIN | VERTICAL | HORIZONTAL/ACO |, TRIGGER
Time 14:56:44 = RenderElement
Event Type 14 C ¥ Rursalf 7 RorChadren ’ DISPLAY RUN e
LED =301 Marker Type -
[ eventorepeyzn B C PMT : 215 oo 0] - Events
E . + vents Required
[2axec - : Une ™ Avsiage & Conrucus .
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= A new opportunity

* Visualization can now be done directly inside the browser using
HTMLS — CSS3 - JavaScript — JSON

« Modern browsers run JavaScript at the speed of native programs
some years ago

« <canvas> functions are very powerful

« Software updates get deployed automatically

« Automatic support for tablets and smartphones

« Use mongoose library on server side

& THE FUTURE IS LANDING -

¢¢'

.5‘,
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ﬁ | Web-Server

BS Remote Data Visualization

W oscinoscn po

€« = midas.psi.ch/scope/

71EPS 7T1FPS 1764 mV

Stop Single

[0J1 2 3

4|5/ 67

mongoose.C //7]‘
e
Net v
PC
Controller A
FPGA with soft-core Browser
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B8 WaveDAQ Stefan

@® localhost:

wd015 v

Period-WDO0-CHO . . 10.061 ° 10.000 0.0138

Stop Single

Config | Measure
About

T=497C

Mean std
10.000 0.0138
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[(H=» Smartphone and Tablet

S9EPS S9FPS 1766mV

12 13 14 15
Off
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