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Acqwsmon card: BLEDP

Main characteristics:

= 8 independent acquisition channels per card
= Measurement range : 10pA to 200 mA (2-1019), using 2 acquisition methods with
overlapping dynamic ranges:
= Fully Differential Frequency Coverter (FDFC) : 10pA-10mA
= Direct Digital to Analog Conversion (DADC) of the current through a shunt reference:
100uA-200mA
= Minimum acquisition period is 2 us
= The digitised value is transmitted through optical fiber to the post-processing module or
through a Gigabit Ethernet link to a client application (stand-alone mode)

FDFC & DADC functionality
DADC

= Both acquisition chains are acquired with the
same ADC.

= No gain change required

= The switching between the 2 ranges is E
managed by the FPGA and is independent to
each channel.
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Principle of the FDFC acqg. method
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= A charge-balanced differential integrator circuit integrates the current from the beam loss detector.
= Two comparators check the voltage of each branch against a threshold. Whenever the any of the voltages

exceeds the threshold, the signals controlling the switches change to their complementary and the input
current is then routed to the other integrator branch.

= A 16-bit ADC periodically samples the differential voltage at the integrator output.

04/12/2020 MPP - BLMINJ Acquisition




Principle of the FDFC acqg. method
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= A charge-balanced differential integrator circuit integrates the current from the beam loss detector.
= Two comparators check the voltage of each branch against a threshold. Whenever the any of the voltages
exceeds the threshold, the signals controlling the switches change to their complementary and the input

current is then routed to the other integrator branch.
= A 16-bit ADC periodically samples the differential voltage at the integrator output.
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Acquisition method switching (1)
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Acquisition method switching (ll)
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Data combination for the FDFC acq. Mode (ll)
p <2 Us—><2 Ps—><—2 Ps—><—2 Us—<—2 Us—=<—2 Us—><—2 Ps—><—2 Us—>

I I 11 Ani1An

Case 1.1 Case 2.1 Case 1.2 Case 2.2 Case 3.1 Case 4.1 Case 3.2 Case 4.2

Counts

21 (max-A,) + (max-A,.;)
& 22 (A,-min) + (A,,,-min)
©
s} (max-A,) + (max-A,,;) + (M-1) * (max-
a 3.1 i
< min)

32 (A,-min) + (A,:1-min) + (M-1) * (max-

® ADCsample 4 maximum B minimum min)
= |n order to evaluate the integral between two samples the algorithm needs to 41 Aemin) +(max'2ni;]1)) o (AR e
cover eight cases. N S T P
= By tracking the slope and using the absolute value of the differences the il
realisation in the FPGA is significantly optimised. el unsigned
| Free running ! E _An §+> @ ™S
sample i 2 us counter i r :’Hl— — —Sn—‘ ————————
Sle N\ 16 i store i maxza_) ‘
ADC > A A, jout
_)__é\m. i }Am -min:GD_)/\ C+:
! :M 2 min i‘ﬁ |
: : = —AnﬂE_) |
| i max GD_)/
i ;‘2“ -An+1:§9_)/ ABS
' " max © , MUL
= The above is for an ideal circuit. In reality additional stages are introduced to “min M@— Oﬂ}

compensate for switching delays and other effects.
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Automatic acg. method switching

FDFC — DADC switch is easier since it only requires one sample 2us .
4 DADC — FDFC is an integration — Every FDFC result requires 2 samples
g
.___.-"" ) w___._ N AR A ANAN R ' >
:":' . r
.-': i I
L3 [

DADC samples __ H
~—
S~ 4

Interpolated sample — x\\
FDFCsamples Y ¥ FDFC maxlevel 2us ;
Ay
f L DADCminlevel ]
4y " .
N Ay —PY?& Interpolated sample
a‘-,__ FDFC samples |+ 71 /1 7 .
2us

100ns

= Default mode at startup is FDFC
= Every time we receive a new sample, the next = Switches are not instantaneous. So the first FDFC

sample is estimated based on the increment seen sample did not integrate all the current.

between the last two (using a linear interpolation). = After switching, a previous FDFC sample is
= |f the estimated value goes beyond the switching estimated, assuming that for about ~100ns the last

threshold, the command to change switches DADC current calculated was constant and

position is sent. integrated.
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HDL simulation (|

)

BLEDP_acquisition_TB module

Driver 1 : ADC Simulator Class DUT module
Models ADC7626 : g e
o| @ 250MHz <
- Class Constructor funct. =l . ot
. T | Every Int. Period | &
- Receives digitalized sample o < > o < > AD7626_ltfc
- Drives ADC interface. a E @ 250MH.
Current Generator < < d
r
Class Every Int. Period
PulseSynch PulseSynch
- Class Constructor Driver 2 : FDFC Simulator Class 3250MHz | | >100MH:z
- Sim. Configuration p ] ]
§ Meodels the analog circuit (FDFC pw pw
- Funct. to simulates a int ¢ ; tartost g o g
. integrator, comparators, start-stop
current waveform (sin. = < k= Q
or exp. decay) ( flip-flop, DADC acq. circuit and = = Bledp BLEDP - £
- Gene.rates a transact switches) : P = switch_ Data merge 9
every tsim step ’ - Class Constructor funct. E u?) ctrl @ 100MHz <
- Integrates FDFC current. T B @ 100MHz —
p| - Compares integ. curren.t with N < 2ff Synch +
comp. thresholds and drives top o ko | edge detector
Transaction and bottom fdfc pulses £ £ | >100MH:z
@ tsim steps - Simulates swiches as controlled | Asyncronous! | &
by switch interface 2° =
- Digitalise the FDFC/DADC current | & o
. Q O
as commanded by switches ctrls. £ L
Scoreboard Class - Send sample to ADC e =
- Class construct. - | -
- Retime transact. - Monitor Class Y
results < - Class construct. Ol < @ 100MHz
- Verify results Transaction - Drive interface funct. E EVEW_ Int.
@ Int. Period - Gener. Transact. For verif. £ Period
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HDL simulation (Il)

Esm-Default — s Hdf x| | 0 Objects ———m——— Hdl X

Wave - Default

Instance ¥ ® 315254600 ps A|r
= BLEDP_TB sys_cki
o B B4 sync_vector
ol Env_run 4 sync
ol reset_puse saturation_o P A —
o sys_ck
B AdeCk
8l apply_stim quest_i 4 |BLEDP_TB/if3_ademux_dutfmode _status
o1 if1_sde_dut e
o if2_fdfe_gut e
o if3_admux_dut period_pulse JBLEDP TE/fdfc.dope
o iF4_dut_mon open JALEDP_To e fdFe_pos
-2 bledp_aca_mocules_ut mon_Cout?_sync ALEDP TafRiR e ey
@ #INITIALE5S mon_CoutiM_sync JBLEDPTB/if3_adcmux_dutjmode_ctr
@ w2 tatu S =
u3
[+ BLEDP_TB_sy_urit FErEIE AR
[+ std
M standard JBLEDP TB/fdfc.integ_ar
B texto
B std logic_1164
Bl numeric_std /BLEDP_TB/fdfc.ADC_sample
B math_real
i std_logic_arith
1l lpm_components FOFC_pulse_syncasiope
1 lpm_hint_evaluation data_opt_en_o
I vhdl_func_pkg data

4 [BLEDP TB/bledp_acq_modules_ut/fdfe_pos_i

F( [PLEDP._TB bledp_acq_modes_ut/fdfc_neg_i
4 [BLEDP_TB/fdfc.slope

| #vsim_capacity=

- /BLEDP_TB/bledp_acq_medules_ut/bledp_acquisition_ut/fdfc_cnt_reg

e _TB/bledp_acq_moduies_utjbledp_acquisition_ut/data_fdfe_comb_s21b

[— Next sample Estimation

£’ /BLEDP_TBjbledp_acq_modules_utjbledp_acquisition_ut/data_o_s21b

- /BLEDP_TB/bledp_acq_modules_ut/bledp_acquisition_ut/data_increment_s22h
“  /BLEDP_TB/bledp_acq_modules_ut/bledp_acquisition_ut/mode_status_reg

#  [BLEDP_TBbledp_acq_modules_ut/bledp_acquisition_utjmode_chged
— Acquisition output

B /BLEDP_TB/if4_dut mon/data_opt o
[— DUT resuits.

AdcCk250M |
#  jBLEDP_TB/mon.dut_curr2_mA

& /BLEDP_TB/mon.acc_curr2_dut

2 | ET JE N [T E
sm 4| L Wave Moritor.sv
4 Transcript H
¥ [=5001560 [ADC_SIEUIator] done. 750 saEples sent ©o UL
# T=5003050 [Monitor] done 250 samples received from DUT and 250000 from the Generator
#
#
# V2 : Total error after integration : -142.243 TA
# V2 : Relative error on integrated current : -2.088 %
i
4
# *% Note: $stop  : ../testbenches/bledp_scquisition/src/BLEDE_TB.sv{(100)
#  Time: 501305 ns Iteration: 0 Instance: /BLEDE TB
0 Task TE_run at .. Ip_acqu:
# simulation completsd !
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Lab demo ()

[ BLEDP Client

Start.
Socket o tion
Mo connection

o

| Online | Status | Hardwareinfo | C ds | Advanced Coefficknt: Offine | Tripger | HouseKeeping
Data Type Selection Channel Sedection Actions
® Processed Data From One Channel ® Channed 1 Channel 2 Channel 3 Channel 4
Processed Data From. AlC'Tn—EIS Channel 5 ‘Channel 6 Channel 7 Channel 8
Connection - | nission bnfo
Remate Addriss: [192 1681 il e
TCP Remote Port: [20 ] {l s received:
2 [a] [+ G = l
| - rmmeraeet,_| ! i
T DADC '
e . | FDFC
60 MA |me acquired LT W :
\ - dat M | 130 A ‘ acquired
ata il u
. data
oosf Y ~1% T
\ Y
o4 [ - - - e oy e . fonany ooy -
[iTix]
.‘I’-.\ rj.‘"ll l\‘ .‘_fl I"xl‘ /
\ / ) / \
001 \"-._ f', m ;_.f / \_\ /
\/ S \_/ N\
~3mA DADC min limit FDFC max limit
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Lab demo (Il

i BLEDP Cleent
| Onfine | Status | Hardwareinfo | Commands | Advanced commands | Coefficients | Offine | Tripger | HouseKeeping
| Data Type seiection Channel Selection Actions

® Processed Data From One Channel & Channed 1 Channel 2 Channel 3 Channel 4

Processed Data From Al

"
H
3
g
2
H

L [nission info
" rpeped:

Connection
Remote Address:| 192 16

TCP Remote Port: [30 T T s received:
Ak

TN | | | 1
v - U AV B
data - 20-Feb-2020 05:24:0) =

[P

Ampare " ki
'

N FDRC 120uA " pApC
acquired P /\

\ acquired .
‘_‘\.\ | d ata e LA q ;r \‘
wei | T data \

. \ , \ 7] \ \ /
N L \\/E / -~ | N4
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