2026 A=7| &3aA
Flash ADC Data AQU|S|t|on
> lm“ o

Z1A I-O:I
| =

NOTICE ¢




Flash ADC

‘ » We call Flash ADC(FADC) when ADC has sampling

rate more than 10 MHz.
aminiee [ v [

1.25v
DIGITAL
ERROR
CORRECTION

But most of them are pipelined ADC.

LVDS/LVCMOS
OUTPUTS

v

Analog Input Beside complex structure inside ADC IC,

using it is very simple.
|::> Digital Output
Applying analog input and sampling clock

Clock then we get digital data every clock cycle.

v




Flash ADC specification 1 Resolution (# of bits)

12 bit 500MSa/s

i
Sampling rate I
"3
INPUT RECONSTRUCTED : “ “
I |
el /\/\f\/\/\ —> /\/\w _
- i | | [ \

200 400 600 800 1000

.

1
200 400 600 800 1000
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w
o
\‘IIH TTTT

T A

SAMPLING 8
RATE = 2f

T A

4
SAMPLING
RATE = 4f/3 =

14 bit 500MSa/s

E (%] o N B =3 @

o
\|III

Real resolution = Effective # of bits(ENOB)
SNR(Signal/Noise) = 6.02 x ENOB + 1.76



£ : - Input Analog Bandwidth
FlaSh ADC Sp@lelcatlon 2 Most ADC has larger bandwidth than Y2 of

maximum sampling rate.
Input voltage range Okay except special design such as interleaving.

- Power consumption

vaua ﬁ Newer = lower
T e Low power supply voltage = lower
U101
B Roskorz < R - # of channels = more the better
:O = HPGE_IN . BUF_IN j ‘: i - DRV_INN
SMA-LR-PC
o R104 e
BUF_FB i T;I?-E“] c2e
R102 R103 c102

200/1005

]
s

NA/1005 100nF/16V/1005
-5VA

Usually 2Vp-p.

We attenuate or amplify input signal for ADC. e

ENC -
Nt et fe e

?? T better than A ??




Lowering ADC Sampling rate! i

C11
100nFMEV005
Input signal s g;g‘Fltsuvmuus
= I
93 ;_ R Ri2 EF1.|1HEEEQMF
= s 1K/1605 1K1005 P—— s .
L8 IMPUT = +
e Use low pass filter
0.8 i— o
05—
=
E == ==k
03 :_ 33pFiS0VI1005 100nFMEVHA 005
02 % Vv7 & v
0.1 i— Shaped signal
910_0| TR o | | |10|0 L 2(Im | I3QID L ‘4(';0' L IS{I)QI | ‘E(_JU Q-gi_
0.8 i—
Input signal peak a: i—
0.6 2—
120 — 0.5 i—
E 04—
100:— 0.3 f—
T 0z ;—
E 0.1 ;—
so:— %65 & F00
sl
C Shaped signal peak
20— =
- . o, s
qJ.IE‘ v o B ey IE\ ik |ng| e 7\ f——— |1:1| i} |1.\ L1 |1.\3| L |1.\4 -
2000 —
. . 1500 [—
Problem with lower sampling rate -
. . 1000 |—
(Input and ADC sampling is asynchronous) =
SOD}
DEI_.... o o Fow w g g Faly oo F ool oo o o oy wowoge
0.898 0.9935 0.999 0.9995 1 1.0005 1.001 1.0015 1.002




Flash ADC trigger

$

Wk LI [ Ny

el
N T

L1
K

AL D A

M
E
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N TRLE

amRAe e e G
AL E GG

e NNl al sl R ol ol ol ol ol ol el ol s

v lalsR ol sN N R =X Fal ol ol o8 o8 &

F W -F -l =l =l =l -8 &8 &8 -2 +2% =1 +% +2% T .

ADC -> Trigger board
Local trigger information
(such as # of hit ch...)

Trigger board -> ADC
Global trigger information
-> ADC stores data

ADC should have enough FIFO
memory that storing ADC data
for trigger latency time.
(Trigger latency can be
sometimes more than 10 us)

Trigger decision logic is
designed in pipe-lined style
to avoid dead-time.



Structure of typical Flash ADC board

Signal E> Analog E> ADC E> (F[I:ZI:_\)

{ Y

Clock Data Memory
generator (DRAM, SRAM)

=>

Readout
Interface
(USB, TCP..)

v

Trigger
Interface
(optional)

E> Data

Master
Trigger
Board



Structure of simpler Flash ADC board

JBNU ALPHA DAG

produced by NOTICE

DSP (FPGA) Readout

Signal E> Analog E> ADC E> Clock + E> Interface E> Data

Data Memory (Serial-USB)




Data processing in Flash ADC board

i \ Write [ ADC data FIFO ] Read [ k i )
(Length > Waveform
E> Trigger E> E>
ADC _ decision time) Digital data \ /
Input :> (output data .

continuously) I e, ) Processing ’ .

Discriminator : BeakyTiming

Trigger Logic Spectrum...
e > b r k. B k- y

HPGE ch2 HPGE ch2

X digiized

18000, 6000

16000 5000 :

14000 5
4000

12000

3000
10000

2000f
8000 B

1000
6000 C

1] 5000 10000 15000 20000 25000 30000 Cl-

0 5000 10000 15000 20000 25000 30000



ash ADC board analog circuits example

HEiE FAst +30A ii
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Flash ADC board ADC circuits example

L1 Lz
BLM1BEGZZ1SNID BLIM1BEGZ21SH1D
VDD_ADC OVDD_ADC
+1.8val 5 = 5 = g VP - f+1.8va
c18 c19 coo £z czz ) CI3
10uFHOVIERE 100nFAEV005 100nFHIBV/1005 100nF/1BW/1 005 L4 10uFI0V/1E08 100nFHEVA005
1‘03 VDD ovon 22
0 VDD 17 ADC. DATAL
poi2.2 gﬁ' 18 ADC_DATAT
ADC_DATAZ
42 sense e T
T3 | PARISER D3 53 AOC DATAL
Cs g: 53 EDC_DATAS
ADC_INN i 1 A D6 I —rhaTaT
37 30 ADC _DATAS
ADC: VCH < VCM Dﬁ:g 3 FDOC._DATATD
ADC_REFH 4 32 ADC_DA
REFH D11 =
c ADC Dy
L5 pern p e
e Lo 012 :
— %
OF Foo—%
10uFHOVHME08 —— ? e B ﬁ? i
= [ REFL CLKOUTN [F=—x \—DADC_DATA[B..UI
ADC_WREF i
B yrer ENCP 1; < |ADBC CEK
4 ENCH
75 | SCR 18
S0 SD0 o
2 DNC [
a1 | GND 28
gy 4 — g e 2R ERPAD QGND
100nFAEV 005 100nFHSEVI005 100nFAEVI1005 1uFHOVH 005
[TCZZ5eCUl-12
Rk 7 Begl g N



Choosing FPGA(Field Programmable Gate Array)

Table 1: 7 Setles Famllles Ccmlﬂrlson )
Maximum Capability Artix-7 Family Kintex-7 Family Virtex-7 Family
Logic Gells 215K 478K 1,855K
Block RAM( 34 Mb 68 Mb
DSP Slices 740 1,820 3,600 Tabfe 5 KI ntex'? FPGA Feature 5umma!"¥ by D%
Peak DSP Perfarmance® 928 GMAC/s 2,845 GMAC/s 5,335 GMAC/s N - - \
Transceivers 16 32 96 Cormgu epoe Lngn: Block RAM BIQ‘:kslN
Logi ik i DsP XADC | Tetalyg | Max
Peak Transceivar Speed 6.6 Gh/s 12.5 Gb/s 28.05 Gbis Devi ogic y i ola
Peak Serial Bandwidth (Full Duplex) 211 Gb/s 800 Gbfs 2,784 Gb/s o= Cells i Max Sches':zJ CMTSI“] PGIE{SJ G Blocks Ban kscﬁ.] lﬂol;]
. RE g ‘ ! Slices!?) | Distributed 18Kb | 36Kb | Max (Kb)
PCle Interface x4 Gen2 x8 Gen2 x8 Gen3 RAM tKh)
MePRR e i i 185 Mhes XCTKTOT 65600 | 10,250 m3g 240 270 135 | 4880 3 1 1 & 300
10 Pins 500 500 1,200
110 Voltage 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V | 1.2V, 1.35V, 1.5V, 1.8V, 25V, 3.3V | 12V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V XCTK160T 162,240 25,350 2,188 600 G50 325 11,700 i 8 1 400
Package Options Low-Cost, glv"gacﬁﬁ)nu Lidless LD):‘JgCh?Sé:;_t;dsz?asicgig\gm melr;nd Highest Performance Flip-Chip XCTK326T 295,080 50.050 4,000 240 2OG 445 16.020 10 q 16 1 10 500
XCTR3bAT 356,160 5b 650 5,088 1,440 1.430 Ti5 25,740 Li] 1 24 1 Li] 300
XCTR410T 406,720 63,550 5,663 1,540 1,580 745 28,620 10 1 16 1 10 500
XOTR420T 416,960 65,150 5,838 1.680 1.670 835 30,060 B 1 32 1 8 400
XCTR480T 477,780 74,650 6,788 1,820 1.910 955 34,380 I, B 1 a2 1 8 400
N 4
Table 6: Kintex-7 FPGA DEWCE-P&CR&QE Combinations and Maximum I/Os
Packagell) FBG484 FBGETE!2! FFGETEZ! FBGS00I3) FFGI00(3) FFGS01 FFG1156
Size (mm}) 23x23 2T x 27 2T x 27 MxH Hx3H HxH 35 x35
Baill Pitch
(mm}) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Dewi GTX v GTX s GTX ™ GTX ve GTX i GTX i GTX i
avice
s lunil =T TR T HR | Hpis! HRAE | Hpis! HE# | HpiE HR(4 | HP(s! HR!# | HP(E!
XCTKFOT 4 185 | 100 B 200 | 100
XCTKA80T 4 185 | 100 B 250 | 150 8 250 | 150
KCTK325T -2 sy o 250 | 150 16 350 | 150 16 | 350 | 150
XCTK355T 24 | 300 i}
ACTRA1OT B 250 | 150 8 250 | 150 16 350 | 150 16 | 350 | 150
KCTK420T 23 | 380 ] 32 | 400 0
XCOTR480T 238 | 380 ] 32 | 400 o




