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« SKIR1THE(QTC+AMT)

Signal Digitizer
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R&D Test board

QTC ASIC#$E#H, L 7=Test boardICHIRDFPGASHfi-R — N & 3E#H: L CTDC#= FHE
Multi phase®TDC & Delay chain& 4 7OTDCH 2 D& L 7-

Altera Cyclone V §Hfisk— K
(Terasic GX Starter Kit $179) QTC test board

2 QTC chip on board
6 PMT inputs (lemo)
x 3 scale = 18 channel

<] Test pulse from
Charge Time Generator
(Phillips 7120)

HSMC interface



Multi phase TDC
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Ditterential Nonlinearity
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Integral Nonlinearity
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Delay Chain TDC
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Carry Chain TDC
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Differentia

e HABRY VYT 5T L ThinlgDAEEHRIEE

2 177 for 1 LAB

w0 51 . Emri;psn?:;:;:]:iﬂa
wE AvS  ses
NS

70E

[+]

50

d0:

wE

i

10

%E" B R~

bin

200—

150

Si

100

50

I W
20 30

LBin width = 50ps

tir;e bin
heights

eeeeeeeeeeeee

gma = 81%

.

Ll e L b ] L
40 50 60 70 80 90 100

Nonlinearity

1 A for 1 LAB

1 A for 2 LAB

ipos rd 0

Entries 1333343
Mean 3528
RME

100 1pos 2 0 200
oo 180~
oF 180
?05 10—
coF 120
oF 100~
z o=
Ehi= r
30; g0
mE 40
10E we
E C | v Ll
ooll 00 20 £
60—
120 c
- 50/
100 -
a0
w0 Bin width = 100ps -
- 30_
o i — 28% (28
: Sigma = 28% (28ps
40—
r 10
20— L
A T I BT TR N PR P T eSS SRR v, 0 20 a0
%0 20 s0 40 50 60 70 8 90 100

heights

ﬂiiLWidth = 200ps

Sigma

L
60 80 1

1 T T e 3 [V
00 120 140

= 17% (34ps)

o ERBYICIEMulti phase & Y A 7% bintig/ & LWDNL
« FPGADEEL B A2 RKZLDNLAA LN S

15



Carry Chain® B4R 1F14E

« CarryChainO A —FlzHh2BOMBELRDO TRE/EBER EICHKE

Mean of carry chain (4ns)

35.4

35.2

35

34.8

34.6

34.4

Graph

B"||||||_l

{E?EEI;/IF\\\\\\\\\‘\\\J
|

I |

M

N
w
N
=~
N
&)

26 27 28 29 30

room temperature (degree)

e BEFBRE ~-0.1%/1°
(K2 TEW)

16



)y —X & X b

c YV =0T T7REELHY
1 frontend board T24PMT(72ch) % 4L3E
> 8 phase TDC .. 1900 LAB
(25 LAB for 1ch + 100 LAB)
> Carry Chain TDC .. 4780 LAB for 72ch
(65 LAB for 1ch + 100 LAB)

e Altera Cyclone V GX

- 5CGXC5 .. 2900 LAB  $180
- 5CGXC7 .. 5600 LAB  $280
- 5CGXCY .. 11400 LAB $480

LEEE IR WFPGATH T v 2L DTDCERET H I EATET S > EEICHIEER

17



£ & O

HyperKamiokandelZ A E L TDCZFPGAETHEL TW3

LogicLockZs & Z B L CDNLZ 3> b O —JL,

HKE L CTHEAIF T A/ 7+ —~ v R&%1EF 5 2 £ TZ7=(on Cyclone V)
1. Multi phase TDC(8 phase x500MHz) --- 0.25ns binf&, DNL 60ps, Resolution 80ps
2. Delay chain TDC(250MHz) -+ ~10ps binfg, DNL 30ps

)Y —XHLBEE. ZTWFPGA(~2/H)TH+Ch, EFEICH &

i
(e

HK & LTIk UL 5 & (Calibration) d &2 T¢Multi phase TDCAYEF.,
INER=—X 270y Vv FR—F2FEEHEFEL TWLFE

18



backup



Qrigin of nonlinearity 2

after fitting,
D-FFs are located in the different Logic Array Block(LAB)
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manually allocate D-FFs
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3 phase 1DC

« 8 phase at 260MHz can achieve 0.5ns time bin width (~AMT)

« Placed 8 latches at the same distance as possible

from input
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