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FPMT (Fast timing MCP-PMT) array is proposed for PET
o | \ (Positron Emission Tomography) by detecting the Cerenkov
light produced by gamma rays in the scintillator

Hoping coincident time resolution FWHM<100ps (FPMT TTS rms< 30ps,
elec rms<10ps)
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2.1 FPMT output characteristics

For FPMT with 2 MCPs:
o gain: 7 x10°

leading: 0.2-0.5ns, mean: 300ps — ']_.__ PMTSEs
trailing: 0.3-0.7ns, mean: 500ps

FH & —

(¢]

(¢]

o Pulse width@ middle: 0.6-0.8ns, mean: 0.7ns AT TN ST AOANNY j— 2 mces
o Amplitude over 50 Q: 30-90mV, mean: 60mV T
o Cs for FPMT:4pF

*  FPMT with Single MCP( in development ) i
* Gain expected: <10°
* Faster leading edge cathod |
* Smaller Cs

scintillator §

1 MCP
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2.3 FPMROCZEF4)

* Process: SMIC 55nm

e e - * FEE: impedance matching,
. R R cH8 | .- . . . .
e g Q . amplification, discrimination
BN CO BN G I h . . » DAC: threshold and Q injection for
dear | £ | : . test
12 O B - R e B . » Bandgap: reference for DAC and

. J - / ) e = > = B preamp

CH4 ) CHA4 ) — > = 5 !
el 28 [ 2| .
i — e e > . TDC: Time measurement, TOT
i g [ : . for time walk correction
. PA2 E | -— il
. 2 \_ A . * PLL: clock for TDC and serializer
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; - [ P%L . » Event builder: data coding,
' e — SPI i i
. Bandgap | DAC | packing : ,
e /* SPl: parameters configuration



Jitter distribution expected

pream Spec
| )@ Discri TDC Parameter Value
C) ——Cs DAC Vth
l Process SMIC 55 nm
A\ PLL/DLL TOA resolution < 10 ps (LSB)
. TOA range 0.5 ns~24.5 ns
>DFEIE.mic range: 16fC-160fC > PLLDLL: :
--J"Zcero - sg : —Frequency: 5.12GHz TOT resolution <10 ps
er: =op --RMS jitter<1ps TOT range 0.3*2ns
--input impedance: ~50 Q
TDC ion<g TOA INL/DNL <1LSB
: precision<8ps
» DAC P P TOT INL/DNL <1LSB
--DAC for Vth: Global +local, --TOA resolution (LSB) : 10ps Dead time 25 ns
10-12 bit, 0.5-1.0V, rms noise<50uV TOA . <8 TOA/TOT . <
_DAC for Q injection: 13bit, 0.1-0.6y,  — Precision: <eps precision ps
_-Dead time: 25ns Power consumption 30 mW/ch
Output data width 32-bit




“EE scheme

Scheme 1 Scheme 2
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Trans noise simulation for FEE

noise simulation for
saturated amplifier

noise simulation

for TIA

1.2

1.1
preamp 1o 10
0.9 0.9
discri 0s ,
— 50 0.7 0.7 - Jr
o o © 10.651887ns 502.5206m [EN 10.7007.23n5.59;.1000-4mY Jgy 0.779196ns 591.8267mV
2 0.6 i =0
A Cs 4pF — >0_5 0.5
| (4fC) ZOfF 0.4 4 dx:17.644875ps dy: 1.356442mV 04
0.3 03
0.2
0.2
0.1
0.1
0.0
. 0.0 i =
an(gfc) 10.6 10.61 10.62 10.63 10.64 10.65 10.66 10.67 10.68 10.6 10.72 10.73 1074 10.75 10.76 10.77 1(0.7)8 10.79 108 10.81 10.8:
time (ns) time (ns;
10005 00ps »400 runs of transient noise are simulated for both front end schemes. The total jitter
of discriminators of both scheme are less than 18 ps. For the preamplifier of first
A0UA scheme, the RMS noise is 158 uV with a slope of 67V/us, while the RMS noise is 508

100ps uV with a slope of 145V/us for the other one.




PLL

»  PLL performance

» The PLL core has previously undergone
submission, with a measured frequency range
of 4.74~5.92 GHz, and RMS jitter of less
than 460 fs. More details can be found in the
paper:  hitps://doi.org/10.1007/541365-022-
01074-2.
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TDC Core Structure

; Latch_clk Delay Line | ... qata[65:0] Encoder ETOA_c,gde[llz()] g
Pulse E g (ic.i;laertslen:?n?:‘,l)d counterA/ B[4:07 encoder output ETOT_c,(/)de[7:0] >
Clk40M E Controller 1 et <l fifo > i > latch ECAL_.c,(/)de[IO.O] >
Ctrl bits! Delay 400 ps = - : Hit_flag >
—— rawdatawrtclk A T i —

i encdatawrtclk i Need fo verify

» The FPMROC TDC consists of Controller, Delay Line and Encoder. The Delay Line and encoder logic have already
verified.

» The Controller receives Pulse that comes from the discriminator and 40 MHz clock (CLK40M) then generates latch
clock to drive the Delay Line and the Encoder.

» The Delay Line is made up of fine time part and coarse time part. The fine time part is composed by 11 differential
delay cells and the coarse time part consists of two ripple counters.

» The Encoder converts the Delay Line raw data (fine time and coarse time) into binary code.



Block diagram of the Delay Line
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Serializer

Wit kRS

° 64: 1 ¢ 151 AT IH %10.24 Gbps
I B AL Serializer

o KiE64:16 (2.56 Gbps) FH
CMOSIZ 45 ] FE iM%

o Ei#4:1 (10.24 Gbps) KHZES
CMLIZ 5] H %

Extermal input RST signal

. | T
ke i ey i
. ; o | 4:1
5 T G| =
i I ;r R 3 17 DLa1
h-.; ‘‘‘‘‘ : . 3 — Dimi
M%) i [ ; = 02:1
‘ E sER_1 ) . .)Mm : j‘ -1 S2D
-l LI ] s ey
: : . )Ih:“ 1 Tl(l__ Hiitll::};ed i TX 010, 246
mE= —— Ik
. ,Wj S2D
_,)EI“ i 4:1 o
' e | | : -
SER_16_4 >1 a1 e
: | BN C1X
E —?— 2 56CHE
SER_64_16 | T e ittt
I ER_64_1¢ | e OFf chin inpet 5. 1208 di ial clock
CLX0/90/180/270 cum/az0
SER_16_4

64:1 10 Gbps Serializert& B HE &




hotaorlbo gt oot abocling

el b e e T RS

! FEXFOTK T EAl Ak -
TR | N E o=l ee B ol D 8 ] TDC 1% LWy T 20 S AR zh A
- Serializer __ it # C | E s | gt « FAIEIE LR RS N SR

Feeeee: ol

T " a-"\-l-"l-- s TR SN
- - 1




	高精度时间时间测量
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	2.切伦科夫光成像TOF-PET高精度时间测量实现
	2.1 FPMT output characteristics
	幻灯片编号 13
	2.3 FPMROC架构
	Jitter  distribution expected
	 FEE scheme 
	Trans noise simulation for FEE
	PLL
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	Serializer
	幻灯片编号 23

