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Charge questions

® QI: Is the design of the ePIC detector and its sub-systems appropriate and progressing well?

® Q2: Are the remaining work and technical, cost and schedule risks adequately understood? Are

there opportunities?
* Q3:Will the detector be technically ready for baselining by late 20257

® Q4: Are the detector integration and planning for installation and maintenance progressing

well? Are there areas where turther ideas should be pursued?

* Q5: Will the detector be ready for start of construction by late 20267
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" TOF layout in ePIC
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Sensors for the ePIC BTOF
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2023 HPK production Ql1, Q2
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Q1,Q2

Half sensors

/2024 HPK production

* ¢PIC full-size production of strip AC-LGADs from HPK with devices up to
e
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3.2x4 cm
® Nominal size 3.2x2.2 cm with 1cm strip ‘segments’

® Strip width: 50um, strip pitch 500, 750, 1000 um
* First ever large prototype production of AC-LGAD
® 8 wafers in hand, four 50um thick and four 30um thick

e [ow yield of 50 um has been solved
® Produced a new 16ch discrete component board that can house larger Sensors
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e
HPK production results - TCT

e Full size sensors tested on a large board with laser TCT

® Both 50um and 30um thicknesses, show similar performance

Position [um]

® Sensor works well, some gain variation across strip but it’s
unclear if due to laser retlections, will verity at test beam
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* Pulse as expected with rise-time 600-700 ps

* Signal for 1000um, 750um and 500um pitch is similar
° Higher S/N loss between strips for 1000um
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Irradiation effects on AC-LGADs

® Up to lel3 Neq, no significant change in
sensor IV properties and gain layer doping
° Leakage current scales with bulk volume

® Current and breakdown Voltage increases with

fluence (as expected)

® Gain layer doping proportional to Vgl (gain layer
depletion voltage) or ‘foot’ (star in the plot)

® Degradation parameter, ‘c’ factor, from fit on the

distribution vs fluence
® Behavior across wafers is consistent

° Comparable results for protons and neutrons

@ Dr. Simone M. Mazza - University of California Santa Cruz
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HPK AC-LGADs pixels neutron irradiated V_GL vs fluence

Q1,Q2
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TCT laser studies - Neutrons
® Using laser TCT setup with cooling plate and FNAL 16ch board

® Two sensors types at two neutron fluence points 1e14Neq and 5el14Neq

® Irradiated sensor was biased to higher Voltages

° Signal propagation 1n resistive N+ 1s the same
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® Direct AC-LGAD strips comparison non-irradiated and irradiated sensors

* At first order, the charge sharing distribution is unchanged
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Sensors plans

® An additional HPK production with improved yield and optimize design is being organize

with Japanese funds

® Organizing a fraction of an FBK production (multi-institution, common RD50 funds)
® Strips and pixels

e Plan to have a ‘large’ Ix1cm strip sensor

® Test beam plans this summer/fall at JLAB and KEK to characterize sensors

@ Dr. Simone M. Mazza - University of California Santa Cruz 5/31/2025
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Electronics for the ePIC BTOF
(frontend/backend)
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'AC-LGAD strip readout — FCFD (FNAL) Q1,Q2,Q3 "

® EICROC being developed for pixel AC-LGADs: target capacitance few hundred fF
® But EICROC is not suitable for strips where capacitance can be o(10pF)

AC-LGAD strip readout developed at Fermilab: variation of FCFD (calo readout)
® Can accept higher input capacitance with target Jitter <10ps

FCFDv1 — 6 channel received Jan 2024:Tested at FNAL in May/ June 2024, AC & DC-LGAD (1 mm)
e DC-LGAD (@ 50 ps; AC-LGAD (@ 52 ps

® AC-LGAD should get <35 ps with improved comparator

FCFDv1.1 with full-size sensor—TSMC May 2025; DESY tests in July 2025.
* FCFDv2 with digital block will be available in Summar 2026

® FCFDv3 (final design) will be available in 2027
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4 ™
High Precision Clock Distribution QL,Q2,Q3

® ppRDO — pre-prototype Readout Board:
® Generalized to allow readout from various ASICs — FMC connector
¢ Xilinx Artix+ FPGA (low cost, CERN TCLink compatible
® Clock Jitter cleaner — 5 ps
® Clock recovery on Rx of SFP or direct clock on dedicated fiber

® Establish procedures to readout ePIC’s ASICs prototype PCBs ppRDO
® Develop common streaming readout scheme with DAQ’s protocols (ADCLKS44)
® Platform for radiation tests (SEU measurement and handling)

® Produced and tested 6 PCBs. Si5344H
® Jitter measured at 3 ps (Ref clock — FLX182Tx serializer — ppRDO) (ref Clock)

- s




Mechanics and assembly
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Q1,Q4

* “Pinwheel” structure of the barrel, divided in two
symmetric stave section

* Support in carbon honeycomb with active pipe cooling

* Modular ‘stavelets’ assembled separately and mounted

* Peripheral board at the edge of the staves

\\

Engagement Rings

Global Support Tube (GST) CFOAM 35 HTC

SS 304 coolant pipe

PMT Apex carbon honeycomt
Top and bottom EX1515-

Module (Stavelet) = 162 [mm] R K13D2U CFRP face sheets

Half-Stave = 1296+20 = 1316 [mm]
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Q1,Q4

Sensor +ASIC g T Module Assembly Site

Wire bonding
y -
FPC -

Module-to-Module bonding machine

Support structure

Glue dispenser Final Construction Site
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Demonstrator project

® Plan to demonstrate the assembly
procedure and study the thermal
characteristic of a stavelet

* First prototype of interposer board
produced

* Using non Working full size detectors
from the HPK production

® Since no tull-size ASIC available yet,
using Si heaters

® Fully load a double-sided stavelet with
active pipe cooling and check thermal
dissipation in prototype

@ Dr. Simone M. Mazza - University of California Santa Cruz
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e
BTOF road-to-assembly

2025 2026

2029 2030

2031

2032

2033

2034

18 m +

ITk (ATLAS) assembly
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Conclusions

* Components and design of the ePIC BTOF layer is reaching
maturity: TDR expected by the end of the year

® Ongoing development of AC-LGAD strips for the ePICTOF layers
® Received first large-scale AC-LGAD production from HPK, first results
are optimistic
® A FBK production is ongoing, an additional HPK production will start

soon as well

® Readout chips currently being designed and tested: FCFD for
BTOEF
® First test with full-size sensor and FCFD in July this year
® Test beam planned for full-size sensor testing and readout electronic
testing this Autumn
* Assembly procedure is being developed and organized
® “Stavelet” is baseline design to facilitate the assembly and more serviceable

® A thermo-mechanical demonstrator is expected by the end of summer

@ Dr. Simone M. Mazza - University of California Santa Cruz
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4 ™
Charge questions

® Isthe design of the ePIC detector and its sub-systems appropriate and progressing well?

® Yes, the design of'its subsystems is progressing well, with the main bottlenecks being the
availability of ASICs.The results of the first full-size sensor test conducted in the lab showed no
problems. First full-size sensor + FCFD (ASIC for BTOF) will be tested this year. Assembling
procedure and several properties related to thermal and electrical will be tested by using
demonstrator this year.
® Are the remaining work and technical, cost and schedule risks adequately understood? Are there opportunities?

° Remaining work is well understood. Main schedule risks are related to availability of ASIC. FBK
sensors will also be tested to reduce the risk of manufacturing the sensors that form the core of
this detector.

*  Will the detector be technically ready for baselining by late 2025?
® The detector baseline is well established, and we aim to resolve the remaining open questions

® Are the detector inte gration and planning for installation and maintenance progressing well? Are there areas where further id eas should
be pursued?

®* We have a plan for a set of demonstrator staves that will lead us to higher level integration steps.
It is crucial that ASIC, Sensor production and mechanical design progress on schedule.

® Will the detector be ready for start of construction by late 2026?
® YES, but correlated with ASIC availability

@ Dr. Simone M. Mazza - University of California Santa Cruz 5/31/2025 /
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Many thanks to the SCIPP group students and technicians!
In particular to students:
J. Ding, G. Stage, A. Borjigin, C. Altafulla, M. Davis, S. Beringer
Thanks to HPK for providing sensors for this study

This work was supported by the United States Department of Energy,
grant DE-FG02-04ER41286

This work was supported by eRD112 funds from EIC

Thanks to IJS (G. Kramberger, I. Mandic) and UNM (8. Seidel) for providing sensor irradiation at Lubjiana
and FNAL ITA

This project has received funding from the European Union’s Horizon Europe Research and Innovation

programme under Grant Agreement No 101057511 (EURO-LABS).

EUR®:-LABS

EUROPEAN LABORATORIES
FOR ACCELERATOR
I BASED SCIENCES
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Low Gain Avalanche Detectors, LGADs

* LGAD:silicon detector with a thin (<5 pm) and highly doped (~10'%)

multiplication layer
° High electric field in the multiplication layer

® Field is high enough for electron multiplication but not hole multiplication

® LGADs have intrinsic modest internal gain (10-50)

. Q : :
 Gain = <242 (collected charge of LGAD vs same size PiN) &
PiN T 1

e Not in avalanche mode =2 controlled tunable gain with applied bias Voltage “““““ S —
—] Anode

® Thanks to gain LGADs can be thin (20um, 50um) “ Ring

o . . Nucl. Instrum. Meth. A765 (2014) 12 — 16.
* Great hit time resolution reach: <20 PS! Nuel. Instrum. Meth. A831 (2016) 18-23.

® LGADs are a great device to allow 4D tracking (x,y,z,t)

First application HL-LHC timing layers for ATLAS and CMS

® Several producers of experimental LGADs around the world i
e CNM (Spaln), HPK (Japan), FBK (Italy), BNL (USA), NDL (Chlﬂ&) https://cds.cern.ch/record /2719855

httpS' cds.cern.ch/record /2667167
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AC-LGADs

* ‘Standard’ LGADs has granularity limited to
~mm scale due to the high field on the surface

® Most advanced high-granularity prototype is the
AC-coupled LGAD

* Finer segmentation and easier implantation process
* Continuous multiplication layer coupled with
resistive (low doping) N+ layer
* Readout pads are AC-coupled, insulator

layer between N+ and pads

* Any surface metal geometry is possible

HAMAMATSU BROOKHFAEN

PHOTON IS OUR BUSINEss NATIONAL LABORATORY
o N* Contact Metal N Contact Metal
Passivation l / \ l l
_l'¢ T i S r r T T —r j S
[ o \
T \ 4 Oxide T JTE
CStop Guard pstop
p-type Multiplication Layer

Ring

low p p-type CZ wafer

Metal

p-type FZ wafer
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(| AC-LGAD hit reconstruction

e AC-LGAD has intrinsic Charge sharing

® Gain increases the S/N and allows for smaller metal pads

O Charge sharing can be a great feature for low density tracking environment

° Using information from multiple pixels/ strips for hit reconstruction

(issue for tast timing) while maintaining good resolution

1000

900

Pad signals . 800
Charge _No— — ~_ Charge
extraction N— extraction 700

600

Position [um]

500

Charge multiplication

400

Charge collection
300

200

100

00 100 200 300 400 500 600 700 800 900 1000

@ Dr. Simone M. Mazza - University of California Santa Cruz Position [um]

® Sparse readout is extremely useful to reduce channel density and power dissipation
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/Electron—lon collider

e FElectron-lon collider will be the biggest NP effort in the U.S. at BNL

® Running conditions will be from 20-100 GeV c.d.m. to 140 GeV with polarized nucleon

and electron beams and 103* cm™2s™! luminosity

e ePIC is the detector 1 design currently under review

ePIC will provide key measurements:

e Proton Spin: decisive measurements on how much the intrinsic spin of quarks and
gluons contribute to the proton spin. Only 30% proton spin is accounted for by quark—
antiquark!

* The motion of quarks and gluons in the proton: study the correlation between
the spin of a fast-moving proton and the transverse motion of both quarks and gluons. [ O=10GeV, j  Gluon helicity
Nothing is currently known about the spin and momentum correlations of the gluons _ contribution vs quark
and sea quarks. S of

helicity contribution

e The tomographic images of the proton: detailed images of the proton gluonic osf
matter distribution as well as images of sea quarks. Reveal aspects of proton structure
that are connected with QCD dynamics at large distances. o3 om oe o

e
&)

o

* QCD matter at an extreme gluon density: first unambiguous evidence for a
novel QCD matter of saturated gluons, Color Glass Condensate.

Momentum along y axis (GeV)
S
(&2

X-Y u quark motion

. . -0.5 0 0.5
For proton travehng in Z Momentum along x axis (GeV)
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Time resolution

Edge
Threshold
Discriminator

Time Walk

Landau variations

Depletion
Region

g Jitter —

Time
Time given by the
CFD 50%. no time
walk.

Noise on top
of the signal.

Notise
dV/dt[CFD%] = SNR
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~ Trise dt

Sensor time resolution main terms

2 2 2 2 2
timing — 9time walk + O Landau noise + T Jitter + dTpC

ag
e Time walk:

® Minimized by correcting the time of arrival using pulse

width or pulse height (e.g., use 50% of the pulse as ToF)
* Jitter: from electronics

® Proportional to 1 /dV
dt
® Reduced by increasing S/N ratio with gain

* TDC term: from digitization clock (electronics)

e Landau term: proportional to silicon sensor

thickness

® Reduced for thinner sensors

® Dominant term at high gain

e Bottom line: thin detectors with high S/N

5/31/2025
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e
LGAD temperature dependence

® LGAD gain depends on temperature due to impact ionization dependence on
e/h drift speed

® On alarge temperature range the eftect is significant
® The same sensor has a ~50V breakdown variation over a 50C temperature change
® Data from ATLAS/CMS prototype UFSD3.2 (FBK)
® Similar study foreseen for ePIC AC-LGADs (laser station almost ready)

® The time resolution suffers slightly from the non-saturated drift velocity if the
breakdown is too early (5ps worse for -30C)
® Electric field in the bulk is too low between Gain layer depletion and breakdown

® In the case of ePIC the running temperature and temperature variation should
not as extreme
* However the breakdown voltage is <150V for most ePIC prototypes, (fairly low)

e Once the running temperature 1s set we should start testing devices at
that temperature to measure realistic performance

® Then adjust the sensor design accordingly, a similar study happened for ATLAS with
HPK (4 gain layer doping tunes)

Dr. Simone M. Mazza - University of California Santa Cruz .
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/ HPK AC-LGAD, T=20 & 50 pm, L =20 mm \

HPK AC-LGAD

1 —— HPK29 E600 20 20 50 2000 ¢

- < —— HPK35 E600 20 20 100 T E240 EG00

HPK 2023 lab studies R T
%0.1 3 \ q é 1000 |

® Previous lab results from 2023 HPK production : | \\W n S om| o

- 1 W 2
® https://doi.org/10.1016/j.nima.2024.169478 001 MMW - m/\ - “s w wm @ =
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® Based on laser TCT studies
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thickness has less impact but thinner is better. fos VAT .
* Long strip length degrades both signal (rise time, Pmax) and o MESL A A e— o 200 a0 awo s
Position [um] Position [um]
has worse charge sharing. 1cm length was best compromise.
i . HPK27 E6DO
* Another issue is the input capacitance which degrade the 0 - Positional ltter vs S/N P35 £600
—= 35 |} * )
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e
HPK production results - IV/CV

® Yield is not optimal, somehow better for 30um wafer

® Capacitance of full detector scales with thickness

amplifier) is not an easy task

° Significantly changing with probing frequency

® Measurement of strip capacitance (input capacitance to the

® Several measurements ongoing with TCAD simulation support

HPK S16694 DC at 10 kHz
3x1,

(W11,
Chip 1)

3x1, Chip 2 vs W22,

3E-08

=fp=ill, 3x1, Chip 2
2.5E-08

= 2E-08 i —e—W22, 3x1, Chip 1
§ 1.58-08
g ’ Final full sensor capacitance:
n L
s ,
8 108 [
3 : W11:0.725 nF
L]
8 :
5E-09 | W22:1.24 nF
o b9
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 200

Bias voltage [V]
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e

R (cm)

Radiation levels at ePIC

* Radiation hardness of LGADs has been studied and optimized

CMS
* Relatively large-pad, conventional (DC-coupled) LGADs

2

cm ™ over their lifetime)

by changes in the n ¥*/n" electrode and the coupling dielectric
neutrons at JSI/Ljubljana and at FNAL ITA

envisioned at the EIC over the full time of life

® Thanks to G. Kranberger and I. Mandic for the ]SI irradiation
® Funded by EUROLABS

@ Dr. Simone M. Mazza - University of California Santa Cruz

extensively for the HL-LHC timing end cap upgrades in ATLAS and

® At the EIC radiation levels will be much lower than at the LHC (< 5e12

* AC-LGADs with resistive n™ layer, which may be susceptible to radiation damage

RAW fluence

System Average Max
Barrel 5.4 x 101 5.9 x 10™
End-cap | 1.3 x 10" 1.6 x 10'2
BO trackers | 3.9 x 10! 1.8 x 10"
NEQ fluence

System Average Max
Barrel 3.6 x 10 13 x 10¥
End-cap | 1.2 x 10" 8.4 x 10"
BO trackers | 4.5 x 10! 4.2 x 10'2

* HPK (and BNL) strip and pixel sensors were irradiated with reactor

Table 8.2: RAW and NEQ fluence per system for the lifetime of the ePIC experiment, assum-
ing 10 years of data taking at 50% time.

* Total fluences between 1e12 and 1e15 Neq — some much higher than

W4 ws

S50 pm 50 um

240 240

Pixels

54.5 52

® Thanks to S. Seidel and ]. SI (UNM) for the proton irradiation

ce
LooEns 4
1.00E+14)

53
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e
TCT laser studies - Protons

® Graded irradiation on an HPK 2cm strip sensor (500um pitch, 50um)

® Fluence parallel to the strip each ~0.5cm: 4.4E+14Neq, 3.5E+14Neq,
1.8E+14Neq, 7.8E+13Neq

® (Circle in image and plot indicates the beam position

e Effect of the irradiation clear in the gain layer signal degradation

* However, the charge sharing profile doesn’t change > good!

HPK W5 Radiation Gradient Strip CH1, 2D Pmax

5 Fed HPK W5 Radiztion Gradient Pmax Comparison (Normalized)
S - 1 R pdm Pk onparpen Remalies
g - ad 'g o
= 18000 N - .
g 4 70 z T — y-1000
TR0 = | I ]
" 5 y-4000
14000 E’ — y=8000
12000 - E y=12000
10000 40 -
30 b
2U
10 P
N I:]I:I 000 = IED:I:II —
g 2000 3000 4000 5000 B
Fositon | um] Position [um]
Dr. Simone M. Mazza - University of California Santa Cruz .
k Student: G. Stage, A. Borgijin

Pmax [mV]

\

Not normalized”

. | ... S

Position [m]
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e

FCFD

e FCFDv1 — 6 channel received Jan 2024.

* Tested at FNAL in May/June 2024, AC & DC-LGAD (1 mm):
* DC-LGAD @ 50 ps; AC-LGAD @ 52 ps
* AC-LGAD should get ~35 ps with improved comparator.

* FCFDv1.1 — TSMC May 2025; DESY tests in July 2025.

128 ch strip readout
65 nm CMOS

Constant Fraction Discriminator

Plus TDC, ADC, interfaces
Cdin: <15 pF

Dynamic Range: 5-40 fC
Timing: 10-30 ps

Links: ~Gbps, multiple
Radiation tolerant.

Arming comparator

=N | (self-biased)  _|

| Program
For bias, continuous RC delay
reset, and shaping Follower |
RC | ‘:; RC Delaye

Integrator

Auto-bias

FCFDv1 (6 ch): FY23

— FY24

FCFDv1.1 (6ch): May 2025

FCFDv2: FY25 - FY2

6

FCFDv3: FY27 Production

¥
Out
Signal

comparator

Vth (~ 570 mV)

Vref (~ 1000 mV)




/Sensor testing - [V/CV

® (Capacitance over voltage (CV)

° Study doping concentration profile and full depletion of
the sensor

* Doping profile can be extracted from the 1/ C? derivative

° Study of the “foot” for LGADs on 1/C?

e 1/C?is flat until depletion of multiplication layer because
of the high doping concentration

° Proportional to gain layer active concentration

e Bulk doping concentration proportional to the
derivative of 1/C2before depletion

P+

@ Dr. Simone M. Mazza - University of California Santa Cruz
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2.00E+22
1.00E+22

0.00E+00

layer

Doping (cmA-
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Full depletion

200

~45um sensor
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g Sensor testing —Laser TCT setup A

® Sensors are mounted on a multi-channel analo g amplifier

board with bandwidth ~1 GHz
* Response is readout by 2 GHz/20 Gs oscilloscope

Focused laser

* IR laser (1064 nm) mimics charge deposit of a
Minimum lonizing Particle (MiP)
* Focused laser beam with spot width ~20 um

® Amplifier board is mounted on X/Y moving stages

° Charge injection as a function of position

® Metal is not transparent to IR so no response can be seen

when laser is on top of metal

® Only the sensor response in-between metal pads is visible

@ Dr. Simone M. Mazza - University of California Santa Cruz 5/31/2025 /
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Readout noise master formula

@ Dr. Simone M. Mazza -

Define some quantities that are associated
with sources of readout noise:

C = Sensor capacitance

R¢ = electrode resistance

i, = amplifier current noise
e, .= amplifier voltage noise
Rg= bias resistance

|4 = Sensor leakage current
4kT = temperature term

VOLTAGE NOISE CURRENT NOISE

1024 - - S~ L

EQUIVALENT NOISE CHARGE (¢)
\

10' T T T UL T T
0.01 01 1 10
PEAKING TIME (us)

(For a particular

set of parameters)

.
F.a

University of California Santa Cruz

Il’lCl

e

v

™~

Noise level in equivalent electrons
e Strictly speaking, applies to

“lumped elements” (separate C, R;)

General rule of thumb: signal-to-
noise of 12:1 for efficient operation

Signal-shape parameters (of order 1)

Noise current sources

Noise voltage sources

Py

” ]
Fir | 2el,
LN

kT

+—+,-'_,m:]

Rg

-

-
L B
L5

+H— (4kTR, + e, %)

'
P

\ 7
Amplifier shaping time (1/Bandwidth)

(F./t) C? e%,, 2 Beware of sensor capacitance, esp. for fast signals!

From “Semiconductor detector systems”, H. Spieler
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New HPK production

connection

* Final capacitance of the order of few pF for both wafers

Capacitance [F]

* This seems suspiciously low, studies ongoing

HPK S16694 Wll, 3x1, Chip 2, AC Comparison (log scale)

Capacitance of AC strips with backside measurements, test on edge strip near N+

As always it’s tricky to pinpoint a number as result vary wildly with frequency

Full sensors

RS 2SS SATRRSL I T AT e S

HPK S16694 W22, 3x1, Chip 1,

g

AC Comparison (log scale)

) ) ——10 kH=z
Final Strip
Frequency c i
(kHZ) apacitance 50 kHz
(pF)
10 0.58 100 kHz
. v —e—200 kHz
100 0.99
200 3.09

1.0E-09 L 0E-09
——10 kHz TR
Final Strip
Frequency . 50 kH=z
(KHz) Capacitance
1.0E-10 (pF) 100 KkHz 1.0E-10 L
10 0.28
—e—200 kHz =
50 0.41 — L
1.0E-11 | 100 0.69 § 1.0E-11
C ° L
0.72 ot
Q
d
&
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1.0E-13
1.0E_13 | | | | | | | | | | I | | | | 0
0 -50 -100 -150 -200
Bias voltage [V]
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/Angled charge injection

® Strip modules in ePIC barrel-TOF are layered with a 18-degree tilt angle in the design baseline,
forward disk region also get tracks with large incident angle (up to 30-degree)

° Laboratory characterization and beam tests so far have been conducted at normal incidence
e Added a angular stage to our TCT laser setup to study the effects of angle of incidence

® Tested a strip AC-LGAD with the new setup (Pixel next)

* Atlarger angles, signal profile in neighboring strips also shows shift with rotational
angle, but effect is small and can be corrected if angle is known

® [aser light is shone under strips

* Differences in time-of-arrival and rise time are minimal for the angles measured
; 1 60 T T T T | T T T T I T T T T | T T T T ‘ T T T T w 09 |\| T . . I . . . I . . . T - - - T - . ; 2 . :
e C HPK E600 W9 Pmax Comparison at Different Angles ] [ lll| HPK E600 W Rise Time Comparisons at Different Angles H ) 64 g AN LA L
';‘ 140— —— 0,Ch1, 1X 18, Ch1, 1X — '; ”I 0, Chi, 1X 18, Cht, 1X i L HPK E600 W9 Tmax Comparisons at Different Angles
] - - 30, Ch1, 1X —— 45,Ch1,1X ] € 0 ”I 30, Ch1, 1X 45, Ch1, 1X H x 63.8 ——— 0, Ch1, 1X 18, Ch1, 1X
E 120— ] = i I g | —— 30,ch1,1x — 45,Ch1, 1X ‘ '“
S 8 ol - il
100 4 = HI“ W"uw‘:y t ‘ : =3 i
- ] i | ' i [ 1T
80/ E o6l P i j ; 63.4 -
- ] I Y Al ' I - ]
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40 — !i” I‘ill\ :,vﬁ . }vi‘" [ j 63—— ]
ooF . 0.4l B, 4 I - -
=] ] i et \ J\ 1 62.8 =
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