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Long History of Noble Liquid Detector R&D at BNL

Advancement of
Cold Electronics

1974
R806

1980

BNL pioneered Liquid Argon based detector
HELIOS technology in 1974

.|
1990 [P e Readout electronics has always been an integral
DZ .
_T' — part of detector R&D effort for precision
2000 g T measurement with noble liquid detectors
08 ATLAS
2010 =
E uBooNE CMOS FE NUCLEAR INSTRUMENTS AND METHODS 120 (1974) 221-236; © NORTH-HOLLAND PUBLISHING CO.
-
g ProtoDUNE CMOS FE+ADC+FPGA LIQUID-ARGON IONIZATION CHAMBERS AS TOTAL-ABSORPTION DETECTORS*
2020
m W. J. WILLIST
3 SBND CMOS FE+ADC+FPGA Department of Physics, Yale University, New Haven, Connecticut 06520, U.S.A.
and
2030 o DUNE CMOS V. RADEKA
Z FE+ADC+COLDATA Instrumentation Division, Brookhaven National Laboratory, Upton, New York 11973, U.S.A.
FCC-ee P Received 14 May 1974
S CMOS Cold Electronics?
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Status of BNL Cryogenic Front-end ASICs

About av decade of development
=== 3 ASICs vs. 1 ASIC solution:

E E DIGITAL LINKS « Initially two readout options were proposed:
MicroBooNE | i DAQ « 3ASICs vs. 1ASIC
| i (idea of building 1 ASIC, combining
E LAASIC | COTS ADC FE/ADC/transmission brought in 2016 and included
| i as parallel path of development)
- i LBL/FNAL/BNL « Evolutionary development MicroBooNE— DUNE led to
. : EM DIGITAL LINKS the 3 ASIC solution that:
] ] ] —’
proto-DUNE | & i l- DAQ « Helped perfect the FE (through multiple iterations)
E i oL Abe * Allowed debugging (procedure for ADC calibration)
E i = « Allowed independent optimization of each chip
i | « Disallowed analog — digital interfaces
| | k% DIGITAL LINKS
SBND 7 DAQ To meet the demands of next generation
i i e experiments -> cryogenic front-end ASIC in
! LArASIC | COTS ADC FPGA
| | a newer technology node - 65 nm
| ' DIGITAL LINKS
DUNE | DAQ Currently in development: CHARMS250
| Lamsic | com AC coLD DATA (CHARge aMplifer + Shaper -> 65 nm
bommmmomoeoos : 300K cryogenic analog front-end ASIC with 250 ns

CHARMS10 with 10 ns shortest peaking
time also planned for development

(r\ Brookhaven = Péaking time programmable
National Laboratory between 500 ns and 3 MS




Targets for CHARMS - DUNE

Deep Underground Neutrino 'T"%'“Ti
Experiment: w ” ;

* Major scientific experiment for studying
neutrino/antineutrino oscillations, detect
neutrinos emerging from exploding stars,
search for signs of proton decay

» DUNE far detector (FD) located 1.5 km
underground in South Dakota will operate
with an intense neutrino beam generated
at Fermilab

« DUNE Phase-ll FDs will utilize four bl
10kTon liquid argon time projection
chambers (TPCs) to detect ionization
charge and scintillation light generated
when incident neutrinos interact with

argon atoms
Temperature Detector Shaping Dynamic
Capacitance Time Range

] 1l PA : A «
«
‘L 1 FE ASIC (x 8) 16-ch ADC AS S%J
I LATASIC | COLDADC front EndMother Bosd
128-ch x :

e

FD 3/4 150 pF — 250 ns — 10 bits
charge 200 pF 2 us
readout

FD 3/4 light 89 K few nF 10 ns — 12-13 bits

k:,\ Brookhaven readout (SiPMs) 250 ns
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Targets for CHARMS - FCC-ee

Electron-Positron Future Circular Collider: Cold Front-End Boards ALLEGRO Ecal Barrel Design
* Proposed to be constructed at CERN to serve as a general Integrated on PCB Electrodes .
precision instrument for exploration of nature at the smallest = -

scales
*  Optimized to study with high precision the Z bosons, W pairs,

Higgs bosons and top quark pairs
« ALLEGRO (A Lepton colLlider Experiment with Granular

calorimetry Read-Out), one of the proposed detectors,
features a high granularity noble liquid electromagnetic

calorimeter (ECAL) at its core

Temperature Detector Shaping Dynamic
Capacitance Time Range

Version 2: CFEBs on the Summing board

Bt e Absorber

/4 £
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e REAdOUL
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electrode

" ALLEGRO Detector Layout

[ Muon Tagger

HCAL Barrel

Allegro 200 pF /400 200 ns 12 bits :
pF (4 fC-10 . |F
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CHARMS250V1 specifications

Technology 65 nm CMOS: 1-poly, 9-metal
Supply voltage 1.8V

Temperature range 77 K- 300 K (optimized for 89 K)
Number of channels 16

Maximum single-ended output swing

1.4V peak to peak

Gain

4.7 mV/fC, 7.8 mV/fC, 14 mV/fC, 25 mV/fC

Full-scale input charge

Baseline selection

200 mV (unipolar, collection mode), 900 mV (bipolar, induction mode)

Adaptive reset current

0.1 nA, 0.5nA, 1 nA, 2nA

Peaking time

1250 ns,500ns, 1us,2us |

CHARMS10 (peaking
_ time range 10-200 ns)

Output coupling

DC, AC

Output drive

Shaper, single-ended buffer, differential buffer

Integrated test capacitor

200 fF

Integrated pulse generator

10-bit DAC based

Configuration control

I2C based for providing digital assistance (programmable gain, peaking time, baseline, RQl)

e Key features and challenges
o 65 nm CMOS with thick oxide — To limit gate leakage current and parallel noise contribution
o Low power consumption (6-11 mW per channel) — support detector electrodes with fine segmentations
o Cryogenic operation with long lifetime of electronics — achieve optimum SNR

L:.\ Brookhaven
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CHARMS250V1 Architecture and functionality

CHARMS250 Top-level block diagram

6-bit DAC and pulser [« Global and channel registers Analog monitor
_/
— ] >
> OM
3-ASIC solution | —
¢ N lfs] | Twostage sh CH1S,! acioc L[ seseoc [HF> g8
4 A "I |_charge amplifier aper " g 1 ONis
“— SE : : : :
Buffer . : . )
| | ( A
i - : . )
/ - - . -
Y.
/ Serializer ' l—’—l
, _|SEDC / p: T E Two-stage A CHA1 s . OoP,
Pre-Amp o Buffer < ADC / & 7 O 1 i el Shaper AC/DC SE/SEDC > ON,
a:| L Controller
T 5 i— ¥ .,
Two- CHO ] >
~ CHARMS J J J l, 5|  Two-stage > Shaper ACIDC seisenc [ 9P
| charge amplifier ON,
\ LAr Y, ‘
Bias module with BGR and temperature sensor

Front-end ASIC (CHARMS250) acts as an anti-aliasing filter

k? Brookhaven
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CHARMS250 Analog Channel Schematic and Impulse Response

v -
Yoa - Vag Chargiérzg"ﬂerz 5th Order Semi-Gaussian Shaping Filter ACorDC = Output
i Buff
My | M, I[;L Coupling uffer
{1x} {20;
Stage 2 Stage 3
gn ?m1 ' »g{ M., sh sh-probe Vo
{1x} {20x} "{3x, 5x, 9%, 16x} L,
V, | I1l§ Cm2 Sse_
X A vout1 M 4 = —c-Vz Sn
e ll ’ ! Sz Yy
in RQI J_I m Vop
‘/learl IIAM R1 vcasn E " Z Ssedc !on
g - Mn | | n | n
) Charge Amplifier 1 3{1|x} 'EVI ¢ 'E °
(CA1) = - <
Filtering Output Drive
150 - Peaking t | Cut- Sampling | Gain cha
- ime (T,) of freque | frequenc | nge at f,
31001 hl) <« Huw) ncy (fue) 32//(Tﬂ)=
Impulse 5 e ; :
o - 0.40 \
Response -> 3 ‘- 0.25 ps 820 KHz 8 MHz -79 dB
% s 030 —— Tp=0.25us
2 01= .. — T,-05ps 0.5 us 411 KHz 4 MHz -71 dB
_god — Te=1lO0Kk 1.0 us 205 KHz 2 MHz -68 dB
Tp=2.0pus
100 "“‘;}’,2 o 108 2.0 ps 102KHz 1 MHz -66 dB .

Frequency [Hz]




Noise minimization strategy

2 1 : : : . . .

ENC? = (C, + C. A v2— 4+ A-K- |+ A i%T (Sum of white series noise, 1/f series noise and parallel noise

( d m) wen T, I pnep components)
C, +C,)*
2 ( d g o
EN Cf - Kf C Nf = Cg = Cq | . Input stage transistor sized to have C, ~

g nput transistor . . .

implemented with 40 pF, optimal choice for minimizing

, (Cq +C4)* 1 30 copies of noise with Cye ~ 150 pF with given

ENCy, = 4kgTnya,, C Nf = Cg = § Ca transistors of power budget
gm( g) width of 20 pm

and 40 fingers

* Input stage transistors for A,

Minimum Input Input transistor W e T . . . .
allowable transistor width T T Reneneee— implemented using thick oxide (2.5 V)
transistor length devices in 65 nm for CHARMS to limit
length leakage current and associated
180 nm 180 nm 270 nm 20 mm parallel noise
(LArASIC) g « Thin oxide device of the same
65 nm 280 nm 400 nm 24 mm E dimensions has a gate leakage current
(CHARMS250) of ~ 20 nA, contributing almost 200
HHHHE electrons to the ENC for 1 us peaking
e time and triangular weighting
””” function!
v
k? Brookhaven | - ~ 219pm
National Laboratary Ref: [1] Angelo Rivetti, Front-End Electronics for Radiation Sensors 10

[2] Veljko Radeka, Signal Processing for Particle Detectors




Single Channel Prototype: CHARMS250V1

CHARMS250V1 prototype block diagram

vdda_1 p8v vdd_1 p8v vddo_1 p8v vdd_1p2v Vss

| |

Temperature sensor :Vref_PTAT (monitor)
> vref (monitor)
Bandgap reference (BGR) [ j Bias module with 7-bit DACs >V bias_cst (monitor)
v A
ext
sda .| 12C-SDA 12C J 12C slave and |—> 12C slave and
(open drain) target channel registers global registers
scl
rst . ) __— >V,
Viest Two-stage N R 1 - >V,
I, charge amplifier > Shaper > AC/DC > SE/SEDC -Vor
Analog channel
CHARMS250V1 prototype layout
Temperature Bandgap Global biasing DACs Analog front-end channel
12C master sensor reference Channel 12C

t Global 12C

1 mm

% A = ) h L~ pmmy  pEgpl  pEmm
v L GENO S o O e (e P OO U D O il f;jsuﬂnﬂ?i"ai‘z"

L:.\ Brookhaven 5 mm
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Submitted for
fabrication in
June 2025;
received in
October 2025.



CHARMS250V1 Characterization Results

Run - - Tnge

Tp(set) = 250ns " Tr=220ns
Charge pulse: 50mV*1.203pF (~60fC) -

— | m

- N WYY 1 B
om0 m o0 T s N N
=t N W 53 s AR |

& _290mv .

Value Mean | Min M S1d Dev
@ Rise Time s No valid edge
& A Time 19675 1968  19.67u

19680 4.978n

R L . 12m

@ Peak-Peak 952mV  955m  S44m  SEEm S -
Mean 6.59mvV __ 6.76m __6.46m S

-—ﬁ;-ﬁ.,_..;_,_'____: j| ®

_. . III l l ' I . ! .‘ 3 ) 3 277" 1o = RT, Ext_Cal=1.203pF, 14mV/fC, 250ns, Gain=12.30 mV/iC

1600 4 — N2, Cali_Cap=0.213pF, 14mV/fC, Gain=12.39 mV/fC

1200

Amplitude / mv

RT vs LN2 at 250ns Tp(set)

o 20 %0 60 80 100 120 140
Injected Charge / fC

No significant gain change at LN2 compared to RT

k:.\ Brookhaven
National Laboratory

Detailed characterization results summarized in Shanshan’s talk



https://indico.cern.ch/event/1545838/

ADC / bit

ADC / bit

Measured peaking times at LN2
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250ns

—e— 10.7 fC, Tr = 220 ns, Tp = 312 ns
—— 21.3fC, Tr=220ns, Tp = 315 ns
31.9 fC, Tr = 220 ns, Tp = 318 ns
42,6 fC, Tr=219 ns, Tp = 312 ns
53.2 fC, Tr = 217 ns, Tp = 309 ns
63.9 fC, Tr = 217 ns, Tp = 310 ns
—— 745fC, Tr=221ns, Tp =312 ns

—
—
——
—

—2000
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time / ns

30000 -

25000 +

20000 4

15000 A

10000 A

5000 -

LN2

—e— 10.7 fC, Tr = 709 ns, Tp = 1052 ns
—e— 21.3fC, Tr = 710 ns, Tp = 1058 ns
—e— 31.9fC, Tr = 711 ns, Tp = 1064 ns
—e— 42.6 fC, Tr = 712 ns, Tp = 1061 ns
53.2 fC, Tr = 714 ns, Tp = 1062 ns
63.9 fC, Tr = 719 ns, Tp = 1066 ns

T T T
1000 2000 3000

ADC / bit

ADC / bit

10.7 fC, Tr = 379 ns, Tp = 558 ns

e

30000 —— 21.3fC, Tr = 380 ns, Tp = 560 ns

L N2 —— 31.9 fC, Tr = 380 ns, Tp = 560 ns

—e— 42.6 fC, Tr = 381 ns, Tp = 560 ns

—e— 53.2 fC, Tr = 380 ns, Tp = 560 ns

25000 4 —— 63.9fC, Tr = 376 ns, Tp = 559 ns
20000 A
15000 -

1 500
5000 -
04
—2000 —-1000 1000 2000 3000
time / ns

—— 10.7 fC, Tr = 1387 ns, Tp = 2061 ns

LN2 —e— 21.3 fC, Tr = 1390 ns, Tp = 2082 ns

30000 + —e— 31.9fC, Tr = 1390 ns, Tp = 2071 ns

—e— 42.6 fC, Tr = 1389 ns, Tp = 2078 ns

2000 nS —e— 53,2 fC, Tr = 1388 ns, Tp = 2084 ns

25000 4 —— 63.9 fC, Tr = 1416 ns, Tp = 2085 ns
20000 1
15000 -
10000 -
5000 A

0
{,
o4 3
T T T T T
—2000 -1000 1000 2000 3000 12
time / ns

Tr: 10%-90% amplitude
Tp: 5% to peak amplitude
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Pulse response comparison at RT and LN2

—e— 10.7 fC, Tr = 664 ns, Tp = 989 ns
35000 —+— 21.3fC, Tr = 660 ns, Tp = 986 ns
RT —e— 31.9fC, Tr =661 ns, Tp = 987 ns
—e— 42.6 fC, Tr = 660 ns, Tp = 988 ns
30000 4 —— 53.2fC, Tr = 663 ns, Tp = 985 ns
—e— 63.9 fC, Tr = 660 ns, Tp =983 ns
25000
. o 20000 =
- Q — o
Gain: 14 mV/fC : INL = 0.16 % FS
<
Tp . 1 IJ S 15000 A
10000 A
5000 -
oA
~2000 ~1000 1000 2000 3000
time / ns
35000
—e— 10.7 fC, Tr = 211 ns, Tp = 304 ns
—e— 21.3fC, Tr =210 ns, Tp = 303 ns
—e— 31.9 fC, Tr = 208 ns, Tp = 300 ns
30000 A
—e— 42.6 fC, Tr = 207 ns, Tp = 298 ns
—— 53.2 fC, Tr = 208 ns, Tp = 300 ns
—e— 63.9 fC, Tr = 206 ns, Tp = 298 ns
Gain: 14 mV/iiC |
T . 250 ns 20000 - RT
. = .
z G =11.9 e-/bit
Q .
. INL = 0.15 %FS
=0.15%
10000 -
5000 4
OA
—-2000 -1000 0 1000 2000 3000

time / ns

ADC / bit

—— 10.7 fC, Tr = 709 ns, Tp = 1052 ns
—+— 21.3fC,Tr=710ns, Tp = 1058 ns
200001 LN2 —— 31.9fC, Tr = 711 ns, Tp = 1064 ns
—e— 42.6 fC, Tr =712 ns, Tp = 1061 ns
—e— 53,2 fC, Tr = 714 ns, Tp = 1062 ns
25000 4 —— 63.9fC, Tr = 719 ns, Tp = 1066 ns
G =12.6 e-/bit
5 INL =0.61 % FS
8 15000 4
<
10000 -
5000
04
~2000 ~1000 0 1000 2000 3000
time /ns
% —e— 10.7 fC, Tr = 220 ns, Tp = 312 ns
\ —— 21.3fC, Tr=1220ns, Tp = 315 ns
30000 ¢t —e— 31.9fC, Tr =220 ns, Tp = 318 ns
1 —— 42.6fC, Tr=219ns, Tp = 312 ns
—e— 53,2 fC, Tr = 217 ns, Tp = 309 ns
—e— 63.9fC, Tr = 217 ns, Tp = 310 ns
25000 4 —e— 745fC,Tr=221ns, Tp =312 ns
20000 - LN2
15000 + 0
INL = 0.21 %FS
10000
5000 -+
0-
—2000 -1000 0 1000 2000 3000
time / ns




Measured ENC at RT and LN2 (Gain: 14 mV/fC)

3000 3000
—— CHARMS power off (ADC noise) —»— CHARMS power off (ADC noise)
—— Cd =0pF —»— Cd = 0 pF
—« Cd = 50 pF —« Cd =50 pF
2500 + —— Cd = 100 pF 2500 —— Cd = 100 pF
RT —— Cd = 150 pF — Cd = 150 pF
— Cd = 200 pF LN2 —— Cd = 200 pF
2000 A 2000 A
g 1500 A \\ S 1500 -
& i
1000 A E&\L e 1000 A -\.\
WJ’—_’. \
500 500 M ﬁ;
.\F\ =
0 T T - T T T T 0 F— - T = T T T 2
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00
Shape time / us Shape time / us
RT 14mV/fC LN2 14mV/fC
Cd 250ns 500ns 1lus 2us Cd 250ns 500ns 1lus 2us
ADC 36 35 34 34 ADC 26 24 24 24
& 0 986 841 770 836 0 369 300 240 289
— 50 1260 | 1037 958 936 50 513 422 327 317
Mica caps as Cd 100 1579 | 1270 | 1077 | 1019 100 672 518 461 439
" Brookhaven' 150 1942 1516 1231 1125 150 828 650 564 510
L' National Laboratory 200 2253 1753 1399 1193 200 985 799 649 610 17
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CHARMS250V1 Noise Projection and Test Summary

1800

1600 -

1400

s)

1200 -

ENC (electrons r.m
o
N H (2] (o] =3
o o o o (=3
o o o o o

o

target at 90K

T T
—=—T=300K
——T=77K

C,.,=220pF

!

measured

/\ simulated whole front-end

I simulated input MOSFET

o

L L L
1 2 3
Peaking Time (ps)

ENC vs Cd (linear fit)

Noise (ENC) in FE ASIC vs temperature and
peaking time of the anti-aliasing filter
White series noise which is dominant at
short peaking times decreases the most
with temperature.
The remaining noise is dominated by 1/f
noise, which is independent of the peaking
time.

ENC vs Cd (linear fit)

CHARMS250V1 meets most design expectations:

<10 mW per channel: preamplifier + shaper ~
5.5 mW (from simulation) + other blocks
(biasing, BGR, DAC etc.)

« Works at 77K (-196 °C) — 300K
« Excellent noise performance at cold

« Good peaking time and linearity (some non-
linearity in response seen for large charges at

LNZ2; currently being debugged and understood)
Peaking Time 250ns 500ns 1000ns 2000ns
RT 6.4 4.6 3.1 1.8
LN2 3.1 2.5 2.1 1.9

Noise Projection (e-/pF)

L:.\ Brookhaven
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Extending the dynamic range
of CHARMS250 to 10 pC
(CHARMS250V2A and
CHARMS250V2B)




Updates needed for extending the dynamic range to 10 pC for ALLEGRO

% Charge Ampilifier 2
Yaa - Voo arge-(C;nz[; mer 5th Order Semi-Gaussian Shaping Filter ACorDC Output
el ., IE;llrps Vg Coupling Buffer
{1x} {20x}
R, Stage 1 Stage 3 Vi
Va
ﬁﬂ J.C |m1—0 A, v‘"ﬁi M4 R, Vopioce _ Sshprove  Vom
{1x} {20x) : {3x, 5%, 9x, 16x} ||l 4C . .
Qi V. | v I 11 sz ?mZ V. R, Caz Sqc .
x A out1 I M., v 1u —%V: _A Vsdl ,\5\} I_./|_ ) S
"a lIRQI’ L P Ve I c
in Jﬂ| 6 L c ?-\‘,’ > Voo
vleaﬂ @m R1 Vcasn /@“ I 2 L :' Ssedc V,,
L = ([Jg [E— T T
- Charge Amplifier 1 E“} gl 'E °
(CA1) = — —
Amplification Filtering Output
drive
» Current front-end designed to process charges up to 300 fC, CA, charge gain = 20, minimum CA,, charge gain = 3
« Cy ~1pF, Cs, ~8pF, So for 300 fC Q,,, V4 swing is ~ (300 fC/1pF) = 300 mV and V,, swing is ~ (300 x 20 fC/8 pF) = 750 mV
» For larger values of Q;,, V.4 starts to saturate — We need to increase C;, (by 30x for ~30x increase in input charge range)
+ By simply increasing Cf1, front-end saturation up to 10 pC can be prevented, but noise increases by 10x or more
L:.\ Brookhaven
National Laboratory 18




CHARMS250V2A: Dual
parallel gain paths




CHARMS250V2A (Dual parallel gain paths) architecture

 Two parallel gain and shaping filter paths, combined ac-dc coupling and output buffer

>
Y 7l 1.2 mw
4.5 mW 0.3 mW \
c, High gainc_, l 1
xp T 2o L Charge Amplifier 2 (CA2)
c°1 A Voutt Charge gain: programmable Shaper stage 1 Shaper stage 2 Shaper stage 3 &
200 pF (3%, 5x, 9x, 16x) Vi V.1 V31 v
Charge Amplifier 1 (CA1) v,
Qin v53 AC or.DC Output buffers
cinL | _ coupling v
I (;I-,,Low‘galn Cmi on
o2 5 {204 L Charge Amplifier 2 (CA'2) V. , V ) vs32
c . s s
| AL V'outt Charge gain: fixed Shaper stage 1 Shaper stage 2 Shaper stage 3 e
60 pF (3x)
Charge Amplifier 1' (CA'1) \
0.7 mW 0.3 mW Y

1.2 mW
* High gain path optimized for low noise; low gain path (note lower power consumption) output has higher noise but

allows high dynamic range
« With Cin = 200 pF, Cc1 = 200 pF, Cc2 = 60 pF, charge coupled to the two paths:
« Q1 =Qin* Cc1/(Cin + Cc1 + Cc2) = 0.43*Qin, Q2 = Qin * Cc2/(Cin + Cc1 + Cc2) = 0.13*Qin
» Possible to optimize noise further by tuning charge split ratio and CA1 gain

¢ Brookhaven
C 20
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CHARMS250V2A transfer characteristics

Input charge vs. output amplitude
1.3

1.2
1.1 Gain Gain value

1.0 setting
0.9 index

0.8 1 11.3 mV/fC 125fC
07 6.3 MVIfC 220 fC
o 33mVAC 430 fC
04 2mVAC 700 fC
0.12 mVAC  11.6 pC

0.3
0.2
0.1
0.0
-0.1

Output amplitude (V)

o b WODN

L:.\ Brookhaven
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Transient response for CHARMS250V2A

Input charges from 10 fC — 500 fC, gain index: 4 Input charges from 1 pC — 10 pC, gain index: 5

1.32 1.957 - e
S S E \\
> ] ; ] \\\
1 __ High gain path A - Vs31 ] _High gain path D N L
8§ 0.057p33-
E s
N - > -
e 1 Low gain path Vss2 1 Low gain path Vs32
¥ 1.5225 - "
2135 3394
£ S ]
> ] i > 1 .
:Comblned shaper outpu Vss3 Combined shaper output Vs3
0,2- 0.097p58 1 =
2 0.0 ]Gain selection switch Vsw S :
- o Gair selection switch Vo
T TC . S — ——— S S ———— Sm—— A — R [ R — —— 2 R P s S S S
9.0 10.0 11.0 12.0 13.0 9.0 10.0 11.0 12.0 13.0

time (us)

National Laboratory
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Noise for CHARMS250V2A, peaking time = 250 ns (RT)

C., = 400 pF, Q;, = 100 fC
C., = 200 pF, Q;, = 100 fC

350.0
= '300.0
< 350.0 E
> i ENC =3375e- v : High gain pat _L/s:n
250.0'4 High gain pa - T S
230.0 ) S225.0
S E ENC = 36075 e-
£22507 ENC =24885 e- Vesz > o : "
> i 220.0 7 i X Wo A ot SRS Bt Maien. o
220.0 .- e . XA ~ l 7.' , _ = o L \ —¢.~ . ; N :‘- : _, ;i & -'v. s " = 8
] : 350.0
=350.0- 23000
E = Ves
2 ] Vs 250.0
250.0 - ; ;
o.'o"”"'"310”'""'éfd""'"ét.'ld"'(”)"{é.b'"""1'54.6"""'1'6.6""' o.'o"”""'sfd"""'éfd"""'ét.'gn;'(l;;)”1'2'.b'"""1'5'.6'"""1'8'.6""'
me (us
Corresponding SNR for: Corresponding SNR for:
k}\ Brookhavert MIP (4 fC):~8 - MIP(4fC):~5
National Laboratore G ain transition point (700 fC): ~176 « Gain transition point (700 fC): ~121
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CHARMS250V2B: Front-end
with dynamic feedback
capacitance switching




Dynamic feedback capacitance switching in CA1 for CHARMS250V2B

Circuitry in red added to original

Ve Ve oy, CHARMS250V1 CA1 circuit:
| ‘ * Initially Cf1 in feedback path, C’f1
M, ]| 1Mz M,
{f} L] disconnected from feedback path
and connected to references
R (equal to amplifier input/output
v_\J 60 A DC potentials):

« If amplifier output (Vout1) crosses
a threshold (Vth), Vsw goes high,
and connects capacitor C’f1 to
amplifier input and output.

Vi o » After some delay (A1), Vsw goes
| s low and C’f1 is disconnected from
'T, ﬂ M“ vor M the feedback path.
i Ry « The compensation capacitor

= network follows a similar
sequence (we need extra

compensation capacitance with
Vi, \ ’& larger feedback capacitance to

/ ». A DT/ make the amplifier loop stable)
sw

L? Brookhaven
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CHARMS250V2B transfer characteristics for charges up to 10 pC

Input charge vs. output amplitude

1.4 700.0
19 650.0
3]
12 600.0
i 550.0 . o
s 500.0 o-© P
0.9 o
450.0 A
0.8 dratata it 5 % »
400.0 !

0.7 - e Vihn =700 mV
0.6 Vi, =700 mV £350.0
0.5 300.0 @
0.4 250.0
033 20004
0.2 150.04 @
0.1

& 100.0
%0 50.03

""""" T 2 S Erv v e @ BRS¢ ol
25 5-0 7-5 10.0 LA I P PR PO G G /e (S [P MR A S S P PO CTRC ISR [ H NS PN B B I P AT | T T
Q (p) 250.0 500.0 750.0
Q (f)
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Noise for CHARMS250V2B, peaking time = 250 ns (RT)

C., = 200 pF, Q,;, = 100 fC C,, = 200 pF, Q;, = 5 pC
0.6 - 1.4 - ”
1.2 1
0.5
E E 1.0 A
~ 0.4 ~ 0.8-
0.6 1
0.3 |
igh.gilh.path ENC = 1890 e- y 0.4 ] - ENC = 41500 e- L y
W Lmtmaﬁaﬁ LmﬂS:;_ ow gaiu pa s3
0.2 o . . e . . 0.21° . . . . . . .
0 5 10 15 20 25 0 2 4 6 8 10 12 14
Time [us] Time [us]

Corresponding SNR for:
« MIP (4 fC): ~13
« Gain transition point (100 fC): 15

Compared to CHARMS250V2A, CHARMS250V2B shows:
" ‘ on high gain path (greater charge coupling, higher overall gain)
G Brookhaven « Higher noise on low gain path (larger 60x feedback capacitance to accommodate o7
charges up to 10 pC in reduced voltage swing of ~1V)




Solution for handling KHz event rates: dynamic Ipq, increase

\fldg Vg Vaa Vg
Mat [y —r Circuitry in green added to
original CHARMS250V1 CA1
circuit:

* For amplifier A1 output
Vout1 higher than a certain
threshold, we add additional
reset current (implemented
as a current DAC with
strength dependent on
Vout1 value)

Vin_ Cot « Additional reset current
| {20x 1] source turned off in steady
i lea Mz state (no increase in steady
Vi (M % state IRQI, no addition of
= I constant parallel noise due

to higher IRQI).

™~ B
_/ LDC* AV _}{\E

L? Brookhaven

National Laboratory
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CHARMS250V2B noise with dynamic reset current
increase, peaking time = 250 ns, C,, = 200 pF (RT)

Qin=5 c
1.4 - L

1.2 -
1.0 7

ENC = 38000 e-

>, 0.8- Q. =100 fC

)]
> 0.6 ENC = 1900 e-

0.4-

0.2- - W

0.0- |
0 25

0 5 10 15 2 30 35
I L:.\ Brookhaven Time [“S]

National Laboratory . . . . . 29
Noise practically unchanged, compared to the case with no dynamic reset current increase
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Summary

CHARMS family of low-noise cryogenic analog front-end ASICs in 65 nm being developed at BNL.
CHARMS250V1 prototype fabricated and characterized at BNL; shows good noise performance down to 77 K.
Two front-end architectures to extend the full-scale input charge range of CHARMS250V1 to 10 pC being developed:

Architecture Dual parallel gain paths Dynamic feedback capacitance switching
# of inputs 2 (if coupling capacitor external) 1

# of outputs 2 (signal, enabled path) 1

ENC (Cin = 200 pF, T, = 250 ns, High gain mode: 3.4k e- High gain mode: 1.9k e-

room temperature) Low gain mode: 24k e- Low gain mode: 40k e-

Power per channel (amplifier + 8.2 mW 6 mW

shaping filter)
Future work includes R&D for CHARMS10 with wide-dynamic range and shortest peaking time down to 10 ns.

LArASIC, CHARMS Reference: P. Mukim et al., "Cryogenic Front-End ASICs for Low-Noise Readout of Charge Signals," in IEEE Transactions on
Circuits and Systems I: Regular Papers, vol. 72, no. 4, pp. 1496-1509, April 2025, doi: 10.1109/TCSI.2024.3506828.

Brookhaven
National Laboratory 30
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LArASIC summary

* LArASIC MPW met all the DUNE requirements
« 24,000 LArASIC chips being deployed in DUNE Phase-|

Far Detectors (2 10kTon LAr Time Projection Chambers  .|E
~ == =3
(TPCs)) 3|
* Final version (P5B) has improved input ESD protection :
compared to P5 -> Achieved ~97% yield at room :
temperature (11] Allllllllll!t.l.l.lllll.llll.
7.2 mm
R 14 - 300K — T,=0.5ps 14 7 K — T,,= 0.5 s
1.2 o 2 ——= Tp=1.0us — =1.0us
= 12 ,___,273;15 — T,=2.0us 12 5293 — r,, 2.0ps
o 101 P ; — Tp=3.0us AN
ain [m — Tp,=0.5us — i
E - G25 [mV/fC] Collz::jﬁng - 10Zs % 10 §1o
= 14 mee Y — T,=2.00ps = 2
E 22 . —T,= 30Zs a) £0° b) £
s 0.4 — T,=1.0ps E £ o
Q o 06 o
5 021 K 2 2
° 0.0 3 04 304
-0.2 0.2 0.2
0 10 20 30 40 50 ARl 00 | i1}
Time [us] e T T e ™ T O . o 2 4 6 8 1 1 1 1
. Time [us] Time [us] LArASIC P5/P5B
Oscilloscope outputs at 77 K M d Kine ti 250 wafers LArASIC production run for
easured peaking times DUNE 75k P5 and 75k P5B chips
. 4s . 8” wafer with 610 LArASICs P5 and
A Brookhaven Very small deviations seen between RT and LNT in the P5A(B) w. increased ESD protection
O Jrtahaldiat measured peaking time and channel gain (< 2%) =




LArASIC measurement results

140004 ° Measured INL = 0.1%
Linear fit
» 12000
210000

ADC output
[e)]
o
o
o

Deviation from linear fit
40
0
20
10
0

Error [bits)

-10
=20
-30

[ 20 40 100

40 60
Input charge [fC]

0 20

40 60 80
Input charge [fC]

High linearity
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0.03' 0.03| 0.03| 0.03| 0.03| 0.03

0.03| 0.03| 0.03| 0.03| 0.03| 0.03
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0.03| 0.03| 0.03| 0.03| 0.03| 0.03
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234567 8910112131415
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1
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stalk
04%)

2.0%
1.8%
1.6%
1.4%
1.2%
r1.0%
r0.8%
r0.6%
F0.4%
r0.2%

=0

Crosstalk / Injection Pulser (Peak-to-Peak Amplitude)

(a)

140U
Ca=0pF —e— 300K
1000 -
Y 800
O
Z 600{ 502 477 487 519
[ o ® . ]
400 -
220 215 214 222
2001 © e 4 g .
01— ; ; ; ; ;
0.5 1.0 1.5 2.0 2.5 3.0
Peaking Time [us]
1400 C, =150 pF
1193 300 K
1200 - — 77K
1000 - 930
& 800- P g
O 605
= : 4
o 600 33 480 463
400 -
200
01— ; ; ; ; ;
0.5 1.0 1.5 2.0 2.5 3.0

Peaking Time [us]

Low noise

Temperature || Baseline || Power consumption (mW)
Buffers SE on | SEDC
off on

300K 200mV || 5.6 9.0 10.7

77K 200mV || 5.3 8.8 10.8

300K 900mV || 5.8 9.5 10.6

77K 900mV || 5.5 9.1 10.5

Power
consumption
33



Charge amplifier design and transient response

A, and A,: 3-stage amplifiers (> 100 dB

Vi Vg Vo Charge Amplifier 2 .
« Charge amplifiers use current- E [T (CA2) gain for each, at both room and LAr
. . V,
mirror based adaptive {1)'3»1 | I f temperatures)
continuous reset (lgq, = 100 Charge gain provided by CSA, = 20
pA, 500 pA, 1 nAor 2 nA) Cr s Charge gain (programmable) provided
. 1lI P i Il =
.« Pole-zero cancellation Ig {3x, 52, AL by CSA, =3 or50r9or 16
implemented in each stage T Ve aYe] g et Y,
P g I,-E URQ/ W ’_i ’
‘. _“lleaﬂ %1 R1 n6
= Charge Amplifier 1 M) i
arge Amplifier 1 | 1
T <
55.0 I;, (Input current) +
50- V... (Amplifier 1 output voltage) |
< 9000 —
E E ; B
> 870.0; 04 |
E 300.0 e
o I, (Amplifier 1 output current) S50 | i
< 10.0- 200.0 I—ﬁ
0.0 150.0 —
004 - : "SR BN SRR S I 100.0 —
2-100.0- I, (Amplifier 2 output current) §
S 2000 ,3 ‘,: | | | | — L , —» 500 —ro
-300.0 | ‘ 20 x16 | Rl 0.0
00 01 02 03 04 05 06 07 08 09 10 0.0 3
time (ms) 0.0 0.2 0.4 0.6 0.8 1.0

L:> Brookhaven

National Laboratory

time (ms)
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Shaping filter design

» Peaking time is programmable (0.25 us — 2 us
Stage 2 Stage 3 J _ _p g_ ( _“ _ bs)
A » Lower series noise with longer shaping times
R;, Rs, * Implemented shaper is a 5" order semi-gaussian
| i filter with complex conjugate poles
2 ] . .
— Cs1 g" « Semi-gaussian shaper has a faster return to
A R, Ry, 32 baseline than a CR-RC" shaping filter
Veetz - v; "C' ) “'v _As Vs3 » Faster tail lowers contribution of parallel noise
5 ref3
=27 U « Symmetric rising and falling edges also helpful for
= mitigating pile-up of events
Component values for CHARMS250 . 'do\‘?f A, ,?\_5 Iare tvxll_?-stage miller compensated
ifferential amplifier
| Resistor | Value (k@) | Capacitor | value (o) | s
o * Viers Veerss Viers S€lected based on output baseline
= Ro 0.3 séttin
S E__,\%\/__ g
b R, (Ry) 7.5 ©; 11.9 il
, 3 <
\ = I_(P) T 1= I= 1< 1< R21, R41! R42 18 Cu (C21) 5.9 :\\\ ,/'/
So S1 S1 S2 S2 ¢S2 Sz L N A
e ’
TR e se N
= - ite N 4 ite
i Rao 36 Cy (C22) 5.5 g 1 seres \\\\ //'/ parallel
Rsz 39 C. (Ca2) 1.13 [ D X
R, = AN fparallel
Vii(s) = =, (s) ——— = ’/ | N parallel +
Sl( ) 2( ) (1 + SC1R1) 1 " //// \\\l/fsenes
. H N
Ry1R41C31(3 : "// o ! \\\
VSZ(S) = _Vsl(s) 1 1 1 1 z 107 1078 10°
s2+5s( + + )+ ‘
R31C31  R31031  Ru1Cyp R31R41C31C31 ) T[s]
? Brookhaven S C ' Ref: Veljko Radeka, Signal
National Laboratory ng (S ) is similar...... Fig. 3. Impulsc responses of the Gaussian flters. Processing for Particle Detectors 35

Ref: S. Ohkawa, M. Yoshizawa, K. Husimi,
Direct svynthesis of the Gaussian filter for nuclear pulse amplifiers.




lin : Input current

I1:
Iz:

27.5

1(uA)

a§

1 (uA)

0755

I (uA)

EELE

vV (mV)

2??63:2

V (V)

456-

V (mV)

108.0-

(CA1) |

27.5+
I 3 i I = 120.0—E
e ] = ]
6237 _ = s
1 z ] i\ | 13949
3 ] 1 < ]
" 0743 2 g
Iz z V I, _ %,
2 ] < k
- E g 3 E
8894 o EETITE
Vsq 3 g ~ V., - ?f‘zﬁ—z
SETE I\ S ]
¥ (R 0,595
3 > il =
_ # ity o 8993 p—— 0483
1 ~200mv //&‘ Vss3 = ] > e s ]
- E - )(,/ L Vs3 = ]
057 L0 B A R 7 P PO O L. LR L L. ) P R PR R P ) (A AR R LN IR PRI PR SR > 15 mv N —— > ]
0.5 d . " 25 3.0 3.5 1064—|]]]]] 0.329 -

e (us) 0.0 2.0 4.0 6.0 8.0 10.
time (us)

©

Analog chain simu

lated impulse response at LArT

vdd

M,
{1}

dd

%ﬁg "

cf1 Em 1

Vdd

. vV
L
e 'vleaﬂ %ni‘

ix} {20%)
A1 vauﬁ M 2
IRQ’
1

Charge Amplif}er 1

Voutz é .
{3x, 5x, 9x, 16x}

I,l gﬁ

Charge Amplifier 2
(CA2)
Vdd

R,

5th Order Semi-Gaussian Shaping Filter

[

g,

Stage 2

Stage 3

Programmable gain
(4.7 mV/fC, 7.8 mV/fC,
14 mV/fC, 25 mV/fC)

Brookhaven

National Laboratory

Programmable peaking
time (0.25 ps, 0.5 us,
1.0 ps, 2.0 ps)

Vs1: Shaper stage 1 output voltage

. Vsz2: Shaper stage 2 output voltage
% } Vg3: Shaper stage 3 output voltage

A 2
Q‘“ Vsq
;.//
KNVSZ
~ 900 mV i Vs3
"""" 10 20 30 a0 50
time (us)

Non-collecting mode
(Bipolar charges with
magnitude 25 fC, 50 fC,
75 fC, 100 fC) 36



Output buffer design — single ended (SE) buffer

150 LA 150 LA 150 UA
Vdd Vdd dd
w Ju
p9 10
|\l|p13 I | J‘ P
M, | Vo i Mes
I T100puA 100pA| T

dd

"Dm @M@T M;ﬁf:

dd

lCc ||l7|p19

Mn1l1

1001A

National Laboratory

L? Brookhaven

3000A Vg

Voo (i,
p:
V,,,,1_| o

100MA  50UA

501A  100UA

jww@vo

—I_{Ewnm

Q = 25 fC, charge gain = 20 x 3, collecting
mode, programmable peaking time 15

320.0 -
310.0 -
300.0 -
290.0 -
280.0 -

_.270.04

>

E 2600

>
250.0 -
240.0 -
230.0 -
220.0 -
210.0-

Based on a folded-cascode current-mirror based
operational transconductance amplifier

Comprises of parallel NMOS and PMOS input pairs
to support rail-to-rail operation

Monticelli class-AB output stage used

High open-loop DC gain (> 110 dB at LArT) ensures
mlnm?al introduction of distortions in the output
signa

Suitable to drive tens of pF of capacitance load
(chip-to-chip trace)

SE Buffer impulse response with 100 pF load

Q = 25 fC, peaking time = 250 ns, non-collecting
mode, programmable charge gain

1.4-
1.3

1.2-
1.1 =
1.0 -
- A\ : v,
0.8 -
0.7 =
0.6 -

vo 0.5+

0.4

v (V)
o
©

200.0 -

0.3

0.0

T 1
80 100 10 20 30 20 50 37

4.0 6.0
time (us) time (us)



Output buffer design — single ended (SEDC) buffer

Main | . - . .
?a) oop « Simpler, more compact and power-efficient compared to resistor or 3-operational

amplifier based SEDC designs

« Circuit implementation similar to SE buffer, but core is fully-differential (inputs
and outputs)

3
T00HA 100pA ||
Vdd vdd

* Noise transferred from common-mode input signal (V,,,) to the output with 6 dB
gain

* Global and local noise filtering implemented for V,,

« Both common-mode and differential paths have hi8h (I\)jaen loop DC voltage
gains (> 110 dB) and comparable bandwidths ( 100 MHz) at LArT

» Helps with crosstalk cancellation

ch vln +
Vin . .
Vi—- +/Z‘ —Von " SEDC Buffer impulse response with 100 pF load
Moo Q = 25 fC, charge gain = 20 x 3, collecting ﬁ; d2e5 f?(’) pfaarlr?r:g;ll:;ni:afsg n:i,nnon-collectmg
_— mode, programmable peaking time » Prog geg
Ry - 5:31:5 v " 1.4+
1 320.0 - 1.2-
= . 300.0- 107 A vop
Per-channel ;280.0- ; ;0.8- L v s
filtering 5260.0 E
, R, R, Vo s &vm > 2400 s
em ol oL Voo Ven 2200 04
l L 200.0
ﬂRW,WrC 5::: [ 1T 1 1855 : 143 2
1 100UA 150pA  150UA 100UA 1.6- \ 1.2+ \
= S 158 $10- /\ v°"
CMFB loop > 1.56- / > 0.8 v
1.54 - 0.6 2 \ [
“~ Brookhaven i T
U x 0.4-
National Laboratory . . ; ; . . 38
0.0 2.0 4.0 S— 6.0 8.0 10.0 SEEAE A A

time (us)



Programmable 5-bit RQl subtraction implemented in
CHARMS250

CH;s !"’L’ !T!
Ly oA A Shaper,|
1 2 buffers ]
‘:T—{ Mn1 ﬁ Mn:!-sub
L
L % m— AN
CH, ‘£|@ ‘ﬁrﬂ
;| A CcA Shaper, |
. 1 2 buffers ]
4T—{ MM ﬁ Mn3-sub
.
S — ta— A\ A
CH Ve Ve
Iy CA CA Shaper,i:
1 : T ‘ 2 buffers ]
4T—{ Mni o i ﬁ Moz.sun
i T
so_”%‘isr_”%i. .. 5’19_{ (1%

W Current DAC

. Global bias block

National Laboratory

L? Brookhaven

Response with different values of Irq

0.3 650.0 3
650.0 600.0 7 /\
600.0 - 550.0 3
550.0 4 500.0 - \
500.0 \
: 450.0 4 \
a0 No Irq, subtraction =
S E£400.04
€ 4000 >
> 350.0 -
350.0 4
300.0 3
300.0 4 Vs3
250.0 3
250.0 :
200.0 4 200.0.3
150.0 4 150.6.3
o0 30 &0 90 120 180 180 00 30 60 90 120 150 180
time (us) time (us)

Baseline drift reduced

Programmable /54, subtraction provides immunity against process
mismatches and layout induced non-ideality

For M,,; and M, 3¢, Operating in deep-subthreshold (/g oc eVes-Vth)amkT)),
variance in at LNT almost 10x higher than at RT

Previously, with fixed /zq, subtraction, even few-millivolts of V difference at
M., and M,5_,, due to IR drop in ground rail was seen to cause subtraction
to become > 20x and make the second stage reset mechanism non-
operational
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Simulated response for full-charge range and linearity

1.73

©

Shaping filter output (V,;) for input charges up T,=0.25 us

to 300 fC for different peaking times o Smulated 14]
— 127 — Llinearfit — 1.2
= =
v 1.0 g 1.0
2 0.8 208
% 0.6 1 [ % 0.6
3 04 \/ 2 0.4
8 0.2 $ \l;l':\ur.-m"jﬂnj 8 0.2

INL = 0.042 % [11.2 bits]
0.0 0.0

0 50 100 150 200 250 300
Input charge [fC]

T,=1.0ps

® Simulated
—— Linear fit

W s a0
Input charge (fc]

INL = 0.014 % [12.8 bits]

0 50 100 150 200 250 300
Input charge [fC]

T,=2.0ps

T,=0.5ps

aad ® Simulated g
E 1.2 1 — Linearfit = -
v 1.0 _; ol
: E
£ 0.8 D
2 2o
S 0.6 % e
§ 0.4 - i o

' INL = 0.021 % [12.2 bits] 3 021
0.0 o

{1 = Linear fit

® Simulated

0 50 100 150 200 250 300
Input charge [fC]

Brookhaven

National Laboratory

INL = 0.006 % [13.9 bits]

0 50 100 150 200 250 300
Input charge [fC]
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Noise (simulated) with C, = 160 pF

Room temperature

1200 - .-. @ lkg:=100 pA (pre-layout)
e =100 st-layout
11001 @ * o ko PA (post-layout)
000 = %
~ 900 1 2,
3 %
S 800 -
w
700 A '--.‘ .......
0 R R
500- '."' :::::: °
veteogs
0.25 0.50 0.75 100 125 150 175 200
Peaking Time [us]

« 60-75% noise contribution is from the input transistor (thermal noise contribution dominates, flicker noise contribution

is less than 5 %)

» These simulations may be too optimistic

k}‘ Brookhaven

National Laboratory

ENC (e-)

400 +

Liquid argon temperature

.._. @ lo:=100 pA (pre-layout)
: ..@- lao =100 pA (post-layout)
350 -
.v .'.C
300 1
250 - . :
... ........
200 1 NG ST S
.................... o
150 q Y L) 14 1 4 14 T — ?
025 050 075 100 125 150 175 200

Peaking Time [us]
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Power Consumption & Preliminary Pulse respons

Trig'd

Single-ended output with single-ended buffer disabled ) i e
\Voltage /mV 10hm /mV __ |current/ mA |Power /mW Tp(Set) = 250ns Tr=220ns
VDDO(R67) 1795 0 0 0.0 Charge pUlse: 50mV*1 203pF (~60fC)
VDD1P1(R69) 1105 0.009 0.009 0.0
VDDA(R60) 1789 1.812 1.812 3.2 |
VDD(R61) 1797 3.204 3.204 5.8
total /mW 5.025 9.0
Single-ended output with single-ended buffer enabled | & .- L‘
Voltage /mV__ [10hm/mV _current/ mA [Power /mW | | @i oie B8 o !
VDDO(R67) 1792 0.785 0.785 1.4] Qs van S tar T i Wi
VDD1P1(R69) 1105 0.009 0.009 0.0 .
VDDA(R60) 1789 1.812 1.812 3.2 00 = A, Ext.cal=1.203pF, 14mVIiC, 250ms, Gain=12.30 mVifC
VDD(R61) 1784 4.697 4.697 8.4 el =R RS Sl R .
total 7.303 13.0 1400
Differential output with SEDC enabled % 1000
Voltage /mV 10hm /mV__|current/ mA |Power /mW i§ 800 -
VDDO(R67) 1790 1.593 1.593 2.9 =
VDD1P1(R69) 1105 0.003 0.003 0.0 o
VDDA(R60) 1789 1.814 1.814 3.2 N RT vs LN2 at 250ns Tp(set)
VDD(R61) 1784 4.974 4.974 8.9 . | | | | | | |
total 8.384 15.0 . = i T — e

<" Brookhaven

National Laboratory

Gain doesn’t change significantly at both warm and cold
7
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® : &= = . Tria'd

Injected charge = 274mV * 0.213pF

Embedded Calibration Capacitor measurement

. yr
Pulse from Generator Ccall J\
A

_ﬂ |— |
AV / | | CSA
| | E [:
c:ref \

| SHAPER
« IfAVis constant |
C,s= 1.203pF |
ref — Ceaii? Crer = Acaii * Aves » / :

C..i is MIM (Metal-Insulator-Metal) capacitor, low temperature coefficient . P v

14-bit ADC
LTC2314
4.0 Msps

5 Qi powe Mow fow jew e
1 mplitude m m m m m
—— RT, Ext_Ccap=1.203pF, Gain=13.11 mV/fC Preak-peak sgzmv  gasm  omam  owam  d3sm OIS ISR [
—— RT, Cali_Cap=0.213pF, Gain=13.12 mV/fC
] :
100 Gain=13.11 mVI/fC 0 I
Cali_cap = 213 fF
1400 - Run : .. = ; Trigd
u
1200 - Injected charge = 50mV * 1.203pF
>
£ 1000 |
2
2
Ei 800 [\
< v
|
600 - “
|
|
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Gain at RT and LN2 (1 ys peaking time)
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CHARMS250V2B response for 200 Hz event rate
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CHARMS250V2B response for 5 KHz event rate
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