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Peaking time programmable
between 500 ns and 3 ps

To meet the demands of next generation experiments
-> cryogenic front-end ASICs in 65 nm CMOS

Features

250 ns — 2 ys
peaking time, input
charge range up to
300 fC

Version name
CHARMS250V1

Current status

Single channel ASIC designed,
fabricated and characterized at
77 K, multi-channel ASIC being
designed for MPW submission
in FY27.

CHARMS250V2 250 ns -2 pys
peaking time, input
charge range up to

10 pC

Feasibility studies and
simulations completed, design
advancing towards MPW
submission in FY27.

CHARMS10V1 ~10 ns — 250 ns
peaking time, input
charge range up to

300 fC

Feasibility studies planned in
FY27.

CHARMS10V2 ~10 ns — 250 ns
peaking time, input
charge range up to

10 pC

Feasibility studies planned in
FY27 / FY28.
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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
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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 300 fC, 180 fC, 100 fC, 56 fC

Baseline selection 200 mV (unipolar, collection mode), 900 mV (bipolar, induction mode)
Adaptive reset current 0.1 nA, 0.5nA, 1nA, 2nA

Peaking time 250 ns, 500 ns, 1 s, 2 ys

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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Single Channel Prototype: CHARMS250V1

CHARMS250V1 prototype block diagram

V[da V[vd v[do VddIlpfv \]“
Temperature sensor » Vet PTAT (monitor)
>vref(moniwr)
Bandgap reference (BGR) [ » Bias module with 7-bit DACs
Vexe o 1
ggf‘ = I’c » Channel control |_, Global control
] target and registers and registers
RST e [ [
View Two-stage » Sh > ACIDC [, SE/SEDC >Vop
Qi charge amplifier o S il - *Von
\, Analog_channel
CHARMS250V1 prototype layout
Global control Temperature Bandgap Channel control Bias module
I’C target anq registers ~ sensor  reference and registers with 7-bit DACs Analog channel
EEEREEREEES:Z?

Submitted for
£ fabrication in
- June 2025;

e o . ] received in
EEFEENESE MER! October 2025.
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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]




Charge amplifier design and transient response

Charge amplifiers use current-
mirror based adaptive
continuous reset (lgq, = 100
pA, 500 pA, 1 nAor 2 nA)

Pole-zero cancellation
implemented in each stage

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

Vg Charge Amplifier 2

V. V.
7 # (CA2)
M1 ]| (M, Yoa
{1x}

gain for each, at both room and LAr
temperatures)

Charge gain provided by CSA, = 20
Charge gain (programmable) provided
by CSA, =3 or50r9or 16

Cr R .
— | p4 ' .
{1x} {3x, 5x, 9x, 16x}. 2, :
Vv, Vo Tm2 \
I} ot v_i an T vz
’RQI

K Iin :'

] ) l
- “}Ieaﬂ Iﬂni"

In the current design, C;, =~ 1 pF,C;,
~ 8 pF optimized for 300 fC maximum
input charge

= n5
Charge Amplifier 1 1x
(CA1) L™ T

55.0 I;, (Input current) +

50 V,.e: (Amplifier 1 output voltage) g
< 900.0
E ] 350.0 —
> 870.0; |

] 300.0 :
I, (Amplifier 1 output current) =

—_— £250.0 —
$ 100 200.0 —
= 50 3

0.0 150.0 —

0.0 - S— 100.0 —
~-100.04 | I, (Amplifier 2 output current) |
S 20007 | | ' 5 — [ —» 5007 —ro
=t - | | — I

-300.0 - 20 X16 RQI 0.0
00 01 02 03 04 05 06 07 08 09 10 0,0, e A
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Ref: G. De Geronimo et. al., Front-End ASIC for a GEM based Time

Projection Chamber



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
% ’
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
Ry = AN fparallel
Vii(s) = =, (s) ——— = ’/ | N parallel +
Sl( ) 2( ) (1 + SC1R1) 1 " //// \\\l/fsenes
. H N
Ry1R41C31(3 : "// ki ! \\\
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. Impulse responses of the Gaussian flers. Processing for Particle Detectors 10

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




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 11

[2] Veljko Radeka, Signal Processing for Particle Detectors




CHARMS250V1 Characterization Results

Run ~ Tnge

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

& _290mv .
al

1800
= 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
.
1400 4
1200
>
E
~ 1000 4
o
2
Z 800
£
600 1
w001
RT vs LN2 at 250ns Tp(set)
200
0 - -
o 20 %0 60 80 100 120 140

Injected Charge / fC

Test Setup

No significant gain change at liquid nitrogen temperature (LNT)

&\ Brookhaven compared to room temperature (RT) for 14 mV/fC gain
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Measured Pulse R

10.7 fC, Tr = 664 ns

,Tp =989 ns

350001 : 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
G = 11.3 e-/bit
. + 20000
- Q
Gain: 14 mV/fC  : INL = 0.16 % FS
Tp. 1 IJS < 15000 4
10000 4
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
20000~ —— 42.6 fC, Tr = 207 ns, Tp = 298 ns
—e— 53.2fC, Tr = 208 ns, Tp = 300 ns
—e— 63.9 fC, Tr = 206 ns, Tp = 298 ns
. 5000
Gain: 14 mV/fC
Tp 250 ns 20000 RT
. = ]
2 G =11.9 e-/bit
. INL = 0.15 %FS
10000 -
5000 -
Tr: 10%-90% amplitude
. 0, H
Tp: 5% to peak amplitude
~2000 ~1000 1000 2000 3000

time / ns

ADC / bit

esponse Comparison at RT and LNT

—— 10.7 fC, Tr = 709 ns, Tp = 1052 ns
—+— 21.3fC, Tr =710 ns, Tp = 1058 ns
200009 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 —— 63.9fC, Tr = 719 ns, Tp = 1066 ns
G =12.6 e-/bit
5 INL =0.61 % FS
8 15000 4
<
10000 A
5000 A
0
~2000 ~1000 0 1000 2000 3000
time /ns
—e— 10.7 fC, Tr = 220 ns, Tp = 312 ns
—e— 21.3fC,Tr =220 ns, Tp = 315 ns
30000 ¢4t —e— 31.9fC, Tr=220ns, Tp = 318 ns
] —— 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 745fC, Tr=221ns, Tp =312 ns
20000 4 LN2
15000 + 0
INL = 0.21 %FS
10000 +
5000 -+
ol it
—2000 -1000 0 1000 2000 3000
time / ns




Programmable Baseline Adjustment Per Channel

Measured baselines at LNT

Voo Ve Ve Charge Amplifier 2 No Irq subtraction - 19x Irq subtraction
(CA2) 0.321 —e— Ipo=100 pA ' —o— Ipg;=100 pA
M1 ]| {[wpz = 0.30] —*— ror=500 pa = 0.22] —* Inor=500 pA
{1X} 2' ) —o— lggy=1nA ?- ) —o— lgoi=1nA
Egzz lro1=2 NA %0.21 Iroi=2 nA
Cr S~ IS
% b| 023 © 0.20
9 0.22 =
Vx VvV V. © i % 0.19
= , A, out1 ,_| M, z m 0 20- : : ! - o
il |rai 0.181 o——o 0.18-
Vieai] Mn1 R; ¢ 0.25 0.50 1.00 2.00 5B T00 T T
e 1 Reakingitmsjlpe] Peaking time [us]
= | charge Amplifiér 1 e Baseline change reduced from ~140 mV to ~50 mV
(CAY e L Measured baseline as a function of the Izq subtraction factor
R ¥ Current DAC RT LNT
|
| Sy Sy ... Sq9 | —— IRO/ =500 pA 0.16 —— IRO/ =500 pA
_iHH/“ Ly 4| i L i E 0.26 —o— lror=1nA E —o— lror=1nA
: : %0 24 IRQ/=2 nA %014_ IRQ/=2 nA
| - = =4 g™ 80.121
I —— L S 1 2 g
g 0.22 v 0.10
« Digitally programmable CA, Iz, subtraction 2 090 0 0.081 \
implemented' @ @ 0.06 1 %
« Allows independent baseline adjustment per 0.181
channel, preserving headroom and full-scale input 0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
charge range Iror subtraction factor Iros subtraction factor

Higher non-linearity in baseline at LNT due to increased | 14
variability in deep-subthreshold current DAC transistors




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

3000 3000
—— CHARMS power off (ADC noise) —»— CHARMS power off (ADC noise)
—— Cd = 0 pF —— Cd = 0pF
—« 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 -
& &
1000 A E&\L e 1000 A -\.\
WJ’—_’. \
500 500 M ﬁ;
.\F\ =
0 T T - T T T T 0 ¥ A T = T T T *
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 1.75 2.00
Shape time / us Shape time / us
RT 14mV/fC LN2 14mV/fC
Cd 250ns 500ns lus 2us Cd 250ns | 500ns lus 2us
ADC 36 35 34 34 ADC 26 24 24 24
A 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

15

CHARMS250V1 noise at LNT within 10% of the LArASIC noise at LNT for the same C4 and peaking time



CHARMS250V1 Noise Projection, Power Consumption and Test Summary

Measured ENC vs. Cd, RT

Measured ENC vs. Cd, LNT

Power consumption breakdown

3500+ ® T7,=0.25ps, slope = 6.43e-/pF, offset = 960.8e- 1600 ® T,=0.25 us, slope = 3.09e-/pF, offset = 364.0e- CAl
3000 - ® T,=0.50 ps, slope = 4.61e-/pF, offset = 822.8e- 1400 ® T,=0.50 us, slope = 2.45e-/pF, offset = 292.6e-
® T,=1.00ps, slope = 3.06e-/pF, offset = 780.8e- ® T,=1.00 us, slope = 2.11e-/pF, offset = 237.2e- CA2
2500 1 ® T,=2.00 s, slope = 1.81e-/pF, offset = 841 2e- 1200 o T,=2.00 s, slope = 1.67e-/pF, offset = 266.0e- Shaping filter
920001 g 1000 N SE Buffer
@) 800 3 SEDC Buff 6.12
Z 1500 > = urer
w 600 Bias and global DACs
1000 160 san lo.11
500 200 Temperature sensor{| 0.11
0 T T T T T 0 ; i i i i Dlgltal |OgiC (|2C) 0.011
0 50 100 150 200 0 50 100 150 200 .
Detector capacitance [pF i 0 1 2 3 4 5 6 7
p [pF] Detector capacitance [pF] Power consumption [mW]
CHARMS250V1 meets most design expectations:
, , ¢ <10 mW per channel: preamplifier + shaper ~ 5.5 mW (from
Peaking Time 250ns | 500ns | 1000 ns 2000 ns simulation) + other blocks (biasing, BGR, DAC etc.)
« Works at 77K (-196 °C) — 300K
RT 6.4 4.6 3.1 1.8 _
* ENC of 564 e- for 150 pF detector capacitance and 1 us
eaking time at 77 K
LNT 3.1 25 2.1 1.7 peaking time at / o o
* Good peaking time and linearity (some degradation in

Noise Projection (e-/pF)
k:.\ Brookhaven

National Laboratory

linearity seen for large charges at LNT due to non-linear
resistance of CA, gain selection network switches, to be fixed
in next version of the chip)



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) 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 I
T 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 - (3x, 5x, 9x, 16x) vs11 VSZ1 vs31 sw
Charge Amplifier 1 (CA1) v,
Qin v53 AC or DC Output buffers
. coupling
Cin I ¢ ,Low gain c'_, Von
5 {204 L Charge Amplifier 2 (CA'2) V. V. V.
Ce2 v Shaper stage 1 |—S12 Shaper stage 2 S22 Shaper stage 3 $32
i1 A u Charge gain: fixed Vsw
60 pF (3x)
Charge Amplifier 1' (CA'1) \
0.7 mW 0.3 mwW |
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
» We need to read out two signals: amplified charge (voltage) pulse and Vsw (indicating which gain path was selected

¢ Brookhaven
National Laboratory 19




CHARMS250V2A transfer characteristics and simulated noise at RT

Input charge vs. output amplitude T, = 250 ns, Cy4 = 200 pF, Q;, = 100 fC

1.3 ;
1.2 , , , e
Gain setting Charge range 2 R0
al index > 1 ENC=3375e- .
S 10 1 11.3mvAC  125fC < High gain pa sat
— 09
w
3 s 2 6.3 mV/fC 220 fC Y0
S
%- o . 3 3.3 mV/fC 430 fC 5225_0 ENC = 24885 e-
E 0.6 4 2 mV/fC 700 fC o0 S
8 s 5 0.12mVAC  11.6pC
>
2 <350.0
8 0.3 / E
>
0.2 250.0 ;
0.1 | FEAETL PSP SR PR 50 5, o . 7L N PR P R R LS Y 7 S PR R L B L N PR P R LG, P [ L R . PR PR 1) S R P L L LR R AR
/ 0.0 3.0 6.0 9t|2n 5(tib) 12.0 15.0 18.0
004" *
o4 Corresponding SNR for:
o5 R VI © MIP (4C): ~ 8
Q (p) « Gain transition point (700 fC): ~176
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CHARMS250V2AB (Dynamic feedback capacitance switching)

architecture

: | |
M, —] 1 M2 1[Mps

?Im1
{20x} |, |

1)

i lea
vlea;{ M1

— [,
(o] R%

CA1 updated to increase the
feedback capacitance (by ~
60x) when the amplifier A1
output crosses a threshold.
Feedback capacitance
returned to the original 1x
value after a short interval (~
1 ps).

Compensation capacitance
in A1 follows the same
adjustment path as feedback
capacitance to preserve
stability.

After event detection
(threshold crossing)
dynamic non-linear Igq,
increase implemented to
allow baseline to be reset.

Amplifier
A1
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CHARMS250V2B transfer characteristics and simulated noise at RT
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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; multi-
channel CHARMS250V1 so be submitted for fabrication in early 2027.

. 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: 38k e-

Power per channel (amplifier + 8.2 mW 6 mW

shaping filter)
. Both CHARMS250V2A and V2B design prototypes to be fabricated in early 2027.
. Future work includes R&D for CHARMS10 with wide-dynamic range and shortest peaking time down to 10 ns.

L:> Brookhaven
National Laboratory 23
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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

0.03| 0.03| 0.03| 0.03| 0.03| 0.03| 0.02 0.0ZEI 0.02

0.03| 0.03| 0.03| 0.03 0.03‘ 0.03 0.03‘ 0.03| 0.03| 0.02
1 0.03| 0.03| 0.03| 0.03 0‘03" 0.03 0,03. 0.03 0,03I 0.02
0.03| 0.03| 0.03| 0.03 0‘03" 0.02 0,03' 0.03 0,03I 0.02

0.03| 0.03| 0.03| 0.03| 0.03| 0.02| 0.02| 0.03| 0.03| 0.03

0.03| 0.02| 0.03

0.03| 0.03| 0.02 0.05

0.03| 0.03| 0.03 0.08| 0.03
0.08| 0.03| 0.03

0.03| 0.03| 0.03

0.03| 0.03| 0.03| 0.03 0.03‘ 0.03| 0.03| 0.03 0.03
0.03| 0.03| 0.03| 0.03 0.03‘ 0.03 0,03‘ 0.03
0.03| 0.03| 0.03| 0.02 0‘03" 0.03 ’
0.14| 0.03| 0.03| 0.03 0‘03' 0.03| 0.03 0.03
0.03| 0.03| 0.03 ' .

0.01 0.07

0.03| 0.03 0.08| 0.03| 0.03

0.03| 0.03| 0.03 0.06| 0.03| 0.02| 0.03

Aggresor Channel #

0.03| 0.03| 0.02 0.02| 0.06| 0.03| 0.03

0.03| 0.03| 0.03| 0.02
0.03| 0.03| 0.03| 0.03| 0.03
0.03| 0.03| 0.03| 0.03| 0.03| 0.03
0.03‘ 0.03| 0.03| 0.03| 0.03| 0.03
0.03‘ 0.03| 0.03| 0.03| 0.03| 0.02
0.03' 0.03| 0.03| 0.03| 0.03| 0.03

0.03| 0.03| 0.03| 0.03| 0.03| 0.03

0.03| 0.03

0.08| 0.03
0.03| 0.03| 0.03| 0.03| 0.03| 0.03

0.02| 0.03| 0.03| 0.02

234567 8910112131415

0.06

1

0.03| 0.03| 0.03| 0.03| 0.03| 0.03| 0.03
0.02| 0.03| 0.03| 0.03| 0.03| 0.03| 0.03

0

0.03| 0.03| 0.03| 0.03| 0.03| 0.03
0.03| 0.03| 0.03| 0.03| 0.03| 0.03
0.03| 0.03| 0.03| 0.03| 0.03| 0.03

0.03| 0.03| 0.03| 0.02| 0.03| 0.03

0 1 2 3 4 5 6 7 8 9
Victim Channel #

k:.‘ Brookhaven LOW cros

National Laboratory (mea n: 0.

10 11 12 13 14 15

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
25



Output buffer design — single ended (SE) buffer
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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)
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* 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
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Injected charge = 274mV * 0.213pF

Embedded Calibration Capacitor measurement
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