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r Outline J

 LAr40 overview

 The Cold Electronics System
* Analog Front End

« ADC

« Summary

Other presentations at TIPP 2011 describing LBNE LAr40:

o [412] Membrane cryostat technology and prototyping program
towards kton scale Neutrino detectors, RucinskKi

o [422] Designs of Large Liquid Argon TPCs — from MicroBooNE to
LBNE LAr40, Yu

o [223] Front End Readout Electronics of the MicroBooNE
Experiment, Chen
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Deep Underground Science & Engineering Lab
(DUSEL) in Homestake, South Dakota, USA

LAr40 TPC
2x20 killotonnes

e 7
'New Access Road
&'Portastruc‘ture

Access Membrane cryc
Truss Lid for program towarc

Isolated et — Cryostat

Personnel Membrane
Access
\ Cryostat
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PA Assemblies form TPC modules
in the Cryostat

Unit Cell
TPM = TPC Module
Field Cage Bars =1APA +1CPA
(+1 “terminal”
CPA)
APA = Anode
Plane Assembly

CPA = Cathode
Plane
Assembly

Volume
~ 0.5 x ICARUS
~2 xMicroBooNE

APA CPA

June 11, 2011 Repeat 4




Uveaey
wire planes

June 11. 2011

Cold electronics board

ode Plane Assembly (APA)'
the core element of a T
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Cold Electronics

APAs are
structural and
electrical units
containing all
sense wires and

readout
electronics. They
can be tested in
LN2 and stored
and transported in
shipping
containers.

5

AAAAAAAAAAAAAAAAAA



r TPC - Cold CMOS Electromcs

~ Cavern

Sense Wires

[T

3000 x12 bit
per channel

ADC

16 channel mixed signal
<€ Front End ASIC (x8)

+ Charge amplifier + filter

+ Charge calibration
« ADC

+ Zero-surpression
» Buffering

* Token passing bus

* Register programmable

CM or LV differential

digital signaling
1 Mb/s

128 channel FE
Motheboards

LAr Cryostat

| Nx Redundancy

N:N

8 Mb/s

30:N

/

/

240 Mb/s

| Nx Redundancy

N:N

30:N

/

/
240 Mb/s

Multiplexer/Controller

Optical
or
Copper

128 ch FE MB

ASIC Driver

128 ch FE MB

One APA

June 11, 2011
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Bias
Power
Control

Feedthroughs

Bias
Power
Control
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—

LAr TPC Front-End ASIC

—

Block Diagram

______________________________________________________________

channel register
gain&  peaking time mode &

i |test mode mode coupling bypass
i mode
wire -:i J L J -
i dual-stage charge amplifier filter ac/dc
L A S

------------------------------ <« CK
<« CS
<« DI
' — DO
) ¢

digital

ADC compresswn + buffer interface
12-bit,2 MS/s (LVor CM)

* 16 channels

I m, m

2 = ailll
=~w
I EfLITL

[
-
CIITT

~5mm

» charge amplifier (adj. gain)

* high-order filter (adj. time constant)
+ ac/dc, adjustable baseline

* test capacitor. channel mask

« ADC (12-bit, 2 MS/s)
« compression, discrimination
* multiplexing and digital buffering

« LV or CM digital interface

* pulse generator, analog monitor

* temperature sensor

*LAr environment (> 20 years at 88K)

control logic

v pulserI BGR, bias, temp. sens. req |

» estimated total size ~ 6 x 8 mm?

Illll] I]I(IIIMI'EII
NA

L LABORATORY ~7mm

> .« estimated power ~ 10 mW/channel
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Analog ASIC

Block Diagram

common register | |BGR, common bias, temp. sensor | = . .o
. interface

____________________________________________

channel register

| ltest mode mode coupling | PYP3ss| |
i mode i
i : J L J i analog
wire + outputs
i dual-stage charge amplifier fiter  acldc |
. 16 channels :

* 16 channels
» charge amplifier, high-order filter

+ adjustable gain: 4.7, 7.8, 14, 25 mV/fC

(charge 55, 100, 180, 300 fC)
« adjustable filter time constant
(peaking time 0.5, 1, 2, 3 ps)

» selectable collection/non-collection mode

(baseline 200, 800 mV)
* selectable dc/ac coupling (100pus)

June 11, 2011

gain& = peaking time mode &

il ll\l'tl
LU |
N -5

HI (1] Ili |

wuw /°g

6.0 mm '

* rail-to-rail analog signal processing

* band-gap referenced biasing
 temperature sensor (~ 3mV/°C)

* 136 registers with digital interface

* 5.5 mW/channel (input MOSFET 3.9 mW)
* single MOSFET test structures

+~ 15,000 MOSFETs

v

*designed for room (300K) and cryogenic (77K) operation
* technology CMOS 0.18 ym, 1.8 V

TIPP 2011 — Cold Electronics
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ENC (electrons r.m.s.)

Noise Measurements

Input Line
L=1mm
W=3.5um

Layout Detail

—

Input MOSFET
L=270 nm
W=10 mm

(50pum x 200)
Gm 77k = 90 MS (11 Q)

R0k ©12Q  gp 300k =45 MS (22 Q)

1800 - T - T - T
1600 - —ill— T=300K -
i —@— T=77K
1400 -
C __=220pF
™ DET
1200 Q,,.,=300fC -
I target at 90K
1000 | ----=------- l -
800 -
B measured
600 - ° _
400 |- / 1 (M3+Mm4)
i simulated whole front-end | R,«=3Q
200 | simulated input MOSFET -
i Dynamic Range > 3,000 - 900
O 1 | | 1 |
o 1 2 3

800 -

Peaking Time (us)

Measurements affected by:
700 -

« input line parasitic resistance
*+~150 e-at 77 K (~ 590 e- at 300K)

C (electrons r.m.s.)

Dielectric:
—&— MICA
—¥— NPO

T=77K
C =220pF

+ addressed in next revision dENC = ,/2KTC ,tg? 2 600 [

» C,ydielectric noise (not present in wire) (200 e~ for NPO !
+~60e at77 K ~ 4 ) 00

9 |60 e for MICA o

ASIC revision 2 designed and fabricated, currently being tested

2

Peaking Time (us)
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’ FEE ASIC Evaluation J

MicroBooNE FEE Test Stand Signal Readout Waveforms

4000 : : : : : Crosstalk Measurement

Amplitode [ADC]

Time [ps]
FEE Test Stand for MicroBooNE is operational

=  Full front end electronics chain, from CMOS ASIC to Receiver/ADC
board, data is acquired to PC through FPGA board and Gigabit
Ethernet

= One temporary 32 channel cold cable is available
which has one broken channel

=  Without detector capacitance, noise is ~200e- with 1us peaking time
= Nonlinearity and crosstalk are less than 0.5%

» FEE test stand will be upgraded with the second version of ASICs
and two prototype cold cables, more tests to follow
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Noise Measurement || | Gain & Peaking Time Measurement
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MOS Static Model ‘

10 T T T T T T T T T T 10 T T T T T T T T T T T
I VSV SIMULATED (foundry parameters) CMOS018 MEASURED CMOS018
D DS | — LN : [ —LN :
gl —RT 8l —RT

— 6 _ 6}
< <
£ £
0 _o
4 4}
2 2L
NMOS, L=0.18um, W=10um NMOS, L=0.18um, W=10um
0 L L L 0 1 1 1 1 1
0.0 0.3 0.6 0.9 1.2 1.5 1.8 0.0 0.3 0.6 0.9 1.2 1.5 1.8
Vos [V] Vi V]
101 E T T T T P — I B T — 101 3 T T T T R S— L T
F CMOS018 R =T F CMOS018 S e
IDVSVGS i g ] [ 9, .7
10° - - 10° -
i = =
—. 10" F > —. 10" F > 3
2 S g 5 ]
= Nty SIMULATED ] EE < MEASURED
o 10°F t..' (foundry parameters) 4 > 107 3 t A LN 3
= g/ il LN ' = | & —oRT
E N —_e RT £ N
- 10°EF & E - 10°F £ E
':'\V‘." é” E 5‘\\[ ) ‘ § 3
10" F e E 107 v ;
E ] 2
NMOS, L=0.18uym, W=10um i NMOS, L=0.18um, W=10um
10-5 o N L 1 . 1 . 1 . 10-5 . A 1 R 1 R 1 R 1 R
0.0 0.3 0.6 0.9 1.2 1.5 1.8 0.0 0.3 0.6 0.9 1.2 1.5 1.8
Ves V] Ves V] 12

Some differences in saturation voltage, sub-threshold slope, transconductance E—
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Amplitude [V]

Signal Measurements ‘

' ' ' ' Bandgap Reference
08 L Gain 25 mV/fC _
Peaking time 1us B 1.185 V at 300 °K
T T-300K "R 11164 V at 77 °K
0.6 F —— T=77K 4 variation = 1.8 %
- - Temperature Sensor
04l | _[867.0mV &t 300 °K
™ 1259 .3mV at 77 °K
~2.86 mV/°K
0.2 F - ]
Pole-zero cancellation at 77K
to be addressed in next revision
0.0
1 N 1
-4 -2 0 2 4 6 8
Time [US] B non-collecting mode T
= gain [mV/fC]
© L 25 4
o 14
E 7.8
. - A . A ey 4.7 Peak ti
Adjustable gain, peaking time and baseline g L sakome ksl |
—1.0
2.0
/ - 3.0
. collecting mode
maximum charge 55, 100, 180, 300 fC S S T W—
0 10 20 30 40 50

13 Time [us
[us] BROOKHEVEN



ADC - Architecture ‘

Clockless low power ADC stage
Demonstrated in ASIC for SNS, see De Geronimo, et al., IEEE Trans NSS, 54

(2007) 541
shaped pulse
(current signal 1) \"
] d4 ] d, eo oo dm-za I dm-1
Sa1 Sa2 Sam-1
I V4 Vo Vm-1
So1 dscy Sb2 dsc, Sem-1 S Cma
i1 i2 im_1
Current mode ADC
ADC cell

*dual stage6-MSBs in 150ns, 6-LSBs in 250ns
* single trigger conversion per stage [share
*12-bit resolution

*2 MS/s conversion rate Ll: :‘i

» power dissipation 3.6 mW at 2 MS/s
*power-down option for low rate applications |
ne

» wake up in few tens of ns o
* layout size: 0.23 mm x 1.25 mm

\ g | ! claolgl
= !
3
(2K !
! :
233um @ —
g ppa— 1
S !
o! —>
v 14
2

1252 um
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6mm

ADC - Preliminary Results

16'Chan nel Differential Nonlinearity (OHL) 300 K Inteqgral Monlinearity (IML) Percent
ADC+buffer 9- 2.5~
E‘|_’.-P‘P.[-l._pﬂ[?ﬂF_ﬁ__?- 8 2
: .-:. 7 e
m °
i |=' 5 !
| #
| m 4 0.5
::' H 3
1 |.i 0-
Ll 2
| | -0.5-
|l 1
..... : o- -1-
- Ili : - _
t DI SEIID IU:JD 15ID|:I ZD:JEINZS:JD 30::“] 35:3|:| 4D::I|:I 45::“] _1I5|:|| SO0 1000 1500 2000 2500 3000 3500 4|:|IE|D
EIN
4.3 mm ADC output - 1.4 V sine ADC output - 500mV dc
4500 - 240000 -
4000 £ s 2 d 220000
77 K 2500 -" \l ‘l'l lJr -'Ir 200000
PAL v JI [ 180000
B oo 1IN IRN N e+ o=1,1LSB
S | I ER
= 2000 =
S e g o
L B A A - 1000
1000 1|l J||I Jlr ]Il III| llll =]
500 0 o000
o-l v v 4 U | 40000
u] s00 1000 1500 22000 2500 3000 3407 20000
Tirne
0 ] [} ]
1361 1365 1370 1375 1381
» operation verified at room and cryogenic temperatures B
«differential non-linearity limited by timing design error in control circuit
sintegral non-linearity limited by mismatch (linear - common centroid) 15

ASIC revision being designed, to be fabricated in July BROOKHAUEN



r Conclusions and Future Work J

e CMOS performs better at cryogenic temperatures
 Defined and predictable design for cryogenic T is possible

 Low-noise at cryogenic T demonstrated

« ENC< 1,000 e at 200pF ~5mW/ch.
* characterization and modeling of CMOS 180nm

* Long lifetime at cryogenic T possible with guidelines
* Critical building blocks - front-end & ADC - developed

* Future work
* Improve cryogenic static models
* Optimize ADC
* Merge, add zero-suppression & buffering, and finalize

June 11, 2011 TIPP 2011 — Cold Electronics 16
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~ Cavern

3000 x12 bit
per channel

ADC

T

16 channel mixed signal
<€ Front End ASIC (x8)

* Charge amplifier + filter
* Charge calibration
ADC

Zero-surpression

Buffering
Token passing bus
Register programmable

128:1 LVDS
Token Passing

8 Mb/s

Sense Wires

N Y

(L JOLO D O R (LA L

128 channel FE

Motheboards

LAr Cryostat

| Nx Redundancy
] N:N

8 Mb/s

30:N

/
240 Mb/s

| Nx Redundancy

N:N

30:N

/

128 chFEMB

/
240 Mb/s  Optical
Multiple?sr.;(c:ontroller Co::)er
Driver

AN

128 chFEMB

One APA

June 11, 2011

/
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to
DAQ
A

Bias
Power
Control

Feedthroughs

Bias
Power
Control
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from
inPut to
wire shaper
dual-stage charge amplifier
N,=20 N,=3,5,9,16

dis en —I:
cal.

|
pulse |

Ciny = 180 fF nominal

Integrated injection capacitance (10 x 18 pm?) C =~ {184 fF at 300K
INJ

Disabled (grounded) when unused 183 fF at 77K

Measured with high-precision external capacitance

change ~ 0.5%

BROOKHIATEN
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eDegradation is due to impact ionization

e charge trap in oxide, interface generation - shifti and g,
Source

eSubstrate current is a monitor of impact ionization

e increases with drain voltage
e is higher in short channel devices

* has a maximum at V= Vo/2

-35 I | I I | I

Substrate Current (LA)

nFET
-30 - wiL=10um —
VDS=3.3V
-25 |- T=300K -
S L=0.35um
-15 J. Cressler et al. |
-10 -
0 | MI

0 05 10 15 20 25 3.0

Gate-Source Voltage (V)

Gate

—

T
W/_o oran

n+
o
b1 .
— “ impact

, — .
] il . lonization

P-Substrate

eincreases as the temperature decreases

X 107"

Ve o

o

o ]

Va=Vp

NFET
WYL = 10/1 um/um

5 Vps=33V._ [

J. Cressler et al.

05 1 25

Vas (V)

Commercial technologies are rated 10 years lifetime (10% g, shift) in continuous

ring oscillator operation: T=300K, L=1L

min’

V4 = nominal Vp+5%, V= Vpe/2)

3.5
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Accelerated tests at increased Vgallow extrapolation of lifetime

107
10°
108
107
10°
10°
104
10°
102

Lifetime (s)

0.10

analog circuits

- operate devices at low current density

WxL=10x1 pm x pm
— Stressed under max I, condition

NFET

O0O—0O 300K
O—¢ 200K
A—ABZK

| |
10 year lifetime

vu =3.50V

J. Cressler et al.

0.15

0.20 0.25 0.30
1/ Vpg (VT

Desired lifetimeat low temperature
can be achieved by:

1. decreasing V (e.g. decreasing
the supply voltage)

2. decreasing J,(i.e. decreasing the drain
current density)

3. increasing L (i.e. non-minimum
channel length devices)

0.35

Design guidelines can be obtained for:

- use non-minimum channel length L

digital circuits
- operate devices at -10% of nom. V,
- use non-minimum channel length L

- operate at low clock frequency 01

Accelerated tests at cryogenic temperature are being performed to verify guidelines 'BROOKHAVEN



