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LAUROC or ’AUROCH ? mega

* LAUROC : liquid Argon Upgrade . ’_
Read Out Chip MAiS CEST UNE

_ _ MANE, FAR
« Aurochs ['0:roks ] : extinct species of BELENDS ./
Wild Ox

« Strong and bullish
 [Astérix en Hispanie]
« Suggested by Claude Colledani !
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Context : ATLAS Liquid Argon calorimeter upgrade

« New design to speed up the digitization up to 40MHz and
remove analog memories and obsolete components

« Replace preamps and shapers (and ADCs, SCAs,Glink...)

41 cm

« Hybrid preamps used (OT configuration) - precise input
Impedance .
— Very low noise (~0.4 nV/VHz) i s e
— Large supplies -6 +12 V s | PR S
— Some precision components and uF capacitors
— 3flavours : ‘A, ‘B’, ‘D’
« Shapers used AMS 1.2um BIiCMOS

49 cm
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Preamplifier requirements

Precise input impedance : Z;,= 50 Q (Front) or 25 Q (Middle/Back) to

terminate the cables from the detector

Low noise < 10 Q, with C= 400 pF (Front) or 1.5 nF (Middle/Back)
Current sensitive configuration (large Cd, long duration signal) tp = 50 ns

2 2 - 2
e ENI? =x 5‘# + B2~ where A is a triangle

* 0OT50 400pF: ENI@50ns=55nA, 0T25 1.5nF: ENI@50ns=150nA

« Spec: <120 nAfor 50 Q and ENI <300 nA for 25 Q (pileup
dominating at HL LHC)

Dynamic range:
— Front 50 Q : from 50 nA noise up to 2 mA =40 000 or 15.5 bits
— Middle and back 25 Q : from up 200 mA to 10 mA = 50 000 or 16 bits

Radiation resistance : ~ 1 Mrad

- “Universal” preamplifier with selectable dynamic range

and input impedance (25/50 Ohm)
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LAUROCO overview
» Integrates 8 channels with variants of preamp: PA 25 and 50 Ohms
as well as a preamp 25-50 for which Zin can be selected by SC — R, + Zin(SCB)
_ me 146
* Preamp Input impedance
— Super Common Gate: low input impedance
— Fine tuning of Zin (¥5%) possible with C2 o \ H" _
EW OHOG to Loy e Rf {dvmamic range)
Antisaturation
. [ oui PA HG
* Noise : P on A
- Amplifier = low noise voltage sensitive znscp )~ R 1det
- “Electronica”y COOled” reSiStOI’ 4kTRO super Common Base
(1+1]6])?
. Low noise V ampli.
« HG and LG outputs available : Gm-cne
Discriminator at the output of the LG PA used to short R; and to avoid in_rap L”' L out PA LG
saturation of the HG :
= Zin*ldet*C1/C2

= This system generates some non linearity

= Lauroc1 built around this preamp “PA 25 50" but wo the discri system (=

wo the HG output)
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RO, C2 tunable to set absolute value of Zin
Ci: B-bit fine adjustement of Zin (5%
uzing Slow Control parameters



LAUROC preamp detail

* |nput transistor = 1V NMOS transistor, 3000 pm/ 0.25 um
= Cascode trans: 2.5V NMOS transistor

= Dynamic range adjustable by RO

* Input impedance adjustment by Cf (8 bits)

» Possibilty to tune the current that flows in the input
preamp

- Ibo_pa can be setto 2.5 mA or 5 mA using SC
parameter

- R_bleed: can add 6 mA using SC parameter

CdLT LAUROC TWEPP 2019

ib_sgc

2.5 mA

mega

vdd= 2.5V

SCG

ibo

)2.5 or 5 mA
|

fa s

25V

ON/OFF Rbleed
P out PA
R bleed




LAUROCI1 overview

R2C2_hg 42V
2.5V J 1.2V ’ L 1.2V >
| C1R1_hy °"‘P —AM\ | °""'—"°’ l
g Cadc=20 pF
Low Noise Amplifier " outn A DD HC T
Gain = 20 & =
S Shaper amplifier @Mietek Rz:c:z_;,.g %cwm"
Int PA_Zs:;J"": LG_PA 1.2V =
o R2c2_lg @, R2C2 Ig
2 types of.;r;eamp (selected by SC): —’V\’/\_f‘;
for 5mA dynamic range 2 1.2v ) l1.2 v
for 10 mA dynamic range CIR1_Ig | —AN & "~-~,__f’_ff"'-Lc1 ....... l
—NVW——# Cadc=20 pF
Channel<1:3>: 3 identical channels m e
LA PA follower by HG and LG CRRC2 it lcm=mw
shapers ' 1
R2€2_hg s R2C2_hg
m E/‘\/\/-}— °
2.5V |2V |12V
’ C1R1_hg - TR °""'—"°0
NN —— l Cadc=20 pF
“outp_HGO| T
out_discri ifi i —h R2C2_hg
Shaper anlgmer @Mietek . jmmm
m : R2C2_Ig l
- v~
N 1.2V : l!.ZV
CIR1_Ig o = M °
MN——=# l Cadc=20 pF
_—oun VT e red ]
Channel<4>: "Conservative channel *m ...... =
Using HG and LG outputs o o
=> with discriminator) _T_
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4 channels using the
preamp_25 50 of LaurocO (Zin
tuneable by SC)

— Channel 1, 2 and 3: LG preamp

followed by one CRRC2 HG shaper
and one CRRC2 LG shaper

— Channel 4: conservative channel
using the discriminator and HG and
LG PA for comparison

Preamps followed by CRRC2
shapers built around an amplifier:
designed by Mietek Dabrowski
@BNL

T tuneable between 1.25 ns and 20
ns

d



LAUROCO 25 Q preamp: Simulations of Zin me

sU.U g

Zin simulation

Ry+ Zingp

45.0 3

(@

M2: 1.03435MHz 25.1099V

nce

Zin =

M3: 147 362MHz 27,387V i i C11 + IGI
' [T 6 =-==-3,R,=100Q
) | L C2 1

LSSt S S sEE Tt \ 100 g 270@10A

2 e Zinses =740 = 7140
= 20 @200pA R

i
=]
1

putimpeda
|'

I
o
!3
=

1

-

v

=
|

10 kHz 1 MH o i i i s i s E E E
g 100| MHz . DY S S RS S S S SRS N

(73] =
= 3
I 1
(8]
~1
T J T 1
L 1

0.0 3

10? 10t : Frequency (H Z) 10 10° 10" 26 __'__'_'_ '_'_-__'_'_' I ' -

Impedance flat from 10 kHz to 100 MHz 5A Z-? = 29 Q/4=05Q *

<1 Qvariation versus currentdue to = PN AR ._,-'
Super Common base Zin variation 0" "Toob 7000 3000 4000 5000 8000 7000 8000 3000

Input Current {microA)
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HG 25 Q PA: Equivalent Output Noise

. 250 - series noise
U : 18.4 nV/VHz AKTR, —
Cd=1.4nF (1+G|)? with G=-3
v M13: 34, 7474MHz 18.3822nV/xqrtiHz)
R,=100 Q =>
Bieo Equ. Noise: 0.32 nV/NHz or 6.25Q
E:E:, .R\\\'mr—ltf-::l:l...-mln{; - Rf ( dymamic range)
gwlu o L/H:. out_PA_HG
oo in_PARS h » out PA_LG
10° 10% 10° 108 107 10? 10° 10"
freq (He) \_/ C
:.:*h
// noise dominated by s
R=1K (51%) M
Rgeq =15K (26%) 0.2 bl b 1t ot nhe ofZn
Series noise- = Gain at the output of the preamp = 1K/25=4
R,=100 (43%) = Input Noise:
NMOS ampli (24%) 18.4 nV/40=0.46 nV/AHz or 13 Q

NMOS SCB amp (8%)
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LAUROC1 SETUP

2 setups:

Omega testboard (characterization)

LAL/BNL setup= Injection board (Toy cal. board)+ external Pulser (Larg
Pulse) + DUT + ADC

Measurements performed on scope and using the full chain (with ADC)

The chip size is 2.8 mm x 2.5 mm.

Packaged in a LQFP 100 14*14 package.

CdLT LAUROC TWEPP 2019
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LAUROC1 measurements: Zin vs C2 uniformity and vs freq.

Specification: Zin tunable, 25+ 2.5 Q and 50 Q + 5 Q up to 20 MHz e
g Cuct —v
e |-e— 250 10mA - 250 5mA —a— 500 2mA|
E s
= .
% 36
28.0 —|LAUROC1: Zin measurement 250 5mAM LAUROC1: Zin measurement 25 10mA LAUROC1: Zin measurement 5002 2mA N 344
1 e CH1.®- CH2 v CH3 @ CHY »i CH2 -y CH3 ~@- CH1 - CH2 .- CH3 32
530 /¢ 30
27.0 52.5 A 287
i ; 26 o
52.0 g B
26.0 515 22
-é- B ?5.5— E 20 : . — ; : . . . ‘ - ‘
§ % %ul.u oA 2 3 4 557591 2 3 4 5 6 7 89 4
E 25.0 N N..50.5 Input frequency (MHz)
50.0 s 2
- 1_
24.0 49.5 S 0 —
] 49.0-] é - A
’ 5 27 - 500 ZmE
23.0 48:5 £ 3
I o £ 4 \
‘::" 43.0—_ / N 5
22,0 | G2 (decimal value) ‘ - C2(decimal value) 47.5 , G2 (decimal value)
100 110 120 130 240 245 250 255 260 100 105 110 115
g 3 |- 250 10mA —m— 250 5mA|
S &
o
. . _ < 5
Zin vs C2 (9 bits, LSB = 31.6 fF) for 3 channels ¥
® 2 i
= 1 -
N 0 - >
=
N 2
f 2 3 :l 5 é 7 é é T é 3 4 5 6 7 é é :‘5
01 1 10
Input frequency (MHz)
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LAUROCL1 25 Q 10 mA config: Linearity measurements

pulse amplitude [MmV]

INL [%]

d

Specifications INL < £0.2% on High Gain output
Linearity INL < £20.5% on 80% of Low Gain dynamic range
INL < +23% on the full dynamic range
HG | LG
HG/LG ratio= 24 -
Linearity channel 1hg % Linearity channel 1ig
2000 ; 1r;:neaﬁunerrnent — g 1000 ; :irleaSurement
1000 é
. gain = 3398.37 mV/mA 0 . gain = 141.60 mV/mA
0.5 Y ]
] Attenuator
S - <+0.19
004 _J\ é 00] ~—— INL<+0.1 %
INL<+0.1% =
-5t T -0.5 T T T T T T
W 56 7 ‘w 54
Ie.; ] / V 3 52 \—/\
S 241 h‘“ —— S ] -
2 .
52 ﬂ 30 1
g LA LN AL A L B E RO B HN B B B B I BN B B B I B B B B I B B B B BN B B B B B i T T ! ! ! T T ! T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 4 6 8 10

injected current [mA]
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LAUROC1 50 Q 2 mA config: Linearity measurements

d

Specifications INL < £0.2% on High Gain output
Linearity INL < £20.5% on 80% of Low Gain dynamic range
INL < +23% on the full dynamic range
HG HG/LG ratio= 23 LG
= Linearity channel 1hg _ ]
E 20004 = Linearity channel 1lg
r + measurement + E
= — it w + measurement
- o _
= 1000 - 2 1000 1 fit
E o
o gain = 20739.16 mV/mA a
0 01 : — pr gain = 898.84 mV/mA
E-CLS % ﬂ_l T T T T T T T T T T T T T
] < 05
T _
=~ 00] = — = ]
= ] \/\ S 00 N
=
_D-S T T T T T T T T T T T T T T
'F _'D-S T T T T T T T T T T
= 48] g ]
§ _ < 46 \
— b (=
2 46 \M 3
51 7 4]
g 4‘4 | T T T T T T T T T T T T T T T T T T ﬂ ]
0.00 0.02 0.04 0.06 0.08 0.10 iR t—————————T———
injected current [mA] 000 025 050 075 100 125 150 175 2.00
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XTk (differential) between channels : 25 Q 10 mA config mega

Injection of 400 pAin chl, Xt in Ch 2 and Ch3. Cd= 1.5 nF on all channels

15 |

J.-[CH1 400 pA input signal r : : e .
i [1a2v — 7 - .
] gdL(;.:5:4FH§5Ohm/10mAconﬂg ~ _g::g:;:gg:; (1.42V) : SpeC|f|Cat|On
1 |tp_HG= 45 ns /. —— Shaper HG CH3 - o
Cross-talk <0.5%
) // .
/ S
>0 05 // -
/- Chl. HG diff output @ 400 pA - "~
o
%\\w
x1on T ————
3 50 100 15 200
2 AL I\ LE + L-N\NZ4] VAN WY At y/ M »
Cno. vlrerential Atk (AL " A A T, . .
1 Ly N, ) i ?‘w WMNJ.!” i 2 or e Ch1: HG diff output @ 400 pA
s _:_ MV'\M ¥ [Cha48mv @ min| }J‘J i Wi T ) 1-5__ CH1 400 pA input signal /,./- —— Shaper LG CH1 HG: ( 66.7 mV)
% B Wk XK < UZ 0 . g)diéf:ﬂ?Ohm”o'mA°°”ﬁ9 @\ — Shaper HG CH1: (1.42V)
3 ‘\\ Jr 1 ko Ha=45 ns —— Shaper LG CH2
> 3 / [CH3 2.1 mV @ tmay] o] P — Shaper LG CH3
-4 o g ‘ ‘ =]
5 W\ Vipy .N" [CH2 2.8 mV @ tmax] % \
ot CH26.3 V@ minI\\"V\Pv.'.'l.f\»/'\'jr j ‘ ] g \\‘
' ' ' ' S i . . .
0 _ s . wo > 0F Ch1: Differgntial LG signal \\“x
Ch2: Differential signal (HG) - e
. I ] 10~ T~
S
50 100 150 T 00
1sa0°4 Ch3: Differential Xtk (LG) | LcHetemy
CH3 0.16 MV @ tmay| W\‘W@ I h
1.0 | T \
1 ) i | /. Ho ]
% 0.5 | | L I L‘ ) 1 mr\' I
E 0.0 < T ) | A ] N A \ Y 14 u
U T N R L L
05— T4 Y - V ] V-
__Ch2: Differential Xtk (LG) |4 T RV PP
’ CH2 0.89 MV @ tmax = Y,vuil 7u
: , :
0 50 100 150 200%10™
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ENI vs tp 5-100% (injection of LArg pulses) ! !mega

a0 ENI 250 SpeCification:

T e ot <300 NA @ 1P 5 1005 = 50 ns, Cd=1.5 nF _for 25 Q config
B o b g <120 nA @ tp 51999, = 50 NS, Cd= 330 pF for 50 Q config

350 ® —&— Phase-ll Specification

LAUROCI1 noise: below specification but larger than expected by 20%
] Series noise as expected : e, = 0.45 nV/YHz Ctot=36 pF and parallel
150 1 noise negligible, even with leakage current
100 3|0 4|0 5|0 6|0 '.’ID BID 9|0 100
Peaking time 5-100% (ns) But large 1/f noise (400 e-)
Attributed to dielectric noise in input C1=30 pF MIM capacitor (goes as
ENI 500 4kTwCtand): tand of Si02= 0,002 => 278 e-
120 1 ® —8— LAUROC1 2mA Internal Shaper
2 e ;':::e‘_’l‘f;;efff‘i::ﬁf)ﬂ'y Special channel added in LAuroc2 with external capacitor for C1 to prove it
100 - definitively
80 o
; 60 - -\'
40
20 A
02 5 3|0 3|5 4|0 4|5 5|0 5|5 6ID 6|5 70

Peaking time 5-100% (ns)
cuL 1 LAJROC TWEPP 2019
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Series noise input transistor mega

New layout with minimized bulk contribution
Measured noise now at 0.36 nV/\Hz
close to calculations = 0.3nV (0.56nV before)

3000/0.25 pm transistor at [;=4 mA
Measurement = 2 * theory

Simulation < theory ! Difference corresponds to 0.2 nV/AAHz ~2 Q
series noise noise density 3000/025
0,80
0,75 0,800
0,70
0,700
0,60
old layout
0,50
. 0,500
= ]
g 0,40 i:’ 0,400
d " new layout
G 5
0,30 0,300
theory
0,20 0,200
0,10 0,100
—@—measured = —@—calculated simulated
—8—e_n —®—e_n theor old trans
0,00 0,000
0,000 0,500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 0 1 2 3 4 5 6
Id (mA) Id (mA)
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Input preamp measurement mega

LAUROCI1: Low noise input preamp measured alone as

: vdd
charge preamp followed by external variable CRRC?
— SM
shaper. Cf=1pF _ _ A A éExtermthias
— All current sources switched off : preamp biased externally by out_PA
external RL
~ Noise expected : ENC = 174 e,C,,,//t, (5) @ 166 i,/'t, (5) L
o
— Parallel noise due to Rf =5 M and leakage current, measured =gk
| G=10 nA | y
lll_P‘A\ . AR Ml
C1=30 pF

CdLT LAUROC TWEPP 2019 17



PAC ENC measurement @ ld=4mA meqga

 Good agreement for series noise : e, = 0.45 nV/\Hz Ctot=36 pF vdd
« Parallel noise negligible, even with leakage current oM
« But large unexpected 1/f noise (400 e-)

« At ATLAS shaping (tp = 30 ns) 1/f increases noise by ~20%

% External R bias
out PA

n PA .—l(
ENC LAUROC1 ID=3,5 mA C1=30 pF

1000_‘
N

TN

ENC = 174 e,C,,/ V1, (3) @ 166 i/t ()

—&— measurement
—@—series 0.45 nV 36 pF
1/f
—&— parallel 5M+10 nA
—8— total
total w/o 1/f

ENC (e- rms)

100
10 100 1000

shaping time (ns)

CUL |l LAURUCU T VWEFF ZUlY
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1/f noise origin

« 1/f can originate from the 2 transistors or the MIM cap

* Negligible 1/f measured on input transistor
 1/f at the same level on CH4 which does not have 2.5V cascode

mega

vdd

% External R bias
out PA

= remains dielectric noise in the MIM input capacitor | ,
ll'l_PA.—I\

C1=30 pF

« Confirmed by measurement at small and large currents which shows 1/f

unchanged
— At1mA series noise plotted e, = 0.6 nV/VHz

— At8mAe, =0.35 nV/VHz

ENC LAUROC1 ID=1mA CH1 ENC LAUROC1 Id=8mA (Rbleed on)
1000

2000
200 >/ 100
10 100 1000

10 100 1000

shaping time (ns)

ENC (e- rsm)
ENC (e- rms)

shaping time (ns)

CdLT LAUROC TWEPP 2019
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1/f input transistor alone

« ENC CH4 (1 V cascode)

* |nput transistor alone (from previous run)

« Dielectric noise is parallel noise going as 4kTwCtand

« tand of Si02= 0,002 => 278 e-, not far from the 320 e- given by the fit

ENC LAUROC1 ID=3,5 mA

rms noise 3000/0.25 Id=4mA

0,005

=@—measurement

—8—series

ENC (e- rms)

—@— measurement
—@—series 0.45 nV 36 pF
1/f
—@— parallel 5M+10 nA
—8— total
total w/o 1/f

100
0,0005

10 100 1000
10 100

shaping time (ns)

CdLT LAUROC TWEPP 2019
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Noise summary

Noise measurements on preamp alone show good agreement with theoretical noise

Series noise :

e,=0.6 nVAHz @ 1 mA

e,=0.45nV/NHz @ Id =4 mA

e,=0.35nVAHz @ Id =8 mA

Total capacitance 36 pF : 10% parasitics in MIM + input transistor

Parallel noise :

i = 0.09 pA/NHz due to Rf=5M and 10 nA gate leakage current
Larger than expected but still negligible

But large 1/f contribution

Independant of drain current or cascode type
Not seen on input transistor alone

Attributed to dielectric noise in input 30 pF MIM capacitor (goes as 4kTwCtand): tand of
Si02= 0,002 => 278 e-, not far from the 320 e- given by the fit

Increases series noise by ~20%
Would need a special channel with external capacitor to prove it definitively

CdLT LAUROC TWEPP 2019
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LAUROC conclusion ! !mega

NON ! JE DEMANDE LA

£ZRACE DE CETHOMME
=L -2 ) COURAGELX ET GALAND /

« Good performance for impedance matching and linearity

* Noise models were wrong for large transistors and large
current : go back to BSIM3 model [J. Kaplon]

* Non negligible 1/f noise attributed to MIM caps
* Interesting design lower noise at BNL with fully Sl I A

differential amplifier [ALFE M. Dabrovski et al.] B <3
« Final versions of LAUROC and ALFE submitted in sept. o

~J

7 ACCORDE/
AT JENA ?T?N A
Y SEFUSER A LA

« ATLAS at USC :

ATL

EXPERIMENT
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Waveforms

Name
I

I out_pa_lgl

-l oup_HG1_LowGe
Ml oum_HG1_LowGi

-l oup_LG1_LowGa
L oumn_LG1 LowGa

V (mV)

V (mV)

out_pa_lgl:out_pa Gl0:outp HG1_LowGainPA:outn_HG1_LowGainPA:outp_LG1_LowGainPA:outn_LG1_LowGainPA

e
-
ar

Low gain PA

3]

: HG shaper outputs

LG shaper outputs
— ><_ ———

rime fmal

Laurocl status 3 October 2018
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SIMULATIONS: Channel <1:3>

LG_Preamp 25 50, followed by a low noise amplifier with a gain=20 for the HG path
=> Shaper noise negligible

Dynamic range of the 25 Q preamp tuneable by SC: 5 mA or 10 mA

Cload ADC= 20 pF

Simulations @ T=15 ns

Ratio HG/LG = 25

LG _preamp 25 Q with a dynamic range of 5 mA (tuned by SC), Cd=1.5
nF

— HG path: 250 pA give £ 983 mV, tp= 46.5 ns and ENI= 167 nA

— LG path: 5 mA give £ 988 mV, tp=46 ns

LG _preamp 25 Q with a dynamic range of 10 mA (tuned by SC), Cd=1.5
nF

— HG path: 500 pA give £ 930 mV, tp= 46 ns and ENI= 220 nA

— LG path: 10 mA give £ 920 mV, tp= 46 ns

LG_preamp 50 Q with a dynamic range of 2 mA, Cd=400 pF
— HG path: 75 pA give £ 945 mV, tp= 48 ns and ENI= 53 nA
— LG path: 2 mA give £ 923 mV , tp= 46 ns

Laurocl status 3 October 2018

d
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LAUROC2 LAYOUT (July 8): 3mm x 2 mm mega

1000

QFN or QFP 128 pins

Same pinout for HEC, ALFE and
LAUROC ASICs

B R 11 Pad ring of Lauroc avalable on
: EI | il LARg SOS server

Final ASIC: should be in BGA
package

I

LAUROC IDR N. Seguin-Moreau CERN 2019, 12 July 26



Backup : ALFE [BNL]

I i WU I,

. o _\
J\é ‘imi’:;i_:_
— '\/ L

V

* Input impedance R., = R/(N+1)
* Resistor noise 4kT/R << 4kT/R..

. Very stable termination (R, N indep. of signal current and active components)

* Fully-differential output

CdLT LAUROC TWEPP 2019
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