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First prototype

 ECAL analogue FE IC: channel architecture
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First Prototype
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First prototype
[ ICECAL Chlp SiGe BiCMOS 0.35um

AMS 2 mm?
Submitted: June 7t 2010
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First prototype
* ICECAL chip K

Received: October 2010
12 chips

Current | 16| 14 1€ |8 13 1] 1] b | tegrators
preamp SEELREE RS

e s U

227 July 2011 LHCb Upgrade



LHCD

Key tests on the first prototype l“i“

« The purpose of this prototype is to test key points of a novel
circuit idea:
— Input impedance control by current feedback
— Low noise performance
— Dynamic range:
 Linearity

« Also, to test critical aspects of a switched solution:
— Offset between subchannels
— Noise
— “Flatness” of the integrator output
» Effect of the clock jitter versus signal
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Test set-up

4+— 20Q [[ 30Q = 25Q = emulate clipping

ms 50 Ohms impedance
Tektronix TDS7154B
Oscilloscope:
« BW=1.7 GHz
Tektronix AWG2021 « 20 _GS/S
Waveform Generator: e 8 bit
« 250 MS/s o
* 12 bit
=
= ©
T o
Q5
N _:E o
o ICECAL Differential
/N /_\ Probe

IN ouT

Differential probe:
« BW =400 MHz
« Cin=1pF
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Test set-up: linearity

WaveCatcher ° ATTQHUGTO[“:

cro = Better linearity
than AWG (<1%)

= No need for
timing corrections

CHA1

. WaveCatcher:

= Better linearity
than oscilloscope

PC

robe

ouT . PC:

= Automatized
system
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Test set-up

" LHCb Upgrade
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Preamp current offset is integrated
=> Offset at output

Distribution of offset difference between subchannels

B Diff Subch1-Subch2

ABS (Diff Subch1-Subch2)

« With AC coupling between

ICECAL and ADC what really :

matters is the difference between =

the offset of the 2 subchannels L s
«  Well below the 5 % of the full o5 :

Entries

5 % of

dynamicsl
|
l
|
|
|
l
|
l
|
|

scale range (2 V)

0 100

Offset difference [mV]
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Noise: simulation

* Transient noise analysis

30

Sampling*timev’gnlmm5Mim Sampling tirI\e t, 25

. Integrator 1 output 20
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: o 10

Correlated sampling: distributon of V(t,)- ]

V(t,) to remove LF noise .
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Noise
o =0.377 uyv

| 0.78 ADC counts

-0,95-0,74-0,52-0,31 -0,1 0,12 0,33 0,54 0,75 0,97
V(TO0) (mV)

Noise after dynamic pedestal subtraction

rms = 2.29-104 mV

o0=0479 mV
IO[ ADC counts
N I I H o

1,27 -1 -0,73-0,46-0,19 0,09 0,36 0,63 0,9 1,17
V(TO)-V(T2) (MV)
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Noise

* The noise:

. 1,00E-01
— Generate a histogram of the voltage value by the end of the .
¥ 3 o
cycle (from 100 waveforms). SORZ TS : &:
. . . o §
— Gaussian fit => standard deviation ""°°E'°2{ . ;3 ¢ ;:
*
. . ) - *
« Correlated Double Sampling (CDS) « dynamic pedestal = **: ‘ £ ;.
subtraction: 2 200602 & I
. . . . . )4 N .
— LF pick-up noise at measurements (chip connection/socket) %% | i R | M
0,00E+00 %,OOE-OB 4,00§O8 6,00E-Q8 8,00E-08 1,00E-07 ?,20E-07
— without CDS: 1.8 ADC counts 200602 3 ; ks ] %‘
— with CDS: 1.2 ADC counts (=1 ADC count from simulations) e W wiiw!
-6,00E-02
Time [s]
Output fluctuation at different sampling times Output fluctuation sampled with dynamic pedestal subtraction
60 H Value @ TO ' >0
45 @ CDS 50n I
50 M Value @ TO-50 ns 40 B CDS 100n
35
40 - -
" H Value @ TO - 100 w 30
2 g 25
s 30 =
S S0 -
20 - 15
10
10 5
O - 0 B
10-8 -7 -6-5-4-3-2-10123456 7 8 910 10876 5-4-3-2-101234567382910
ADC counts ADC counts
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Input impedance

Waveform
Generator
AWG
2021
50 Ohms 50 Ohms S
=
3
0
SCOPE
TN

10m

g g /

c2

2 //Differential

L ICECAL /\ IP?gir;'a Reflection Coefficients for source, IC
IN ouUT input, and output signals:

Refl. Coeff. = 1st pulse integral / 2nd
pulse integral
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Input impedance

Waveform
Generator

AWG
2021
90 Ohms 50 Ohms

=
3
o]
SCOPE
T

5 _

— ©
53 /
0 ICECAL //Differential
L / Probe

IN ouT
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Input impedance

PCB INT « PCB input circuit with AC coupling with Rp:
PR — Zin a little higher than 50Q
INT_BAR — Rp used to fine tune Zin
AWG sbch — Optimal Rp is between 360 and 390 Q
signal 1UE N > |+ Dynamic variation of input impedance is << 1 %
| ICECAL for full dynamic (50 pC)
50 R « Measurement error for second reflection is quite
S “bel's high for low amplitudes (diff probe noise)
g * Low Refl. Coef. dispersion < 0.5%
Impedance adaptation Histogram of input impedance matching for 12 chips
5 B First Reflection 18 )
4 # Second reflection 16 B l?rst g
- z-.............. . _ .Alnte.gratoroutput 1 082i011% ® int Output
::E 1 . - 12
% 0 . @ 10 -
8 lr‘lAAAA A A A ApAy—4 & b 4 A : E8-4_75=|:943%7—'L99—OWZI—/“ ©
o e e s T v o« * - R
< -2 . 6 -
3 ® * 4
*
5 Rp = 390 Ohm ZH {
5 ‘ ‘ | A 1NN
0,0E+00 1,0E-11 2,0E-11 3,0E-11 4,0E-11 5,0E-11 6,0E-11 7,0E-11 ° 25 2 15 -1 -05 0 05 1 15 2 25
PM delivered charge [C] Area coefficient [%)]

227 July 2011 LHCb Upgrade 15



Linearity

« Relative linearity error
<1%
for the full range (2V)

« Erroris large for very
low amplitude values

vout(v) o Attenuator and

> WaveCatcher offer
better linearity but the
differential probe may
need calibration

Liniearity Error (%)
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Plateau at the integrator output l“m

LHCD

Due to clock jitter, the signal at the output must be stable (<1%) for 4 ns.
Input signal AWG generated similar to clipped.

Method:

— Delay clock signal in 1ns increments

— Use LEMO cable

Relative variation [%]

Effect of time alingment (signal versus clock)

* The output variation is smaller than
1% for about 3 ns delay variation

— Consistent for different signal

~600mVoutput” | « Can be improved using a resistor in

1.2V output parallel to the integrator capacitor
****************** (ICECAL2) s
T T T T T T A

L/ ’ < Out-
In- fé ’_/j_l +Z%

Delay variation [ns]
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Residual Amplification (swit

ch ON resistance

1

0,5
0 t(S)‘
% 0,0E+00 5,0E-08 1,08-07 1,5E-07 2,0E-07
o
= -0,5
—sigljal
1 — residual
Residual Tail of
15 amplificationin  the
reset signal

* The residual amplification in reset is 2%
of the main signal

- Effect of the tail of the signal:

- Caused by the signal tail; due to not
perfect clipping

- Measured 12% of the main signal

22 July 2011
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Measure at 2 points after cycle
with main signal:

- Just after reset period (beginning
of integration period)
- End of integration period (effects of
the tail of the signal)
- Clipping is not perfect
=> small signal tail

Input Signal
0,01
Y —1 e
0 T T T T T
0,00E+0 2,50E- 5,00E- 7,50# 1,00E- |1,25E- 1,50E-
0,01 ¢ 08 08 \08/ 07 07 7
< 0,02
g |
-0,03 \ /
-0,04 I
-0,05
Q, i/ Q. Al
residual > signal Q. Q :
=~ 12-13% signal “residual
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Second Prototype

ECAL analogue FE IC: channel architecture

>

ADC
driver

\ l_\
> TH >
I | " -
\ l_\
7 > TH >
/ /
Current amplifier Switched Track and
(mirrors) integrator Hold
Second Prototype:
ICECALZ2
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Analogue
Multiplexer
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Second Prototype
ICECAL2 Ch|p SiGe BiCMOS 0.35um

AMS 2 mm?
Submitted: June 6t

Current T s 2 2 3 Integrators
preamp - "

Track-and-
Hold
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Second Prototype

3 - JEETIEETE
Clock  _
. =15
Input 2
1033
Ipput s
signal ~
-60.0
1.5

Integrator -

output
2
TH =
output
_lSO 50.0 100 150 200
tire (ns)

[ a4.179ns | 705.34uv
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Summary

 Measurements of the first prototype of the input stage
(preamp+integrator) are about finished

* Principle is ok
» Good results with 12 chips statistics
= Need to study the effect of bias (op. paint) variation
* A second prototype was submitted in June
» |tincludes: preamp + integrator + track-and-hold
» Added a feedback resistor to improve the integrator output stability

 We are preparing a new set-up: AUTOMATIZED IN CAT
* Analog mezzanine including ICECAL+ADC
= Calibrated and programmable attenuators
= 12 bit 500 MHz (3 GS/s) DAQ: WaveCatcher
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Back-up:
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Waveform Generator signal vs. Measured
clipped signal (Anatoli)

Fast pulse (no tail) to measure
reflections

V normalized

V normalized

— Clipped Pulse (Anatoli)

—— Test Pulse

—— Clipped Pulse (Anatoli)

—— Test Pulse
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