Status of SV X4 testing at DG
Kazu Hanagaki / Fermilab

Who isworking? Len Christofek, Marvin Johnson, Andrel
Nomerotski, Petros Rapidis, Mike Utes, and myself.

Major known problems.

» DO operation (i.e. needs FE clock for PRD1).
» Pedestal non-uniformity across the channels;
1) bow or dope, 2) channel to channel variation
» Pedestal non-uniformity across the pipeline
cells.

Some observations on the comparator.
Readout related stuff (frequency scan, double readout...)
Still working on gain and noise measurement.

Checklist based on the specification (afew examples) and
yield test on hybrid.

Summary and plan.




Comparator issue

Signal in the output buffer seems to need some
time to be stable.

comp_rst comp fire

=>» Internal delay depends on the time interval
between comp_rst and when the comparator fires.

=>» Pedestal should depend on thistime interval.
=>» Expect pedestal increase for larger interval.
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pedestal
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Pedestal shift
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time interval (x 132ns)
Between comp_rst and ramp_rst

The behavior iIs
consistent with the
expectation.

NOTE!! What relevant
hereisthetimeinterval
between comp _rst and
when comparator fires,
I.e. longer is more stable.
A setting with higher
pedestal value has longer
time interval internally.
€ the dependenceis
less.



Size of bow
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* The bow disappears after the long time interval. (= after the
comparator reaches the saturation point, or stabilization.)
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Asymmetry of pedestal
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No bow, but slope
exists. ..

All we know isthat the
comparator seemsto
cause the non-uniformity
of pedestal. Tom saysthe
comparator performance
IS not robust by its design,
for example, the
geographical effect.

But we don’t understand
the geographical effect
which really brings the
non-uniformity.



Counts

Dependence on |QUI (comparator bias current)
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Cal poled
P el=ll
Handiwidth=0
Pipe Def=5
InpLst hias=3
Rzt hias=0
Wirite higse?
Read hias=3
Fip= pol=0

Chip ID=3
[ Thr=0
Bias Sel=l
Drreer CM=0
Last chip=1
Read Mhrs=0
Read All=1
Rarnp pal=0
Comp poi=0
Rmp Tnm=0
Threshold=11
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No dependence on the input to ADC?
Slope A

Charge eg. cal_inject
Slope B

pedestal

< >
Timeinterval to be digitized

e Adjust the injection charge so that ADC counts with slope
A Isthe same as the pedestal with slope B.

* When slope A = 2(dope B), for example, the non-
uniformity should be astwice as slope B, if the non-
uniformity comes from the input to ADC. (assuming the
cal_inject isuniform across the channel.)



Channél to channel variation
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e The shapeis consistent each other both visually and
numerically.

=>» No effect from the input.




Frequency Scan for digitization
(thanksto Len for fixing the DAQ problem)

-.xMﬂ'
= ;b RTPS OFF * s @
=
s wmf .
S rmf— Did not
Confirmed = measure
both pedestal - » _ theseregions
& Cal IneCt ””m””m' i
are consl Stent uty e i)
with R a— N
expectation. S 1f KTPSON ™\ Operation
;_ = . @ e _—
% :'5‘0— » o / range
0E - . .
I5|'||||I||||I||||I||||I||||I||||I||||I||||I ||||||||

{1 w20 30 40 50 60 70 A0 9!'3' o
duty cvele(™)

No failure so far =» very large frequency margin!




Frequency Scan for readout

« Lenand Mike worked on the readout frequency scan.

For example,
BE clock = 50MHz —

data

chan. ID
chan. ID

100MHz

12.4MHz

Usual
operation
range

50MHz

v" confirmed by single chip operation.
v



Channel Num w/Cal Inject
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Double readout
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Double Readout as a Function of Frequency
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—&— Three chips on hybrid (All V2)
—m— One chip on stimulus stand V2




Real Time Pedestal Subtraction
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Multi-chip operation

All Chips
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» Read-neighbor works fine with adjacent chip.
 Other configuration bits works OK across the chip.




Galn measurement

BW 10pF 33pF 40pF

léqil;\gloel\n/che)z #electrons/ ADC count

0 877 923

6 936 1009

15 1013 1217
FNAL (latest) #electrons/ ADC count

0 700 679

6 714 849

15 676 1043

o Sl discrepancy.

 Chip dependence, channel dependence, or...

€ needs more work.




€ (no. electr

Noris

Noise (defined as RM S of pedestal distribution)
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For fixed BW setting (=15)
=>» rise time not fixed

@LBL

Tom’'s
frontend

10pF

993

794

20pF

1315

1034

30pF

1637

1434

€ (~500 electrons) of

additional setup noise?
(Note thisis<0.5ADC
counts)



Noise --- continued

For fixed rise time (69ns) by Tom:

ENC = 300 + 41C (2025e @40pF)

cf. thiswas 450 + 43.5C for the front end test chip.

Spec. < 2000e for 40pF @ 100nsrisetime.

=» Tom'’sresult indicates very good noise performance.
(even the LBL result meets the spec.)

Version dependence?

Should not exist, but the purpose of test isto check or

confirm something which should be...

Chip to chip variation?

There seems to exist common mode (or other) noise in the

FNAL setup. We need to solve this to make the noise study

possible.



Rise time measurement by digital info.

 Most of the front-end measurement has been done by Tom
Zimmerman using analog signals. But some can be done
with digitized information. € Thisisimportant as a cross-
check, and for massive tests.

ADC counts
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BW | 10pF | 33pF
0 19.0 | 37.9
1 22.8 | 45.3
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Non-linearity measured by cal_inject

* Non-linearity = ADC(meas) — Expectation(by the fit)
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« Note!! Thisincludes not only ADC but also the front-end.



Data output driver

« Measured the voltage between bus and bus-bar
(differential signal with 1002 termination).

Output driver current
bit | Meas. | design

001 | 5.6mA | 5.6mA
010 | 9.4mA | 9.Z2mA
100 | 13.2mA | 13.4mA

e Also measured the rise time and fall time to be ~3ns.



1. Preamp

Gain 3mV /fC X
Qiformit y 5% dot.er X
lokptertmalce tkopF  50pF X
B ime adjustable foar60-100ns  any allowkehd X
&isstémen t 4bits X
ANt Sl 0e X
Linearity ondespear foulses  ap  20fC. X
Non-linearity < 0.@bpuV. X
dgeamic >200fC X
Reset 4settting time < lus tor  y intoeabdition. X
npdehiation 40fF cagrnal switched to input. 25fF
2. lémp
Baltnge 3t O. X
Guiiformit y 5% channel ¢o hannel. X
B ime 10ns 46ns. X
HNfse atippedinp < 500e X
Linearity ondespear up 204C ippedmp X
drngeamic >40fC pteamp  input. X
Reset time < 20ns fam  y allownditoalition. X
Pedestal uniformity <pbeep tmput hannel ¢o hannel. | X
§503 1747 (10]3) cedl]. failed




3. ADC

Ratap thrita
deaial thrita
Raneprit y
Counter
Differentiadn-linearit

3 bits
4bits
570 tbe ween (hihd  1/V pus
8 it ydeg 106 MHz rate.
y < 0.%B.

X X X X

needs ¢o heck

4. dogpart driver
Current source range 2HmsFapd X
Rise and faltimes >2ns and <4ns. X
Bi-directional Albus pads are I/O for DO. X
Simgel use No exddreineal t. X
5. TN/BN pins
BN/TN des Only active imtlitigize 77
Prioritabag out redikiefiguration input/output
ichuittei pze X
Prior idypsdimg dwo X
Prioritlghing ditigize X




6. Control functions

Radhp

Preamp Reset & Ik

Counter Reset In flemunal

o  Heedd

ter Reset is

In Pynamic edesteloSubtraction
Counter Reset isn ghernadhy:
ays function

k Preamp Reset should

amdemp tly of elo  k state.
PRD1
Il
Tediktrtiguration
Checlffohle Adfopingneters ditter _inject,

eetwl.

Cal_mpsltion
Haredwrigth
Ratap
ciireamp t
Iehpriten t
eiiohe t
Fiipyeth
Driver current
Threshold for sparsification
Counter thdo
Chip ID
s Ubfersttion
Read-neighbo
Read hannel 63
Read hannel 127
Pedestal adjustment
Reversed Polarity

X X X X X X X X X X X X X X X X X




Yield

For all channels and pipeline cells, the following three
Items have been tested on hybrids.

* Pedestal Average pedestal

ADC Counts

* Noise -
e Cal_Inject .
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Yield --- continued

Cal_inject after pedestal subtraction
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o 17 chipstested on the hybrid. 16 seems OK. =» 94%.
(7outof 17isver.2, 10isver.l)



Summary & Plan

Check list going through most of the specification. But not
al of them. = Do we add more? (To do list by Maurice)

The most are within the specification.

The pedestal non-uniformity (across channels) seemsto be
caused by the comparator. Not fully understood yet.

Yield: 16/17 (=94%) < Very preliminary.

» Chip to chip variation (eg. Gain, pedestal)
€ wafer level testing.

» Temperature dependence.
» Yield and long term effect. € on the hybrids.
» Full chain readout test with DO DAQ configuration.
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