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Gated MOde Operatlon univers'tétm

* Continuous refill of bunches (50 Hz)
* Newly injected bunches need some time to cool
down

* Revolution time of 10 us, while detector integration
time is 20 ps
— Noise created by refilled bunches flying
through the detector

Injected
bunches
100 ns apart! Revolution
time 10 ps.

Be”e | | Gated Mode:

* Mechanism to make the detector 'blind' to passing
noisy bunches!

* It has been proven that the DEPFET matrix can be operated in 'blind' (gated) mode
* In this talk, parameter optimization for:

- Minimum dead time, complete noisy charge removal and full physics charge preservation
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HOW dOeS gated mOde Work univers'tétm

Real clear Suppressed clear
Clear voltage high Clear voltage high
Gate voltage low Gate voltage high
clear contact clear contact

external gate

& internal gate

A 0

external gate

internal gate

OOJ

Here: gated mode with read out is used!
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Hybrld 5 Set Up universitétm

 PXD9 small Belle Il type matrix

— 32x64 pixels readout

* Final readout chain
— SwitcherB1.8Gated
— DCDBPipeline
— DHPT1.0
— DHE

hoenig@physik.uni-bonn.de Bonn -31.08.16



DHP prOgramlng universitétﬂ

Gate
Possible to program .
sequence into DHE Eloar SWltCher
memory! S 1S )
DHE adapter makes
DHE adaptercard tlmlrfg the laser
allows to read out this possible
sequence. Conﬁgures
and
o synchronises
Adaptercard DCD

DAC ADC
data data

DHP

Sends Data
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Adapter for DHE verstsy

Adapter card warrants the ability to
display internal veto and trigger
signals!

A trigger signal can be sent to the
pulse generator connected to the
laser.

Laser to €

Possibility to program a sequence to
control precisely how long is
triggered, when gated mode is active
and when to shoot the laser.

Veto out €
FCK out €
Trigger out € ‘
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Normal operation vs gated mode ——

Voltage in V

Normal operation

30 ! ! 5 !
A | — Clear
20

0.30 0.35

0.25

0.15 0.20
Time in ps

0.05 0.10

Short clear pulse is applied after
sampling!
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Gated mode operation

30 ! : ! !

: : —— Clear
20
y 15

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Time in ps

Clear is high except for when the
corresponding gate is read out!
This gate is not shielded while we
read that gate out.
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Time length of one gate -

Gated mode operatio
20 | | | Clear 1 + 15V
| | | == Gatel+15V
60 | | | = Clear 2 - 15V
50 : : : - Gate 2 - 15V
40 L —_—— : ——— nl - — ::
> | | |
£ 30 : : :
g-‘n | | -
3] |
= 20 | I |
- [ [ [
10 e e |
| | |
| | |
0 [ [ [
10 | - 16 Gates, |
_20 | | | |
0.0 0.5 1.0 1.5 2.0 2.5
. . Time 1
The same pixel is read out every 16 HRE RS
s Belle II clock (76.33 MHz):
Time distance can be used to At, — (104.81 + 0.02) ns

calculate the length of one gate!
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DHE memory sequence

universitétbonnl

At the start of the sequence the
DHE receives the signal to expect

DHE trigger

data.

At the same time DHP trigger is
switched on.

At some point gated mode is
enabled by the veto signal. Veto

DHP trigger

Laser is shot twice once during
gated mode and once during Laser

normal readout.

hoenig@physik.uni-bonn.de
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DHE sequence umversitatﬂ

DHE can be programed to follow a sequence, as soon as the gated mode is activated.

*- *-

Frame 1 Frame 2 Frame 3 Frame 4

normal readout
gated readout

In Frame 1 the laser is fired.

In Frame 2 positions where the laser has been shot are checked for non cleared charge.
In Frame 3 the laser is fired again during gated mode.

In Frame 4 it is measured how much charge was injected, despite gated mode shielding.
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DHE Sequelnce (2) univers'tétm

*

S

* x

Frame 1 Frame 2 Frame 3 Frame 4

240 240

gated readout

210 210

180 180

Laser is shot in Frame 1
and Frame 3.

150 150

120 120

Gated mode is activated in
Frame 3 for 7 gates. * | .

920

60 60

30

30

0

o 0 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
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Laser delay measurement sty

DHE trigger DHE trigger

DHP trigger DHP trigger

Veto Veto

Shift laser pulse through veto sequence

Laser Laser

Start with laser pulses before the beginning of the gated mode sequence.
Then delay the laser until it hits in the gated mode sequence.
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What do we expect? . "
universitatbonn

1.) One shoots shortly before the gated mode sequence. The injected charge is
measured twice. Once during gated mode and then again after gated mode.

Yeto

Laser

2.) One shoots during gated mode. The injected charge is hindered from reaching the
internal gate. Thus no signal is measured.

Wetn

}

Laser

3.) One shoots after the gated mode sequence. The signal appears in the next frame.

Wato

Laser

The following measurements contain an offset of 3x8 = 24 GCK, obtained in separate
measurements about laser delay!
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What do we see?

univers'tétbonnl

30

GCK clock = 62.5 MHz
25 V"‘“ H\

20t

Signal in ADU

%=1 @ 1 o0 70 @ 90 100 10
Prelay in GCK
Time required to go into gated mode
(starting when DHE signal is uploaded to

the DHP): Atgate jn = (418 & 14) ns

hoenig@physik.uni-bonn.de

Pixel read out during gated mode operation

Pixel outside of the read out region during
gated mode operation

frame 4 for
different laser

delays!

2[!” h

Signal in ADU

—
[

.|"‘| N
a0 4] 0 ] 8D 0 100 110 120
Prelay n GCK

Time required to go out of gated mode:

Atgate_out — (129 i 13) ns

Bonn - 31.08.16 14



What do we see? . "
universitatbonn

Pixel outside of the read out region during

Pixel read out during gated mode operation gated mode operation
30 . - . 25 . - :
25 \r“‘“ N frame 4 for . U""\
H\ different laser "
ot ] delays!
] o 1.
z A : ,{
=T 5 = '
£ o Sy ’(,e\\-} no
n . S (‘\)‘\ L lﬂok a‘
NE
: L X'S A\S "
gera”
=0 a w0 @ 0 ® 90 100 X\e YW 0 @ 0 @ 90 100 1 1
Prelay in GCK Prelay n GCK

Time required to go into gated mode _ :
(starting when DHE signal is uploaded to Time required to go out of gated mode:

the DHP): Atgate jn = (418 & 14) ns Atgate out = (129 £ 13) ns
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Clear high —gate off measurement (prerequisite)

univers'tétbonnl

real clear suppressed clear

clear voltage high
gate voltage low

clear voltage high
gate voltage high

Complete set of standard voltages:

clear contact clear contact Source: 7000 mV
X
internal gate . Gate off: 3000 mV
®0 Potential wall Gate on: -2500 mV
internal gate height
0 J important! Clear gate: -1000 mV
Clear on: 19000 mV
o Clear off: 6000 mV
Scan of clear low and clear high in search of
optimal performance in both operation modes: High voltage: -70000 mV
Drift: -5000 mV
Gate Off: 2000 - 4500 mV
step size: 500 mV
Clear high: 15000 — 22000 mV
step size: 1000 mV
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With common mode correction

without threshold

Clear high —gate off (outside pixel) shielding p ers'tétm
universi

Laser shot during gated mode
Measured signal [ADU] Shutter efficiency [%]

70

@
=]

N
=]

Gate Off [V]
Gate Off [V]

]
(=]
Shutter efficiency in percent

17 18 19 20 21 15 16 17 18 19 20 21

Clear High [V] Clear High [V]
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Clear high —gate off (outside pixel) charge preservation ) "
universitatbonn

Measured signal with charged injected
before gated mode [ADU]

4.5F

With common mode correction

and threshold of 4 ADU a0
128
E 2l {24 8
= <
O 120 TCU
3 oD
8 30 1
Charge from previous frames 12

remains in the internal gate,
when ClearHigh is set to 18 V.

2.0p

15 16 17 18 19 20 21 22

Clear High [V]
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Gate Off [V]

4.5

4.0

3.5

3.0

2.5

2.0

Existing charge after gated mode [ADU]

Charge preserved b ated mode (on average)

40

36
32
128
)
124 O
<
120 TU
C
.20
(Vp)]
116
12
8
4
16 18 1I9 2ID jl ZIZ 0
Clear High [V]
18



What challenges are there with gated mode? N "
universitatbonn

Frame 1 Frame 2 Frame 3 Frame 4

10

Row number
and time move
upwards!

60

50

a0

No common
mode correction”
active!

20

10

row

0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10

£0 30 40 50860

column
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Clear high —clear low measurement (prerequisite) ) "
universitatbonn

deeppwell  cleargate p-channel

Complete set of standard voltages:

n* clear

Source: 7000 mV

internal gate Gate off: 3000 mV

n bulk Gate on: -2500 mV

How to decrease the pedestal ringing? Clear gate: -1000 mV
Clear on: 19000 mV

Scan of clear low and clear high: Clear off: 6000 mV
Clear low: 2000 — 6000 mV High voltage: ~ -70000 mV
step size: 250 mV Drift: -5000 mV

Clear high: 14000 — 22000 mV
step size: 250 mV
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Clear high — clear low measurement umvers-tatm

1% x*

*

Frame 4

Frame 3

[ ¥ =
Signal [ADC Units]

Clear low N

Signal [ADC Unj

14333 LER00T

200

Following plots are for a pixel
outside of the GM region!

il ]

TR0

Clear high [mY]
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Clear high — clear low measurement(2) umvers]tétm

Occupancy: frame after gated mode

30 Common mode
27 correction enabled
and

threshold is 4 ADU

2.1

ClearLow in Volt
&
Occupancy in percent

14 18
ClearHigh in Volt

) —
- - Occupancy caused by noise (no laser shot) hits in
— Frame 4.

Frame 1 Frame 2 Frame 3

normal readout

gated readout
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Clear high — clear low o '1
noise vs threshold universitatbonn

¥ *

Frame 1 Frame 2 Frame 3

normal readout
gated readout

Occupancy caused by noise hits in Frame 4,
i.e. frame after gated mode (the system had
already some time to cool down).

Starting from a ClearHigh voltage of 19 V
the number of noise hits seems to saturate.

hoenig@physik.uni-bonn.de

Occupancy in percent
= M
E_In o

0.0

Hits due to increased pedestals

. ClearLow: 6\{ GateOff: BV.

— ClearHigh: 18V
= C(learHigh: 19V ||
= C(learHigh: 20V
—— (ClearHigh: 21V | |
—— C(learHigh: 22V

5 10 15 20
Threshold in ADU
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Cool down time universitétﬂ

* *
Blind matrix region (always firing!)
3.0 J _Gated mode sequence length: 7 gates
Frame 1 Frame 2 GCK clock = 62.5 MHz
normal readout
gated readout 2.5

hJ
=)
:

Occupancy caused by a gated mode
sequence of length 7.

=
&

From the start of the gated mode sequence
until occupancy is bellow 1% takes 15 gates.
Subtracting the length of the sequence
leaves 8 gates (~1 ps).

(Not counting time it takes to go in and out 0.5}
of gated mode.)

Occupancy in %

=
[=]
T

1
1

0 10 20 30 40 50 60
Time in gates

hoenig@physik.uni-bonn.de Bonn -31.08.16 24



Cool down time: different gated mode sequence lengths '1
universitatbonn

Occupancy after and during gated mode
ClearHigh: 19V ClearLow: 6V GateOff: 3V

30 Length: 1 gates 30, Length: 2 gates 30 Length: 3 gates 30 Length: 4 gates

¥ *

2.5 2.5] 2.5 2.5
=
E 2.
Frame 1 Frame 2 >
€15 1.5 1.5 15
o
E
~ ~ Y 1.0 1.00 1.0
normal readout 3
0.5 0.5 0.5 0.5
gated readout
055 10 20 30 40 50 &0 00 10 20 30 40 50 &0 B'00 10 20 30 40 50 &0 0.0 10 20 30 40 50 &0

40, Length: 5 gates 50 Length: & gates 30 Length: 7 gates 50 Length: 8 gates

Time until cool down minus length of gated
mode sequence gives on average: ) ! )
0051 7035 40 50 60 mm Dnﬁﬁm 005 1o 70 30 40 50 60
30_Length: 9 gates 50 Length: 10 gates ., Length: 11 gates 30_Length: 12 gates
(6.5 &= 0.9) gates (~839 ns) L . y
The length of the sequence is subtracted .

00 10 20 30 40 50 &0 o0 10 20 30 40 50 &0 B'OU 10 20 30 40 50 &0 o0 10 20 30 40 50 &0
30 Length: 13 gates . Length: 14 gates ., length: 15gates  ,, Length: 16 gates

Leaving out the sequence lengths from 1 to
4 gates in calculation.

15 1.5 1.5 1.5

Occupancy in %
"

0.5 0.5/ 0.5 0.5/

: 10 20 30 40 50 &0 10 20 30 40 50 &0 o 0 10 20 30 40 50 &0 : 10 20 30 40 50 &0
Time in gates Time in gates Time in gates Time in gates
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DHE sequence umversitatﬂ

DHE can be programed to follow a sequence, as soon as the gated mode is activated.

*- *-

Frame 1 Frame 2 Frame 3 Frame 4

normal readout
gated readout

In Frame 1 the laser is fired.

In Frame 2 positions where the laser has been shot are checked for non cleared charge.
In Frame 3 the laser is fired again during gated mode.

In Frame 4 it is measured how much charge was injected, despite gated mode shielding.
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Position dependent scans

universitéitbonnl

How strongly does gated
mode’s performance
depend on the location
where charge is injected?

hoenig@physik.uni-bonn.de

y-position on matrix in pm
increasing column #

Pixel outside of gated region!

- _r h
1200

1000

=3
<3
S

600

B
S
S

200

3000 4000 5000
X-position on matrix in pm
increasing row #

Bonn -31.08.16
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Seed signal (shielding) — laser shot for 4 GCK

univers'tétbonnl

Reference:

Charge measured during normal operation (on average)

How much charge !

was injected, on

average?

y-position on matrix in um

increasing column #

Pixel outside of gated region!

mi

60 -

il

4]
o

I
=)

w
o

[N
o
T

10+

5|0 160 150 260 250 300 350
X-position on matrix in um
increasing row #
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ag

142

136

430

124

Charge measured despite gated mode shielding (on average) 60

70

60

50

a0

30

20

10

Measurement:
How much charge
was measured
despite shielding?

da2

L
w
(=2

Signal in ADU

N
B

50 100 150 200 250 300 350
X-position on matrix in um
increasing row #
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Seed signal (shielding) — laser shot for 4 GCK o "
universitatbonn

GM efficiency Pixel outside of gated region!

100

Measurement:
How much charge
was measured
despite shielding?

70

60

wu

(=]
o
N

L
@
@

Shutter efficiency in percent

y-position on matrix in um
increasing column #

10
76

72

50 100 150 200 2I50 360 350
x-position on matrix in um

EffiCiencySeed =96+6)% increasing row #
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Seed signal (preservation) — laser shot for 4 GCK N "
universitatbonn

Pixel outside of gated region!

Charge preserverd by gated mode (on average) 60 Measurement:

Reference: Charge |nJected into DEPFET (on average)

How much charge 7}
a0
|a2
|36
|0
|

How much charge
= Was preserved

‘ , during gated mode?

was injected, on
average? o}

wu
o
T

B

=]
w
&

Signaloin ADU

w
o
T

y-position on matrix in um
increasing column #
¥

20}
10} I 1
I 100 150 200 250 300 350 50 100 150 200 250 300 350
x position on matrix in um X-position on matrix in um
increasing row # increasing row #
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Seed signal (preservation) — laser shot for 4 GCK N "
universitatbonn

Pixel outside of gated region!

GM efficiency

" Measurement:

How much charge
s Was measured
despite shielding?

70}

60

192

wu
[=]
T

188

y-position on matrix in um
increasing column #

3
Preservation efficiency in percent

10

50 100 150 200 250 300 350
X-position on matrix in um
increasing row #
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Outlook and conclusion - "
universitatbonn

Measurements:

How DEPFET behaves while going in and out of gated mode:
— Pedestal increase due to quick switching of clear signal when going out
of gated mode

How gate off voltage influences shielding efficiency.
- Minimal gate off voltage required

How clear low and clear high influence gated mode performance:
- Gated mode sets an upper limit for clear high

Position dependent performance measurements:
— Differences between pixels, but location where charge is injected inside a pixel

not important

Still needed are position dependent optimization of clear low, clear high and gate off voltage!
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Next step

univers'tétbonnl

Cool down measurement with large matrix using the following set

of optimized voltages

Source: 7000 mV
Gate off: 3000 mV
Gate on: -2500 mV
Clear gate: -1000 mV
Clear on: 19000 mV
Clear off: 6000 mV
High voltage: -70000 mV
Drift: -5000 mV

Minimal pedestal ringing, complete charge preservation and

fully efficient shutter

hoenig@physik.uni-bonn.de
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Thank you
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Cluster signal (shielding) — laser shot for 4 GCK L '1
universitatbonn

Pixel outside of gated region!
GM efficiency

60

1400 I . Measurement:
I How much charge
54
was measured
.. despite shielding?
1000

—42

800

Signal in ADU

N
&

400

18

y-position on matrix in um
increasing column #

200 I
Efficiencycyyste 74+ 12) %

12

Efficiencygaeg =

3000 4000 5000
X-position on matrix in um
increasing row #
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Cluster signal (preservation) — laser shot for 4 GCK o '1
universitatbonn

GM efficiency

1400

1200

3
=]

y-position on matrix in um
increasing column #
8

200

Efficiencycluste

Efficiencygeeq = (101 + 6) %

1000

800 |

Pixel outside of gated region!

60

Measurement:
How much charge
" was measured
.. despite shielding?

—42

Signal in ADU

N
&

113 + 15) ¢

3000 4000 5000
X-position on matrix in um
increasing row #
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Cluster signal (shielding) — laser shot for 2 GCK o "
universitatbonn

GM efficiency Pixel inside of gated region!

0.10

Measurement:
. How much charge
was measured
wdespite shielding?

58050

40.07

10.06

ADC code

58000 | —40.05

10.04

Y —coordinate [moco]

57950 |

1 1 L
20000 20050 20100

X —coordinate [moco]
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Cluster signal (preservation) — laser shot for 2 GCK . "
universitatbonn

Pixel inside of gated region!

% Measurement:

Reference:
How much charge How much charge
was injected, on . was preserved
average? during gated mode?
58050 |
— 41.20
]
O
@)
£
° |, ,ADC code
)
© 58000 |
=
©
| .
@) 1090
]
T
>
0.75
57950 |
0.60

L L L 1 1 L 1
19850 19900 19950 20000 20050 20100 20150

X —coordinate [moco]
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