Diagnostic tools and
CCD readout optimization
in the first rafts of LSST
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LSST Focal Plane: 21 Camera Science Rafts:
9 CCDs, 12x12 cm footprint

Control and readout of CCDs: Raft
Electronics Board (REB): 3 CCDs, 48 video
channels, 1 FPGA

All in-cryostat

On-board monitoring of DC values
Diagnostic of video channels: ?

Raft Tower
Module
(BNL)



CCD readout: FPGA sequencer

Sequencer block in firmware of FPGA (Stefano Russo):
controls parallel clocks, serial clocks, readout clocks,
including sampling trigger for ADC

functions: linear sequence of clock states

program memory: subroutines, calls to functions
and other subroutines G s e

pointers: storing constants and addresses in
dedicated registers
Scan mode / scope mode: the ADC sampling trigger is
delayed by increments of 10 ns each time it is sent, up [ e e

28000

to 2550 ns. e i -
[functions] [subroutines]
ReadPixel: # Single pixel read windowLine: # Line readout
clocks: RG, S1, s2, Ss3, CL,RST, RD, RU,TRG CALL TransferLine
slices: CALL SerialFlush repeat(@PrecCols)
Times =1, o0, 1, o0, O, O, O, O, 1 CALL ReadPixel repeat (@ReadCols)
Buffers =1, o0 1, 1, O, 1, O, O, O CALL SerialFlush repeat(@PostCols)
Buffers =0, 0 O, 1, O, 1, o0, O, O RTS
220 ns =0, 0 O, 1, 1, 1, o0, O, O
Isol =0, 0 O, 1, O, O, O, O, O ReadFrame: # Readout and acquisition of a CCD frame
RampTime =0, 0 O 1, O, O, 1, O, O JSR FlushLine repeat (@PreRows)
Buffers =0, 1, o0, 1, 0, O, O, O, O CALL StartofImage
IS02 =0, 1, o0, o0, O, O, O, O, O JSR windowLine repeat (@ReadRows)
RampTime =0, 1, o, O, O, O, O, 1, O CALL EndofImage
Buffers =0, 1, 1, o, O, O, O, O, O JSR FlushLine repeat (@PostRows)
constants: P2=1, P3=1 RTS




Note: ADU value increases

CCD readout: REB video chain

ASPIC: Analog Signal Processing IC: amplification (x1.9), differential signal, and
Dual Slope Integration

“Transparent Mode” bypasses the integrator stage: the ASPIC output becomes
a replica of the CCD output

Acquired through the video pipeline, with 18-bit resolution and low noise
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Pixel scan and clocks: Transparent Mode

Raw OS
Integrated
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Scan (ADU)

Pixel scan and clocks: Dual Slope Integration
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Integrated
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Deployment in prototype test stands
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Early adjustments on readout sequences with prototype LSST electronics
Evaluation of the “active flex cable” solution for ITL sensors
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Diagnostic on Engineering Test Unit #2

Issues with excess noise and very high bias levels
Original readout sequence: similar to CCD test stands
Scan mode showed origin of bias: very strong crosstalk
from serial clocks (quantified with “single-clock” scans)

L 90000 _Rebo-B 90000 _Rebo-C
1 80000 1 80000
| 70000 1 70000
| 60000 | /¢! 60000

50000
| 40000}
1 30000 |
20000

10000

.,_V‘ | A : “‘ =
- ‘l Y : | - "‘I 7 H

| A :‘ , : 7 == - ‘

| / ~N 10000l - oo g

‘ 1 1 ’ I

L L L L 1 L L 1 L Il L 1 1 | L
32 64 96 128 160 192 224 0 32 64 96 128 160 192 224 0 32 64 96 128 160 192 224

_Rebl-A 100000 _Rebl-B 100000 _Rebl-C

| 80000 |- 41 80000 -/}

| 0000} ] 60000-]3

1 40000 |2 4 40000 H

20000 p 5§ 20000

)

1 1 1 1 1 1 O
0 32 64 9 128 160 192 224
90000 L 100000 _Reb2-C
1 soooo | ]
1 70000} y 1 80000 -
1 60000 | ]
| s0000| [, | 60000
1 0000 [l A

1 40000 j

1 30000 }{;
20000
10000

20000

1
[/
H f : i
I 3
\ Y B : |
| = U

I L L 2 L
0 32 64 96 128 160 192 224



ETU2 with modified sequence
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Raft Tower Module #1: the road to 2s
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Sequence from ETU2 optimization was 2.39 us/pixel, for a median
noise of 5.9 e- on RTM1

Target to read the nominal frame size in 2s: 1.81 ps/pixel
Iterative tests over noise + checks on gain, CTI

Reached 1.79 us/pixel for a median noise of 6.0 e-
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Raft Tower Module #2
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Super-scan

Limitation of scan mode: time .
140000 'Scopelover Iplxe S.
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Serial transfer: high flux

TransferPixelRG in seg-overp-scanCK.txt
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Serial CTl at high flux ~5ppm
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Dependent on readout timing oo
Scan mode: timing of actual

clock transitions vs sequencer
state transitions

100000

Scan (ADU)

Sequencer states

60000

20000 RG
0 24 48 70 94 118 174 198 230 25

Time increment (10 ns)

Serial CTI: REBS + E2V CéB be nc h test Serial CTl high RTM 3

1.80E-05 DD 4.50€-06

c =
1.60€-05 \ — E —4—CHAN_00 4.00E-06
E . —8—CHAN_01 ‘
1.40€-05 _D
I ) CHAN_02 3.50€-06 I
GJ -CS —>=CHAN_03
1.20€-05
\ c Q —H=CHAN_04 3.00€-06
\ .
1.00€-05 \ \ — J= CHAN_05
\ — o — e CHAN 06 = 25006
= X 5]
§ W\ Q © g
S 8.00E.06 \—\ \ ) @) ——CHAN_07 5 L ooco —+—Baseline
g \ .
“ \ \ (g0} CHAN_08 ~#—Buffers2s3
\
6.00€-06 \ ) E —+—CHAN_09
\ 1.50€-06
\ CHAN_10
4.00E-06 CHAN_11
1.00€-06
CHAN_12
2.00E-06 =
— CHAN_13
—— 5.00€-07
e 3 e CHAN_14
0.00E+00 — et _
@ ! S 7
20 100 120 140 160 180 200 CHAN_15 0.00E400
500 so1 502 510 511 512 520 521 22
-2.00€-06

Timeslice Buffers2s3 (ns) Amplifier



Study of the “bias drift”
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Injecting the CCD reset level

Reset of pixel content with CCD Reset Gate clock: (positive) voltage
jump on the CCD output

RG high as baseline, RG low as “pixel content”

Simulates a pixel with signal ~ 55,000 e- (3% dispersion on E2V
sensor), kTC reset noise (~ 40 e-)
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Serial transfer: low flux

REB channel 8

Serial CTI >5 ppm in a few channels mi e pna

when measured from a ~ 800 e- flat ; 10; lo o pix+2 / |
field § 10' Jo?|o%e o o.#:/
Trapped electrons <10 e- are sufficient £ et o§e 0508

to generate this “CTI” ; 10‘_’ :

Should not affect science data due to m; °
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Parallel transfer

4-phase transfer: overlaps or
crossings?

Smearing of charges near
saturation

Scanning the video channels during
parallel transfers
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Statistics on scan mode frames
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Variations across channels

e Compared here with rough
PTC result

* Low dispersion of injected
charges (see channel 15)

* Noise: 60 ADU ~ 42 e-
e CCD KTC reset noise

* Coherent with CCD pV/e-
gain, which is node capacity
times internal gain

JTC  =138x173%19%107*C = 42¢

-19
Conse = oo =19
5.75%10°V /Gy

=21
Gy = 19x5.75x10 _0.63

1.6x107"
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55291.72
54408.95
56969.59
55524.92
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RTM1: reshuffling the scans

Each plot shows the same channel (position) on different CCDs
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ETUL scan
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ETU1 noise and biases

Raw bias and noise level in ETU1 with new sequencer file
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