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AGIPDO.2: Pixel schematics

AGIPDO0.2 _IICf,low ;

% : Noise contributions

If the noise sources are independ



AGIPDO0.2 (10 SCR)

10 SCR: 10 storage cells statically connected at output of CDS (NO write/read)

AGIPDO0.2 Cf,low

L
L

{,high

Internal v
current ret,0S
~>Only high gain stage

-~ No write/read, only 10 storage cel
output of CDS




AGIPDO.2 (10 SCR): Measurement

AGIPDO0.2 (simpified, 10 storage celis directy coupled with output) No rma |
Start: Preamp, CDS in reset Measurement:
pre_rst ds_swi

—=>Noise contributions:

- Preamp
ds_sw2 - CDS

o Kl - Pixelbuffer
10xC sc

i

current ref,DS
source

Start: Preamp, CDS in reset

pre_rst ds_sw1

ds_sw?2

PXLBuf
b —@
10xC sc

i




AGIPDO.2 (10 SCR): Measurement

Normal measurement:

2 - 2 2 2
Ooverall = = oPreamp * Ocps = * Opixelbuffer

Preamp in reset: (Assumption: Preamp noise contribution negligible)

5 _ 5 5 5 ~>Validated by measurements, when
Ooverall ‘M'F Ocps ~ t Opixelbuffer Cl) swi’rching of f preamp (VGZO)

b) resetting preamp
Preamp, CDS in reset: (Assumption: Preamp & CDS noise contribution negligible)

2 - 2 2
Ooverall %"'/GCD/S{"' Opixelbuffer |

—>CDS noise contribution: (Preamp in reset
overall CDS P uffer S Pi

—>Preamp noise contribution: (Overall - Pre

2 = 2 2
Ooverall = = oPr'eampzl}oCD{"' Opixefbuffer ~ -




AGIPDO.2 (10 SCR): Charge injection

AGIPDO0.2 - Noise contributions (all in reset, CDS switch, Preamp switched) @ Noise Readout chain:

@ OReadout chain™ (575 t 001)

(2) Injection DS switch:

Height= 564.7 LSB
OQInj,CDS: (1401 + 003)

13400 |-

13200 |-

13000 |-

12800 |-

12600 -

12400 |-

12200

L1 1 1 11 | 11 1 1 | L1 11 | 1| 1 1 | I 11 | 1 | | | 1 1
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AGIPDO.2 (simplfed, 10 siorage cells directy coupied wih output) # clks

@
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Dominated
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MOSFET: Charge injectio

n

| Correlation: CDS switched - Vref ‘

13100
R : | | | :
lgso __"J;"'“""---:----....____,'____________L__"-"_"-;--“-"-“--;-"-“ |
3 10
13000 [+
12950 [~ o
12900 [~

- H 10
.
POO) PR U IS EURUS P PR L

1 111 I - - L1111 ) 1
12250 12300 12350 12400 12450 12500
ADC (CDS switched)

OReadout chain™ (575 i 001)

Oqmcos=  (14.01 +0.02)

Omps=  (14.88 £0.02)
(5.752+ 14.012)/2= 15 14

- Both charge injection processes are
other! Thus, NO common movement of b

| Correlation: Preamp switched - CDS switched

Bbc (coB switcHid)
w o
o o

,,_.
o
o

12350

12300 -

12250

SR T e R S

1 1 i 11 1 1 i L1 1 1 i 11 1 | i 11 1 1 i 11 1 1 i 1
12600 12650 12700 12750 12800 12850
ADC (Preamp switched)




MOSFET: Charge injection

AGIPDO.2 Preamp switch:

3 C e L=0.12 um
C Gate C e W =11 um
7. 7 AN e CGS: 79 fF

° CGD= 59 fF
-Source f 3 VD:vs=O-826 V
/hannel charge 7\ * VG:1-5 vV
Depletion region Char.ge (e-)
Substrate

Channel 163125

Voltage jump after Preamp switching:

Ces 33279
346.5 LSB = 21.1 keV = 5836 e

Cep 24854
- Main contributor unclear... (Channel, C;



AGIPDO.2 (10 SCR): Results

AGIPD 0.2 - Noise contributions 21.10.2011
440 J:
420 J¢ 7] —m—Preamplifier
400 3 :] —e—CDS
380 4 —A— Readoutbuffer
360 —v—Preamp + CDS
340 ! —&—Readout chain
» 320 (Preamp, CDS,
€ 30078 Readoutbuffer)
O 2804;
w260 44 ENC
€ 240] Component (10 sc,
o 2204 No Oversampling)
3 ]
= 200 i
180 Preamp 153 e-
160 1
140 35 CDS 2bl e-
120 J: . . .
100 H———— Readout
0 1 10 100 273 e
Buffer

Number of connected storage cells

5 401 e

—~>Filter capacitance at the output of CDS (20x oversampled) (281 e’)
noise performance




AGIPDO.2 (10 SCR): Results

Oversampling = Averaging at the output of ADC over several samples
- Improving the noise performance

Categories of Test Structures:

[T PTT

OO0

standard preamplifier (SP) (W=8u)
fast preamplifier (FP) (W=16u)

SP with protection diode

SP with buffered cells (10 x 8)

=
]
I

i

[EI

B

Noise (100 ns) in ENC | Gain (High gainstage) | Linearity (High gainstage) (rms)
(with photons) (with current source)

Standard Preamplifier (SP)| 318+ 30 253.86+ 0.04 0.29%

Fast Preamplifier (FP) 307 22 249.0 £1.1 0.27%

SP with Protection Diode 331+30 250.5+2.8 0.61%




AGIPDO.2 (1 SC W/R)

AGIPD0.2 Cf,low

\'—L . PXLBuf

I Gain dependent on the Number of Storage Cells (Standard Preamp/LPPFET) HistoStorage
) Entries 9
c Mean 25.75
= ]
O 500
c
©
(M)
=

Loss of pulseheight, due to voltage
sensitivity at PXLBuffer input

400

300

- Bus between storage cell and
PXLBuffer will be partially charge up 2
with charge stored in storage cell

\III

100

1 1 1 1 1 1 1 l 1 1 1 J 1 1 1 {
20 40 60 80 100
Number of Storage Cells

O%\!\II

- Heigher noise in ENC




AGIPDO0.2 (1 SC W/R):

- Gain reduced

AGIPD 0.2 —-Energy calibration (Mo, Ag, Sn) - One Storage Cell Read-Write by ~ 50 o/o
2004 [ sroder: Line (10 SCR: 16.4
- ADC/keV)
190 A=( -20.8: 2.1) ADC units
- B=( 8.34 + 0.10) ADC units per keV
180
170 —
E -
D2 160
2
& 150 ~
c ENC
140 Component (One SC,
_ No Oversampling)
130 S
- Preamp 212 e
120 -
110 —_— CcDS 2b8 e-
16 18 20 22 24 26
Phot keV
oton energy (keV) Readout 561 e-
Buffer
- AGIPDO3 features a different CDS and >3 654e-
(20x oversampled) (413 )




AGIPDO.3 (1 SC W/R):

Cf, lows

AGIPD0.3 ~— —
= L33
- kil
e | e
o == [

Vv
ref, PXLBuf

Changes in AGIPDO. 3.

« Different PXLBuffer, now charge se
* Different CDS with better noise per
« Two coupling capacitances

- Twice the gain to be expected (m

o




AGIPDO.3 (1 SC W/R): Noise

AGIPDO0.3 - Energy calibration - Integration time: 400 ns - Fluorescence: Mo, Ag, In, Sn - Sensor bias: 120V I

ENC (e) " Pixel 2

150 4
Preamp 115 e
CcDS 239 e
140 4
PXLBuffer 332 ¢
130 — Offchip 285 e-
| Z 512 e Model.: Li‘ne= -
m (20x oversampled) (383 e°) Epation: = Ak B
3 120 - Data: Pixel 2
A=(-4.16 £ 2.73)
N B=( 6.09£0.12) ADC/keV
110 4 Data: Pixel 3
A=(-5.54 +1.47)
4 B=( 6.06 + 0.07) ADC/keV
100 4 Data: Pixel 4
A=(-7.78 + 2.57)
| B=(6.04 £0.11) ADC/keV
90 ' I : | : | ' | ' |
16 18 20 22 24 26

Photon energy (keV)




AGIPDO.3 (1 SC W/R): Charge

injection

AGIPDO0 3 - Charge injection - Noise contribution PIXELBUFFER reset switch

10000 [ e e | @ Noise Offchip:
9800 |-
seoo b (D) Ootfchip= (1.98 £ 0.01)

- Aoy ) L |
9400 |- o 2 3 (2) Injection PXLBuf switch:
9200 - Voo T
9000 [ OQInj,pxB= (4.34 £ 0.01)
BBI00 [ @ Noise PXLBuffer:

8600 ;
8400 ;
8200 -

- L1 1 R R T [ R R R B [ \ Correlation: PXLBuffer reset - PXLBuffer switched

8000, 50 100 150 200 250 clROO oo

(1.98%+ 4.342)V/2= 477

- Again: Almost uncorrelated!

10

apsgbeccbe b e d o, I
5}].175 9180 9185 9190 9195 9200 9205 9210 9215 9220 9225
ADC (PXLBuffer switched)




Summary: Noise

Preamp

(Reset switch contribution)

cDS

(Reset switch contribution)

Readout chain

(PXLBuffer?+Offchip?)
(Reset switch contribution)

2

(oversampled)

Remarks

10 SCR, std preamp
200 1S, Vs ps= 0.6 V

153 +1
(317 + 2)

2bl.2
(236 + 2)

273+2

401+ 2
(281 + 2)

-Overall noise of
standard preamp +
protection diode:
438+8 (325+5)
-Gain (ADC/keV)=
16.38 + 0.10

1 SCWR, std preamp,
2 15, V.o ps= 0.6 V

212 +3

258 +3
561:7

654 : 8
(413 + 5)

-Overall noise of
Standard preamp +
protection diode:
661+8 (422+5)
-Gain (ADC/keV)=
8.34 +0.10

15C W/R,
200 ns, V.o ps= 0.5 V

115+ 3

239 +5

438 +7
(197 + 4)

H12 + 10
(383 + 8)

- Readoutbuffer:
(PXLBuf: 332 + 7)
(Offchip: 285 + 6)
-Gain (ADC/keV)=
6.09 +0.12



AGIPDO.2: Multisampling

AGIPDO2 - Measurement: Pixel col3 row3 - Multisampling - Ag 22.1 keV ( 2x2x10 SC, 55x oversampling, Cu tube)

[ AGIPDO2 - Measurement: Pixel col3 row3 - Multisampling - Noise ( 2x2x10 SC, 55x oversampling, Cu tube)

Fit-Results:
4 G1=(10.31 +/- 0.00) ADC - A Fit-Results
1 0 J Il Al= (41902 +/- 357) ADC
x1= (448.02 +/- 0.04) ADC 10° = | |]
- ] H Gl= (6.34 +/- 0.05) ADC
x2=(559.5 +/- 0.8) ADC | |
[~ xl= (296,83 +/- 0.06) ADC
x3=(769.4 +/- 3.3) ADC 10° = H l Gain=14.89 ADC/keV
103 - / \{ Sigma=(6.34 +/- 0.05) ADC
Pulseheight (Cu 8.0 keV)= (111.5 +/- 0.8) ADC 10 ENC=(117.6 +/- 0.9)
==> = O +/- 0. e-
Pulseheight (Ag 22.1 keV)= (321.4 +/- 3.3) ADC
ENC= (195.8 +/- 2.0) -

a02_Ag22keV_2x2x10SC_2us_100.bin

10

0 200 400 600 800 1000

- Sampling before AND after integratio
- Sampling with storage cell column swit



AGIPDO02 - Noise contributions, Pulseheight - Oversampled data (20 x)

LSB

AGIPDO0.2 Ci,low
e

300

o280 -

260 -]

2404 -

220

200 ..
180 + -

160 -
247
20 |

16 -

12

- 1 Storage cell - Vref=0.5V

o o k00 . b . e
o : ; - 0 :
- U e : —m— Pulseheight Mo 17.5 keV
L ol ~ = Noise: Overall
2 C = Noise: Preamp in RST
—=— Noise: Pre, CDS in RST
I B L e
L : .
R:- et . - - - - oeher

Iniernal
current
source

AGIPDO2 - Noise contributions, Pulseheight - Oversampled data (20 x)

LSB

-1 Storage cell - Vref=0.8 V

300 - : _ ;
380 ] e A
260 i : :
240 ormetmi —m— Pulseheight Mo 17.5 keV
220 -
200 —e— Noise: Overall
180 4 Noise: Preamp in RST
160d —v— Noise: Pre, CDS in RST
204 . . : . e
wlto oot L2

- e e e

Low power FET

- High R, thus slow charging of

storage cell

- Improved in following chips




AGIPDO02 - Noise contributions, Pulseheight - Oversampled data (20 x)
- 1 Storage cell

LSB

300 -

280 -

250_ ....... ....... s 05

=Y V)

ref, DS

0.6
0.7
0.8

4 r e

Vref,DS=0.5V:
Vref,DS=0.6 V:
Vref,DS=0.7 V:
Vref, DS=0.8 V:

Equation: (yO-b*exp(-c*x))

yo=(272.1 £3.1)
y0=(284.5 + 4.8)
y0=(286.1 + 2.4)
y0=(291.4 +1.4)

T T T T T

4 5 6 7 8

Integration time (x200 ns)

10




Vet ps' Writing signal To storage cell

AGIPDO2 - Noise contributions, Pulseheight - Oversampled data (20 x)
- 1 Storage cell )
40 - S Relative loss

of dynamic

range (%)

v

06 | 05 0

®
A 07 - (reference point)
v

08 | - 0.6 14
07 33
0.8 He

-7, U DO .0 WL U5 00 O U DO SO W A |

s NG

ors 0 U O OO OO 0. - OO O SO OO NS OO 0 N O TV SO T T

_ Noloss by definition

Loss of pulseheight
with respect to integration time x10 ( % )

Integration time ( x200 ns)




First results




It works....

AGIPDO0.4 - Illumination of solder in
-{29.03.2012)  X-ray box @ 25 keV

W | | - Pedestal corrected




What do we expect?
What do we have?

Worry Reason Approach
(applied at AGIPDO.4?)

Noise is too high -(AGIPDO0.2) Main contributor to overall =~ >Different CDS stage,

noise is reset switch noise of CDS rather complicated resetting
(ds_swl) scheme (yes)

- Multisampling approach
-(AGIPDO.3) Gain is too low (doublesampling CDS stage)

(no, but we investigate that)

Gain is foo low  -(AGIPDO.2) Due to voltage write/voltage > Charge write/voltage
(AGIPDO.3) read partial loss of charge in storage cell read: Already applied at
into charging of bus AGIPDO.3 (yes)
~>Loss of signal (~50 % for 1 SC W/R
with respect to 100 SC W/R)

-(AGIPDO.3) No signal amplification at >Different scheme to drive

offchip driver (@ AGIPDO.2 ~x2) the signals off the pixel/chip
Signal loss between Pixelbuffer and (yes)
Offchip driver of ~20 %

-~ (AGIPDO.4) Very high gain
mode (C.=60 fF)



AGIPDO.4: Energy calibration

AGIPDO0.4 - Energy calibration - 80x oversampling - Integration time: 2 us - 1 SC

LSB

420 -

400_:j)jwéﬂjﬂlﬂ[[ﬂQ}];]fﬂf]jQ[?Qjffﬂf[]]?;]ﬁ;ﬂjgj'”'W'”T'””””
330_fof]fff[Qflfffffﬂffffffﬂfﬁf”f”:”' m ___m _
360 ' ' |

. QF Preamplifier

= 100fF
e ©60fF

sa0d - : - . ]

I NS i W e
3og;u.__jmm””;“_.m}“..jmmmmﬂ““_”;m___jmmmm§
e e
zsonf_”}jm_]g”jf}}]"fjjj[];“.f]@;f_fgﬁ_[ﬁﬂ
I e i e s T

180

Model: Line y=B*x+A

Very high gain (60 fF):
A=(1.7 +4.4)LSB
B=(15.99 = 0.20) keV/LSB

High gain (100 fF):

A=(4.5 +0.4) LSB
B=(11.18 + 0.02) keV/LSB

=> Gain increase:+43 %

L} I L] ]

: : : |
17.5 20.0 22.5 25.0 27.5 30.0

Photon energy (keV)




AGIPDO.4: Energy calibration

| AGIPDO0.4 - Energy calibration - 80x oversampling - Integration time: 2 us - 1 SC

420 -

] : : ; /// gF Preamplifier

340

304

300 T : : : : : : Model: Line y=B*x+A

LsB

J Very high gain (60 fF):
280 4 : ] A=(17x44)LSB

R SR . | B=(15.99 + 0.20) keV/LSB
260 B ( : e

High gain (100 fF):
A=(45%04)LSB
B=(11.18 + 0.02) keV/LSB

220

| => Gainincrease:+43 %

180

T T T T | T I T T T 1
17.5 20.0 225 25.0 275 30.0
Photon energy (keV)

AGIPD0.4 | AGIPDO.4
1 SCRW 1 SCRW
(100 fF) (60 fF)

Gain
(ADC/keV) 16.38+0.10 8.34+010 6.09+0.12 1118+ 0.02 1599 +0.20

AGIPDO.2 | AGIPDO.2 | AGIPDO.3
10 SCR 1 SCRW 1 SCRW




AGIPDO.4: Noise

High gain preamp Very hig(};og;x;r)l preamp

Contribution (ovggc?:‘?ed) (oversampled)
Preamp 210:3 150 + 3
CDS 2212 133 :2
Readout chain 311 +1 225 +3
(Reset switch) (191 +1) (144 + 1)
5 436 +1 301:4
(394 +1) (270+ 3)

10 SCR 1 SCRW 1 SCRW 1 SCRW 1 SCRW
(100 fF) (60 fF)

Noise Enc) 401 + 2 654 + 8 b12 + 10 436 + 1 301+4
(oversampled) (281 + 2) (413 + 5) (383 + 8) (394 + 1) (270+ 3)



AGIPDO.4: 9 storage cells

AGIPDO4 - Measurement: Pixel x3 y3 - Mo 17 keV (NO oversampling) - Index 1 AGIPD04 - Measurement: Pixel x3 y3 - Mo 17 keV (oversampling) - Index 1 ‘
E Fit-Results: = Fit-Results:
- AO= 919509 - A0= 919645
- GO= (114.38 +/- 0.28) - /f\ GO= (114.11 +/- 0.28)
3 \ X0= 4210.5 5 / Y X0= 4209.2
100 = / i Al= 35921 100 = Il 1 Al= 35994
= | \\ Gl= 170.0 = / 3 Gl=171.3
B { x1= 5746.7 C }f x1= 5745.9
[ { Pulseheight= 1536.22 +/- 3.14 [ f 3 Pulseheight= 1536.73 +/- 3.15
102 I( ENC= (359.9 +/- 0.7) e 102 = J ENC= (359.0 +/- 0.7) e
= a04_Mo17keV_95C_100.bin E a04_Mo17keV_95C_100.bin
b Tq — T
i) j 1ol W
Lo MMHH I L ||h | HW Il
=Lt | 1111 J I I - I 111 1 { 11 11 { 11 1 1 ‘ 11 1A J | T : 111 ‘ Lr 1 1 I 111 1 I 11 1 1 { 11 11 { 1111 ‘ L_p 1 ¥l I 111 1
3000 3500 4000 4500 5000 5500 6000 6500 7000 3000 3500 4000 4500 5000 5500 6000 6500 7000

Pulseheight Pulseheight Noise

# Stc|>|rage (Mo 17.5 kev) | (per storage cell) (per storage cell)
cells (ADC) (ADC) (ADC)

200.1 200.1 15.9 393.6+1.2

170.7 12.7
9 1536.2 A 114.4 o1y  3590:07




Summary: AGIPD noise contributions

AGIPDO.2 | AGIPDO.2 AGIPDO.4 | AGIPDO.4
acTPo02

10 SCR, 1SC W/R, 1SC W/R, 1SC W/R, 15C W/R,
200 1S, Vot ps= 0.6 V 215, Vigrps= 0.6 V. 200 1S, Vot ps= 0.5V 200 1S, Ve ps= 0.65 V200 ns, V. s ps= 0.65 V
Preamp 153 +1
o) (317 4 2) 212:3 115:3  210:3 150+ 3
DS
ey 29122 2Bg.3 239.5 221.2  133:2
(236 + 2)
Readout
chain  273:2  561+7 438:7  311:1 22D +3
TR (197 + 4) (191 + 1) (144 + 1)
5 401:2 654:8 bl2:10 436:1 301:4
(versampled) (281 +2)  (413+5)  (383+8) (394+1)  (270:3)
el 16.38 + 0.10 8.34 + 0.10 6.09 +0.12 11.18 + 0.02 15.99 + 0.20

(ADC/keV)




