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The AGIPD prototype chips

S 3

- Pixel matrix: 16 x 16 / Pixel size: 200 um x 200 um

- Dynamic gain switching with three gain stages:

Properties

High (C¢ pigh= 100 fF / 60 fF for some pixels in AGIPDO.4) -

Med (Cf,medium:3 PF) - Low (Cf,low: 10 pF)

-'Standard preamp!’
-'Fast preamp?'
-'Standard preamp’ with
protection diode between
the input and VDD

ICMOS inverter with a DC
gain of ~20
2 As 'standard’, but twice the
channel width with respect to
standard preamplifier >
faster, drags higher current

Operational amplifier
with capacitive feed-
back, AC coupled to
preamp: Ccoupling/cf,CDS=2
- Rather complicated reset
scheme to remove the
offset of the opamp

Preamplifier

CDS stage

(correlated double sampling)

-'Standard preamp'
with either 60 fF or 100
fF feedback capacitance
- 'Standard preamp’ with

protection diode
between the input and
VDD (100 fF)
- 'Standard preamp’ with
a pmos protection switch
(100 fF)

- 'Standard preamp'
- 'Fast preamp'

Operational amplifier
With capacitive feed-
back, two different options of
AC coupling to preamp:
Ccoupling/cf,CDS=1 and 2
- Simple reset switch

Operational amplifier
with capacitive
feedback,
two different options of AC
coupling to preamp:
Ccoupling/cf,CDS:]' and 2
- Simple reset switch



The AGIPD prototype chips

storage cells:
- Switches:
Low power pFET
Regular VT pFET
- Capacitor:
Thick gate nFET
- 'Active storage cells’,
buffered in order to keep
a zero voltage drop over
column switch to reduce
leaking

Storage cells

Voltage follower,

i.e. voltage sensitive
- precharging of parasitic
capacitance is necessary
with either CDS stage or
precharge scheme
- readout of pixel possible
with directly connecting the

readout chain to the pixel
buffer

Pixelbuffer

Two different kinds of

Two different kinds of

-Switches:
Storage cells: Regular VT pFETs
- Switches: -Capacitor:
Low power pFET Thick gate nFETs
Regular VT pFET
- Capacitor:

Thick gate nFETs

Operational amplifier
with capacitive feedback,
i.e. charge sensitive

Operational amplifier
with capacitive
feedback,

i.e. charge sensitive




Status: Noise performance

AGIPDO.2 & AGIPDO.3

Main noise
contribution:

AR “tou CDS reset switch , !
Lo et eyl Approach:

Cimes N
H—= U SEE xr‘ ecnh?,;%’: Different CDS stage
L~ D—(— “| Loss of gain —~>Simple reset scheme
i (From AGIPDO.2)

HE 5
. :_Analog memory _ Charge sensitive
SO “ PXLBY o pixelbuffer
- operational amplifier

— with capacitive feedback
s " (From AGIPDO.2)

current
source

C
AGIPD0.3 "‘°‘”\._ > _ Different scheme to drive

—“;N |_‘E _\{ signals off the chip

_“7\._ = T No 2x amplification at offchip- | >Column buffers

driver stage: Loss of gain
o] _./|_{ { (de facto 20 %gloss between PgXB and (From AGIPDQB)
A Offchipdriver)

: Very high gain mode

~o Ofichip- ec1“,Pr'ectm =60 fF

p; driver (From AGIPDO.4)

Vv
ref, PXLBuf

current ref,DS
source



Summary: AGIPD noise contributions

AGIPDO0.2 | AGIPDO.2 AGIPDO.4

10 SCR, 1SC W/R, 1SC W/R, 1SC W/R,
200 1S, Vigrps= 0.6 V. 2445, Vigrps= 0.6 V. 200 1S, Vye ps= 05V 200 s, Vg = 0.65 V
Pream 153 +1
—amp G 2) 212:3 115:3  210:3
cDS
ey 5002 2583 239:5  221:2
Readout “
- 438 + 7¢ 311+1
(»((L;uiﬁ:ﬁégfcﬁw 273z2  D61l:7 ol CA My (191 1)
J 4012 654 : 8 B12 + 10 436 +1
lorareapi:) (281 + 2) (413 + 5) (383 + 8) (394 + 1)
éai
(ADC/KeV) 16.38 + 0.10 8.34+0.10 6.09 + 0.12 11.18 + 0.02

abQverall noise of standard preamp + protection diode (oversampled): 10 SCR: 438
°Noise contributions AGIPDO0.3 readout chain: Pixelbuffer= 332 £ 7 | Offchip= 285 +

clp
=

AGIPDO.4
(Ct hign=60 fF)

1 S5C W/R,

200 ns, Vr‘ef,DS: 065 Vv

150 + 3

133 :2

22b +3
(144 + 1)

301:+4
(270 + 3) g

15.99+0.20



Presummary’: AGIPDO.4 status

* C¢= 60 fF Noise (ENC): .« ®
Noise * CDS gain HIGH (x2) \@@é (301 + 4)e- @V@

O OffChip x1.5 é@g (270 + 3) e- (oversampled)

* Diodes

Protection measures Basically decided

* Nmos switches
* (Up to now) Just

Speed (Write to SC) measured @ 10 MHz Seme ehangas
hot speed optimised

* (Up to now) Not worried :
Speed (Read from SC) i o .t L speed Shoule be fine
» With CDS gain HIGH and 60 fF: o b@@ W@GUU m@k@
Dvnamic range Good linearity up to o
4 = 1000x12.4keV %%@ it gooel!




Protection measures

* Pixel destruction possible with IR laser
(1030 nm) at full power and 5 MHz
repetition frequency.

- Probably conducting channel in sensor
(due to interaction depth of IR throughout
sensor)

—>With bias voltage of 120 V: Pixels die
- No bias voltage, no dying pixels

* Opens possibility to examine the protection measu
~>Worst case scenario: 120 V swing within few ns

> Investigating the ability to destroy pixels for diff

circuits (Diode, nmos switch)
(Reference is always the standard pixel)




Protection measures

AGIPDO0.4 - Input protection measurement

NONE (Standard / High gain)

standard 16
standard 15

14 Number of
13 surviving 0% (8) 0% (8) 0% (8) 0% (8)
12 pixels
11
10 Nfa 13.15 13.21 13.57 13.32
9 oise (ADC) +/-0.12 +/-0.13 +/-0.13 +/-0.13
8
; DIODE
5
Number of
e surviving 100%(3)  100%(3) 100 % (3) 0% (3)
standard 2 pixels
standard_| 1 Comments Reduction of pulseheights at 2.5V most probably due fo partial
1 'f\ ’F 4 5 6 7 8 /?\ 1[? 1/; }[‘2 }]‘3 ilf 2\5 16 covering of Al backside contact
Vprot (V) 25[2.5 2.1]2.1]3.3[3.3]1.6]2.0]25 : 13.46 13.33 13.29 13.48
Rate (MHz) 515 80[5]5]5]5]5]5 Noise (ADC) +/-0.12 +/-0.13 +/-0.13 +/-0.12
Bias voltage (V) 120120 120]120| 120] o |120]120]120
Evaluated data...
Number of
. Measurements perfo.rr.ned surviving . . . .
Remarks: under the same conditions il 33 % (3) 0% (3) 0% (3) 0% (3)
Measurement with IR laser at maximum intensity
Data evaluated for following conditions: Repetition rate: 5 MHz / Bias voltage:
120V
No pixels damaged when pulsing with 80 MHz and/or 0V bias voltage Noise Noise (ADC) 13.43 13.33 13.39 13.54
+/-0.12 +/-0.12 +/-0.12 +/-0.13

data: STANDARD pixel: row 6 / DIODE pixel: row 8 / NMOS PIXEL: row 10
Single dead pixel may be occurring due to user misoperation = wrong
movement of laser beam




Protection measures

Leaking through
protection
curcuit?

- 1.6 V worst
case scenario

~>Looking at
bending of
curves for high
pulses

—->Nmos curves
bend clearly for
transmission
>0 %o

->Diode /ike
Standard, yet
radiation
hardness to be
tested

AGIPDO0.4: Input protection measurements: DIODE (row 8)
(fixed to low gain stage | CDS gain LOW | Vref,Ds= 600 mV | 220 ns cycle)
16000 -

V =16V
prot

Protection circuit

—m— NONE

—eo  DIODE

— 4 NMOS (row 6)
—v— NMOS (row 10)

Pulseheight (ADC units)

400040

—— T
20 40 60 80 100

Transmission (%)




Speed (Writing)

SRR FE i bi i i r i rredfii iy
// Integration, Write & Reset cycle //

> 220 ns WPiTQ-SWiTCh-PeSZT CYCle @ 80 MHZ FELEFLEEEETETEETEETEdiddiisidiiiiiiiiy
SBlen tst currj;
REPEATI(1);

> 17 clks = 212.5 ns

for(memclk=0;memclk<l:memclk++) {

. ) SB(rst 15
« Investigated 150 ns cycle | SBlset gl ext):
. SBlset g2 ext);

SBlds_swl);

~>Only 12 clks

. {merp clk);BBlclk dac);
(Reducing RST time by 2, Reducing Integration time by 3) - QLY

clk);CBlclk dac);

SB{en gmsm) ;SB{en_dmem);
REPEA # . ) .

CBlen extgain};
CBlset gl ext);

CBise ext);
REPEA A
CB{rsip»pleamp) ;
REPEA H
CBl(ds b;

CBlen_amem);CB{en_dmem) ;
s
REPEAT(1);

CBlen_tst curr};
REPEAT (1) ;




Speed (Writing)

AGIPDO0.4: Linearity measuremen t by IR-Laser (x12.4 keV photonsl 150 ns cycle / VrefDS=500 mV / CDS gain LOW)

W

IIlIlIll | llIIIIII | IlIIIlII | llIIIII|

10 10?

DC cﬁ}annel
o
(@)
o

=
A
o
o
o

\Q
®

8000

6000

4000

2000

4

1Q° 10
X QZA keV photons

=




Speed (Writing)

AGIPDO.4: Linearity measurement by IR-Laser (x12.4 keV photong/ 150 ns cycle / VrefDS=600 mV / CDS gain LOW)

14000

ADC channel

12000

/

10000

8000

6000

‘III‘III|III|II|‘III|II

High on-resistance of

4000 storage cells doesn't allow
OQ writing of full signal at low
2000 — S pulse heights
0 B | [ | | | [ | I | | | | | I |
1 10 10° i

1Q° 10
X ?2.4 keV photons




Speed (Writing)

AGIPDO.4: Write Timing - Pulseheight Mo 17.5 keV AGIPDO.4: Write Timing - Pulseheight Mo 17.5 keV (relative)

o
Y

= al
0 S ]
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] o 3.
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< © 707
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SL507T : 2 605
[T ] o ‘ o 507
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21007 5 407
g ] . L 307

50 203
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" 5 10001100
7o 70 800 70 (o)
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<s, ©1 500 %00 yref.© 2, 21" 5hp 600 Jref.D
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* @ V. ¢ps= 500 mV: Signal height ne

—~>Choosing V¢ ns= 600 mV: Losing “only” 1C > New CDS STAGE: faster,
linear up to 1300 mV



Speed (Reading)

New Chipoutputbuffer:

* Fully differential
* Can drive up to 100
e Can drive that in 30 ns ..that needed to be verified!

RISE TIME (after switching MUX), C(load)= 1pF
1207 b s esbeoeeesessssseespmossssmessssoossToosseomooeoeees T

_______________________________________________________________________________________________________________

Rise time (ns)
it
(=]
i

_______________________________________________________________________________________________________________
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60

_______________________________________________________________________________________________________________

40

20

---------------------------------------------------------------------------------------------------------------

-20

--------------------------------------------------------------------------------------------------

i 1 1 1 i 1 1 -I- i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1
20 40 60 80 100 120 140
i(FDA) (uA)




Dynamic Range

Laser Setup:

e Red (660 nm) and IR (1030 nm) laser diodes

* Repetition rate: 5 ... 80 MHz (divider up to 16)
e Power: <11.5 mW (red) / <15 mW (IR)

» 2x Filter wheel > 36 combinations

BUT shot-to-shot fluctuations,
difficult to measure noise

Lamp Setup:

almost perfect constant current
source

* simple,

e reliable,

* cross calibration possible by
energy calibration




Dynamic Range

.
AGIPDO.4: Linearity measurement by Flashlight (x 12.4 keV photons) - Pixel: Column 7 Row 7 (High Gain) - Classical RST (220 ns cycle /VrefDS=600 mV | CD5 gain LOW / Cfhigh=60 fF) 60 f F / C D S gal n LO W
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Non-l

linearity: 0.25 % (rms) | .40 % {max) @ 114.38
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Medium gain stage: m= (2.4439 +/- 0.0001) ADC/12 4 keV

linearity: 0.39 % (rms) | 2.94 % (max) @ 2176.32

4000 Yz e — 0 S NS o 0
E— vPrez 900 mv: ; Low gain stage: m= (0.5225 +/- 0.0001) ADC/12 .4 keV

— (simula*ed) Norinearity; 0.64 % (rms) | 1.57 % (max) @ 3136.53

2000’_ """"""""" | é ..........

Measured Gain= 7.19 ADC/keV - Gain Ratios: High/Medium= B6.90 - Medium/Low= 4.68

PIXEL: Column 7 Row 7 (HIGH GAIN) - CO'5 gain LOW '
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AGIPDO.4: Linearity measurement by Flashlight (x 12.4 keV photons) - Pixel: Column 7 Row 7 (High Gain) - Classical RST (220 ns cycle / VrefDS=600 mV [ CDS gain LOW [ Cfhigh=60 fF)
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Dynamic Range

AGIPDO.4: Linearity measurement by Flashlight (x 12.4 keV photons) - Pixel: Column 7 Rew 7 (High Gain) - Classical RST (220 ns cycle / VrefDS=600 mV / CDS gain HIGH [ Cfhigh=60 fF) 60 f F / C D S gal n IG
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10000
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8000 """ T A
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6000 e T B SRIITe EIIS ARSERRE Nerinearity: 0.24 % (rms) | 2.21 % (max) @ 60.44 843 700
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[
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\/ E E Ngn-linearity: 1.67 % (rms) | 401 % (max} @ 382.60

A000 = AN ! M s aes —-600
B, vpr‘e = 900 mv E v gain stage: m= (0.4377 +/- 0.0002) ADC/12.4 keV
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| | | bad !
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AGIPDOD.4: Linearity measurement by Flashlight (% 12.4 keV photons) - Pixel: Celumn 7 Row 7 (High Gain) - Classical RST (220 ns cycle [ WrefDS=600 mV / CDS gain HIGH / Cfhigh==60 fF)
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NOISE (x 12.4 keV keV photons)
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10
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Dynamic Range

. ' l
AGIPDO.4: Linearity measurement by Flashlight (x 12.4 keV photons) - Pixel: Column 7 Rew 7 (High Gain) - Classical RST (220 ns cycle / VrefDS=600 mV / CDS gain HIGH [ Cfhigh=60 fF) 60 f F / C D S gal n I IIG
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14000}

12
000 This jump ea’rs up the

dynamic range

10000}

>~9000 ADCunits [
- (with CDS gain LOW |

8000

High gain stage: m= (178.343 +/- 0.008) ADL/12.4 keV

PULSEHEIGHT (ADC channel)_‘

Se i SR R Narn-linearity; 0.24 % (rms) | 2.21 % (max) @ 60.44

6000

Medium gain stage: m= (3.6763 +/- 0.0007) ADC/12.4 keV

Mon-inearity: 1.67 % (rms) | 401 % (max} @ 382.60

4000

Low gain stage: m= (04377 +/- 0.0002) ADC/12.4 keV

: : Non-inearity: 0.00 % (rms} | 0.00 % {max) @ 3130.41

2000 ...........

Measured Gain= 14 .19 ADC/keV - Gain Ratios: High/Medium= 4B.51 - Medium/Low= B.40

| L || | L] || FIXEL: Calumn 7 Row 7 {HIGH GAIN} - CDS gain HIGH

1 1 10? 10° 10*
0 0 0 x12.4 keVOphotons




Dynamic Range

.
AGIPDO0.4: Linearity measurement by Flashlight (x 12.4 keV photons) - Pixel: Column 7 Row 7 (High Gain) - Classical RST (220 ns cycle / VrefDS=600 mV / CDS gain LOW / Cfhigh=60 fF) 6 O f F / C D ; ga | n LO W

_____________________________________________________________________________________________________________________________________________________________________________________________________________
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Non-linearity: 0.25 % (rms) | 3.40 % (max) @ 114.38

-
Medium gain stage: m= (2.4439 +/- 0.0001) ADC/12.4 keV
] : Non-linearity: 0.39 % (rms) | 2.94 % (max) @ 2176.32
40 0 O S S R E——————" T R
— : :
L — Low gain stage: m= (0.5225 +/- 0.0001) ADC/12.4 keV
— : : Non-linearity: 0.64 % (rms) | 1.57 % (max) @ 3136.53
2 O 0 O T
- Measure d Gain= 7.19 ADC/keV - Gain Ratios: High/Medium= 36.99 - Medium/Low= 4.68

PIXEL: Column 7 Row 7 (HIGH GAIN) - CDS gain LOW
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x 12.4 keV photons




Dynamic Range

. ' l
AGIPDO.4: Linearity measurement by Flashlight (x 12.4 keV photons) - Pixel: Column 7 Rew 7 (High Gain) - Classical RST (220 ns cycle / VrefDS=600 mV / CDS gain HIGH [ Cfhigh=60 fF) 60 f F / C D S gal n I IIG
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12000 -> x1 8 shows that

- dynamic range jump arises from
10000{ 1 >~9000 ADC "i;iﬁifg"’waﬁ'\'ﬁ """"""""""
| . (with €DS gain LOW |
~ ' its) ... N——

This jump ea’rs up the

8000

Fit-Results:

High gain stage: m= (178.343 +/- 0.008) ADL/12.4 keV

PULSEHEIGHT (ADC channel)_‘

Se i SR R Narn-linearity; 0.24 % (rms) | 2.21 % (max) @ 60.44

(@)
o
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Medium gain stage: m= (3.6763 +/- 0.0007) ADC/12.4 keV

Mon-inearity: 1.67 % (rms) | 401 % (max} @ 382.60

4000 | B

Low gain stage: m= (04377 +/- 0.0002) ADC/12.4 keV

Non-inearity: 0.00 % (rms} | 0.00 % {max) @ 3130.41

2000 § é ___________

Measured Gain= 14 .19 ADC/keV - Gain Ratios: High/Medium= 4B.51 - Medium/Low= B.40

PIXEL: Column 7 Row 7 {HIGH GAIN} - CDS gain HIGH

0 IIII\II| I\III\I|

1 1 10? 10° 10*
0 0 0 x12.4 keVOphotons




Dynamic Range

Jump is due to an actually wanted charge injection in the C; ., in order to
increase the dynamic range of the high gain stage

Reset phase DS sampling Redistribution of .char.ge
point Between, when switching to low

gain stage: AU,,,= AU, .4 0.235
Joumut) - Not negligible

flow U(Pream

1 "

C

£ med 900
('—II . Preamp RST:
™| nmos switch
. —[\'AIJ \.—
: N
_II_"—"'/ <| 700 T { working point
‘M c I

f high \
© ’ . I ’ I 500 + threshold

v

ref,0S t (arb. units)

AUhighInj:AQPreRSTInj/ C+ high Redistribut

> Change from 100 fF t0 60 fF  Cfmed' AUpe
increased voltage jump by 66 %




Dynamic Range
AGIPDO.2: Linearity measurement by IR-Laser (x12.4 keV photons) AGIPDO.2: 100 fF / CDS Qain HIGH

12000— Jump height: Preamp RST switch:
rcs ~2000 ADC units AGIPDO.2: w= 10 um
- AGIPDO.4: w= 27 um

o | = 0
18000, N\
< - d

L Gate—Substrate Overlap

6000 —

Fit-Results:
High gain stage: m= 203.250 +/- 0.040

4000 Non-linearity: 0.85 % (rms)

3.33 % (max) @ 17.64

Medium gain stage: m= 6.9338 +/- 0.0009
Non-linearity: 0.90 % (rms)
7.66 % (max) @ 524.34

2000

Low gain stage: m= 1.7496 +/- 0.0001
Non-linearity: 0.29 % (rms)
1.39 % (max) @ 2642.61

0 a02_dynrange filter_off 5.bin L1 11 || | [ |‘ | [ [ 11

1 1 10° 10° 10°
0 0 X 1294 keV photons 0




Dynamic Range
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Medium gain stage: m= 3.4173 +/- 0.0004
Mon-linearity: 2.74 % (rms)

13.51 % (max) @ 1724.99

Low gain stage: m= 0.4431 +/- 0.0002
Mon-linearity: 0.00 % (rms)
0.00 % {max) @ 5115.69

Measured Gain= 8.21 ADC/keV - Gain Ratios:

lumn 7 Row & - Preamp protection:

: High/Medium= 29.79 - Medium/Low= 7.71

PMOS (@ 15 V)

10°

4

10
x 12.4 keV photons




Dynamic Range

AGIPD1.0: Expected Dynamic Range with Smaller Preamp RST & Improved CDS stage (up to 1.3 V) (CDS gain HIGH / Cfhigh=60 fF)
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Fit-Results:

HIGH GAIN STAGE: m= (178.343 +/- 0.008) ADC/12.4 keV
Dynamic Range inx:1... 89

Dynamic Range iny: 278 ... 15973

MEDIUM GAIN STAGE: m= (3.6765 +/- 0.0007) ADC/12.4 keV
Dynamic Range in x: 90 ... 3662
Dynamic Range iny: 2961 ... 16093

LOW GAIN STAGE: m= (0.9400 +/- 0.0002) ADC/12.4 keV
Dynamic Range in x: 3663 ... 15039
Dynamic Range in y: 5405 ... 16099

Assumptions: m(low)=0.94 - Improvement by RST x3

PIXEL: Column 7 Row 7 (HIGH GAIN) - CDS gain HIGH

III[III|

4

1Q° 10
x9L2.4 keV photons

II[IIIIi W

Proposed
improvements in

AGIPD1.0:

* Better CDS
(up to 1300 mV)

*Smaller Preamp
RST switch
(w=5 um)

- Very
conservative,
unrisky changes !




Real’ summary

e C:= 60 fF Noise (ENC): N \
Noise * CDS gain HIGH (x2) (301+4)e- ) ©
« Offchip x1.5 (270  3) e-&%%ér‘sampled)
. *Diodes Radiation hardn @&[]t;“e
Protection measures N el tested > Cf”/'ééé‘lgik;@@@@m@‘
|

V.t ps Needs to be
increased to 60
- Improving CDS stage

Writing within >150 ns

Speed (Write to SC) succossul

Reading time after \
Speed (Read from SC) switching MUX ~30 ns okay
- 30 MHz

D . Should be possible to get to
ynamic range >1-10% x 12.4 keV photons






