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QOutline

- Overview of electronic components

 On-chip electronics:
— DORIC and VDC: chips for the optical link
- MCC: module controler chip
— FE-Chips: charge amplifer and readout

single chip & module performance

« Status and Outlook
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The ATLAS pixel modules

Flex Capton (barrel 1 & 2, disks)
- Capton with routing glued to sensor
- Chips connected with wire bonds

MCMD (B-layer)

- Multi-layer structure (busses) on sensor
- All chips connected with bumps
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Electronic components of the pixel system

W SN i  DORIC | -t PIN k CTRL

3 fibres/module

Sensor 16 chips MCC

Opto Package

Opto Card
ROD
ROB

6/

TIM

Power supplies

1 Sensor Opto Reveivers

16 front end chips (FE) Readout Drivers (ROD)
1  module controler chip (MCC) Readout Buffers (ROB)
2  VCSEL driver chips (VDC) Timing Control  (TIM)
1  PIN diode receiver (DORIC) Slow Control, Supplies
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Data transmission: VDC and DORIC

Opto-Package

clk a0

PRl | W\ Conmanas<—Nbeiel—JBaN] - |iESER- 5PN

""" ' ‘ | ¢ oeo—>UBE BN o, ERE-BRX
LA if i . DﬂTﬂ NRZ —»

TOoOxm

DORIC:

,,,,,,,,,,,,, , - amplify PIN diode signal

= - regenerate 40 MHz clock and data/cmd signal
. ' 7 - status: - still some problems...

VDC.:

- drive VCSEL laser (digital signals @ 80 Mbit/s)
- readjust current after irradiation

- status: - chip works, still under test

prototype chips

(Siegen, OSU,
Wuppertal)
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The MCC: Event building & Control

[Tp]
ks of =l |8 2
- — — h4 h4
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Tasks of MCC: 5|5 2lall8 s
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- Decode data/cmd signal (from DORIC) { \7\‘7

SYNC
A LV1

configuration data — I _
‘ —-L;E CHANNEL
slow' commands RECEVER |
1 REGISTER

fast’ commands (trigger, SYNC, ...)

- Generate control signals for FE chips :
ENgﬂ
accumulate data in FIFOs Iz
. Check consistency of event (,score board®) ?||wonc] | E;VgEgNFRIgS : T‘_L" DECODER
. Build complete module event T L

- Send event to DAQ (via VDC)

- Error handling, fault conditions (disable
defective FE chips, ...)

CMD/DT  CLOCK )

OPT ENCODER MODULE
v v PORT OPT DECODER
\ T I Y J

- Receive serial data from 16 FE chips, L=

R 0
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MCC: full prototype in AMS 0.8um

= Editing: MCCv5 MCC routed 0.0 i)
ga Design Window Create Edit Floorplon Analyze Place Route Help
ij\ |
&2 ii

Meets basically all &

our specifications

Size: 6.3 x 10.6 mm?2 |[p

Uses synthesized i

standard cells 2

and full custom Jg_

blocks (FIFO, 10) A

Design in Genova

{split wire) Enter Select Point:
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MCC-DO prototype in DMILL

- DMILL Prototype with one input channel exists
« works @ 100 MHz

. (Marselille) were done to
- check data rates, hit losses
- simulate error conditions
- fix FIFO size.

- Example: data rate FE =~ MCC per link:

LVI Target Rate=100 kHz, average LV1 rate=76 kHz

N

B-layer

a
;

Barrel 1 |

FE to MCC data rate (Mbit/s)
L]

wIIII|IIII|IIII|IIII|IIII|IIII

" 11 Forward disks || Barrel 2
a | | | | -IZ | | | | --II | | | | a | | | | I | | | 1 2I | | 1 | 3
n
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The front end chips

Chip size: 7.4mm x 11mm

Pixel size: 50 pm x 400 pm

# pixels: 18 columns x 160 rows = 2880
~ 700.000 transistors

Mirrored cells in odd/even columns

40 MHz readout operation

On-chip data buffering until trigger arrives

Serial protocol for command in and data
out, compatible to MCC

Coarse hit amplitude information by reading
Time over Threshold (ToT)

Latest chips use time stamp readout

Fast 10 signals are differential low voltage
swings
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FE Chips: history

- Different chip developments in 20 Array SoerdPactic L EPTON
LBNL, CPPM / Bonn HP [ AMS }

. Final chips are a common design of the . CppMi v T
three teams with

— analog part of FE-A/C FE-B FE-A (PIRATE) MAREBO
HP AMS Bipolar DMILL

— time stamp readout of FE-B LBNL Bonn | cPPM CPPM , Bonn

- Analog part has been prototyped in i

,MAREBQO‘ chip in DMILL [FE_C (p.RATE)}
. Successfull test beams have been done AR

with full modules with FEB and FEC chips ¢
- Latest chip is (radhard) DMILL chip ,FED’ o) A

It is presently being evaluated exist
- Honeywell chip ,FEH" is in preparation — LT —
« we work with two rad hard vendors . und.er

v design

Bonn LBNL CPPM
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Analog part

Pixel ID

v gl

A T

e O [

3 bit trim value —*13 pit RAM I B
adjustrange w—{ DAC

Time of
leading edge

Time of
trailing edge

coarse, global

Inject Bump Pad Preamplifier ~ Trim Discriminator Mask Hit-OR  Time Stamp Hit Data

- Fast charge sensitive preamplifier with dc current feedback

- Discriminator with individual threshold adjust (3 bit DAC with adjustable range)
- Measurement of the pulseheight by Time-over-Threshold (ToT)

- Mask and test injection in every pixel

- Discriminator hit signal is sent to fast OR (,hitbus’)

- Power consumption is ~40 uW per pixel, VDDA =3V, VCCA=15V
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FED: preamplifier pulse shapes

I | | | I | | |
i Very linear discharge | Very small
MN‘“\“ VQOOdITOT . shaping loss
o, [ A ”MWM
e T N‘N\W %\\\\ e
A\W | MW—MWN-M\\ :\\\::; N\'\\‘_‘v\
) S
«%«J;'J 2 wwwﬂ %f“‘::: oo i éw\x“w%m—*ﬂ“'m%
200 mV/div, 200ns/div|| 200 mV/div, 200ns/div||
A2 200mVA M 200As CPRd 7 400V AZ 200mVA M 200ms Chd 7 400mvV
Different injected charges Different feedback currents

(Measured on testchip with internal chopper, no sensor)
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Threshold adjustment (3 bit DAC)

g 100 w;rﬂmm +?H4 m?; Zrrm 5980 -
: J‘ / f ff J 5000 %§!
5 a0 J / ¢ i 3
i | wf f [ j / 4750 - : %\%gf%":_: ¢ o o
B0 - / I / ' - +\ v
1 i s | " Tune 00O 0 4500__ —8—| = 0DAC x +\ N
A AR S R e -
o ¢ & e Tune o - 1 | 7Y, =18DAC \ \+
/ / [ / / Tune 100 L o0 | = 24 DAC _ T
20 - * : —+—Tune 101 = | | —+—1 =32DAC % |
/ | ! / / Tune 110 3750 |, = 48 DAC _\
J 7 7 ,;' g ——Tune 11 | | —%—1 =64 DAC \*\_\_‘
S o) |l =
750 1000 1250 1500 1750 2000 2250 2500 ¥ 0 1 2 3 s s 87
Injected charge[e] Tune Bits
- threshold scans for the same - Threshold change for 8 trims for
global threshold setting, various range settings
but 8 different DAC values . 10 - 250 e / bit threshold trim
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Adjusted thresholds

- Reduction of threshold dispersion (chip with sensor)
from oy, = 323 e - to 0, = 144e -

7000
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e
5000 4 .

without adjust

i
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threshold [e ]

with adjust

2000 —

1000 —

0 T I T I T I T I T
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pixel number
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FED: Noise

Noise for various input loads VDDA=3V, VCCA=1.5V

600 7
—m— [p=96, If = 10, Slope = 39 / 100fF /
500 —e— Ip=96, If =50, Slope = 50-60e / 100fF e A
—A— |p=64, If =10 // //
400 - /A-—'*"”"'" /
Expected sensor - C 1" P
o ’ ' d ,‘//
= 300 \ / .-/ e i
© —
z [ ® %/\A;—

'/// ~ not well known
P

O L] L] I LI L] L] ¥ L] L] ¥
0 100 200 300 400 500 600 700 800 900 1000

C.[fF]

200 !' Ll
466 // Offset in load capacitance
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Time walk

Tek Run: 1.00G5/s  Samp)
I-
L |

le
|

pulEEeN  200my.  S0.0ms: |

Tek Run: 2.530G5/5 Average
) 9° 1Y

o/

Py /\)'r A ,\J\;\}[:\./\\/\J% [y ;\' P

Hit times

i Z0.0ns ChZ & 786mv

For correct hit association the time resolution has to be < 25 ns
Problem: higher charge - faster discriminator response
Measure response time with respect to a ,high' reference charge (e.g. 50 ke)
Timewalk is the limiting factor for low thresholds !
Might be recovered if 2 crossings are read out

- - threshold
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FED: Timewalk

Timewalk with C. ~ 300fF
100

90 -
_ 80‘_"\ Value for typical settings of preamplifier
2 70 and disrcriminator bias currents:
3 60 |
Sl require ~2000 e- above threshold for 25 ns
e ]\
o 404 / it
s | o
> 30—t
o 1 1%
Q20
()] ’ A
10 I SN
o .‘""“—-1——____.
0 i
0 5000 10000 15000 20000 25000

Charge above threshold [e]

(Measured on FED analog testchip, internal chopper)
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Time stamp readout

A 7 bit Is distributed to all
pixels in the column

- After a hit the time stamps for leading and
falling edge of the discriminator are

- The hit is signalized to the end of column
logic with a fast ripple scan

- Hit pixels are read out and the hit data is
stored in EoC buffers.

- The hit pixel is cleared

- After the trigger latency, the data is cleared
from the EoC buffers or sent to the MCC trigger
when a trigger occured

« 24 EoC buffers are used on FED

hit

A

ROM ) | Pixel ID

= hit

flag |

Clear pixel
Scan for hit pixel

Column->EoC
arbitration

1

Time of
AL :> leading edge

L

Time of
Rl :> trailing edge

7 bit gray
counter

24 EoC
buffers

subtract
Hits with matching leading edge
are kept in EoC buffers

Serial Out
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Simulation of hit losses in FED architecture

—

efficiency

T Ji hit effici
s :

Barrel 3 Barrel 2

98 % efficiency

- Very realistic simulation taking
into account many details of the

architecture ; 5 - Iayer!
« Full Luminosity using 4 EoC buffers 5 5
—Geant tracks ;
in FED

—realistic sensor simulation (Different curves
—Lorentz Angle... are for 10 MHz and

- Simulation done in Marseille 2 """ 20 MHz internal
| | ? readout speed. We

« Result:
—24 EoC buffers are ok (97% efficiency) || can hopefully
—hope to implement more buffers in I \ chose...)
Honeywell design I e
End of Column buffers
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FED readout: layout

Analog part

Pixel control
(trim & mask bits)

Pixel readout logic

Time stamp busses

Block of 2 x 16 pixels
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Additional analog control blocks on the FE chip

1 control bit

3 control bits

1 control bit

Injection
——
Chopper |!
T E readout
circuit in every pixel
Current 4 Current Curr. | 2 Volt. Current
DAC DACs DAC | DACs DAC
‘ 1 P t
Current o
Reference - Injection Chopper has 2 ranges:
— high charge mode: ~ 0...10 fC
— low charge mode: ~ 0...1fC
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Example of analog control blocks: DACs

VCCD output and nonlinearity

ICHOPPER output and nonlinearity

240

S 0,03 T T T T T T T 3,0 04 T T T T T T T T T T T T '<_E‘
: 1. =
‘% 0,02 /— 25 > % 0'3. i / g
& e / | 2 © 524 : » 180 &
. 0,01 ’ \’\ _A-4 20 3 GII] ﬁ | -
m o 7 " A_A_A_‘Ar 0 3 B 014 150 ;
(i)'_ /’/ _A-A-A :AA *; : 00; g S AL 1‘1 o =t
Z e -, 1° & B 31 < s
= AA-AA Ne. o = 014 o
= 0014 ¢ AN 10 0O < % ) a
2 / / ot | 8 = 02 + $ 60 %
E -002 ‘/ 05 = % 03 1. 5
2 / 2L 03+ @)
= ] T d S
-0,03 T T T T T T T T T T T T T T T 0,0 -0,4 T T T T T T T T T T T T T T 0
4 8 12 16 20 24 28 32 0 32 64 96 128 160 192 224 256
VCCD DAC setting ICHOPPER DAC setting
Two 5 bit voltage DACs: Seven 8 bit current DACs:

e global threshold setting e Bias current setting

e Shaping of AC coupling e Generation of voltage step

e .rad hard‘ design through internal chopper

 ,rad hard‘ design

e Nonlinearity < 0.03 LSB  Nonlinearity < 0.4 LSB
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Source measurements: self triggering

« Problem in source measurements:
FE chip needs external trigger in true ATLAS mode
FE-Chip
« One possibility: S\évr'ltshor
Use scintillator — additional detector, not suitable
for y-sources
7y
- Better solution: L1 hitbus
- use hitbus signal of the chip which signalizes
a hit somewhere in the pixel matrix
- Use this signal with correct delay as a trigger delay
- This is a ,fair measurement using the readout in full DAQ and
ATLAS mode Triggerlogic
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Source measurement with °°Fe

- SFe-source (6keV y) deposits only
1700 eh-pairs

« FE-C chip with thresholds tuned
to —~1200e-

140
120
100

80

- Some bump problems at edge

- The chip can be operated ata
very low threshold

Row

60

40

600 um long sensor pixels
_________ -> higher rate

20

0 2 4 6 8 10 12 14 16
Column
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Source measurement on a module with #*1Am

chip #4 <— | — chip #5

160

140

120

100

80

row

60

[ II wlﬂmlll III III

Higher count rate in
600 um long pixels

40

20

5 10 15 20 25 30 35
column

. Spot of 24tAm-source on two neighbouring chips of a module
- Module without MCC: chips were illuminated one after the other
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Module performance (thresholds & noise)

- Module with 16 chips, here FEB

- Noise and ToT response are
comparable to single chips.

. Performance of several modules:

Module Front-

type

end

Bump Threshold Noise

[e]

le]

Bare
Flex
Bare

Flex
Flex

FEB
FEB
FEC
FEB
FEB

|ZM
|ZM
|ZM
IZM

Alenia

2000
2000
2500

3000
3600

140
180
140

160
180

File: tlizm tune3k Summary Plots
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Testbeam: charge collection studies using ToT

- ToT gives information about collected charge

- ToT analysis in testbeam was able to show differences in charge collection between
different sensor designs, e.g. two different p-spray sensors:

39 LS S e N e £
W 205
20 1
I |
9 | 0.025 Ty 0823
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£.4 0.2 [ - 7 22 ;@
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Pixel 2000, Genova, June 5-8, 2000 27 Peter Fischer, Bonn University



Summary and Outlook

- Non-rad hard ATLAS chips (FEs, MCC) are close to meet our goals.
- Radiation hard designs of all chips have been produced by DMILL

- Problems here are:

—Very low yield in first FED run.
Strange*' behaviour of chips not seen before with same architecture.

— ldentical second ,backup’ run has much higher yield.
—We need to understand what is going on.

- New FEDZ design is finished.
—Some small bugs are fixed, buffering of many digital signals improved.

 Full DMILL MCC-D2 will be ready soon
« FEH will be submitted late summer 2000 to Honeywell.
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