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FPIX History

e 1997: FPIX0,a12X64 HP 0.8u process
— Two stage front-end, analog output digitized off chip
— A datadriven non-triggered RO
— Successfully used in beam tests
e 1998: FPIX1, a18X160 Hp 0.5u process
— Two stage front-end, with one 2b FADC/cell.
— Fast triggered/non triggered RO
— successfully used in beam tests
o 1999: preFPIX2 T, 2X160 TSMC 0.25u (to be presented today)

— Radiation tolerant techniques forced us to design a new front-
end with a new |eakage compensation strategy.
o 2000: preFPIX2 I, 18X32 0.25u CERN process (In fab)

— Same as FE cell asin preFPIX2_T but with compelete fast non-
triggered RO.

e A. Mekkaoui 6/9/00 2



FPIX1 front-end
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See the proceedings of the 1999 workshop on the electronics for the LHC (Snowmass) and references therein.
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Main radtol design constraints

o Thefeedback structure used two NMOS devices and a biasing
PMOS device (as a current source Iff).

* Inthe previous design: stability, noise and proper shaping relied on
having along (W/L << 1) N-channel device in the feedback (Mf).
» Leakage current tolerance insured by the feedback structure.

e Problemsto implement present DSM radtol design:

— NMOS in 0.25mhas higher transconductance than in 0.5mprocess.
— Minimum enclosed NMOS has W/L around 5. (See the RD49 reports.)
— Enclosed NMOS with its required guard ring occupy large area.

g . . . . .
@ !t squas impossible to implement the present design in the available area
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Feedback solution

e One NMOS feedback transistor
biased by a global voltage VFF.

* VFF generated such asto track (to
the 1st order) the preamp DC level
shifts due to global changes (process,
temperature...)

 [Feedback is current controlled as

before. This current can be much sensor
higher than in the previous scheme. 1D

e [tismorerdiableto work with
higher currents.

» Leakage current compensation

assured by a separate scheme (next
dide).
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L eakage current compensation scheme
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=> Compensates only one polarity.
=> The new scheme, though more complexe, occupy a modest area
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L eakage current compensation scheme
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TSMC & & the* CERN process’

o After some comparative work we decided to constrain our

design to work well whether implemented in the “ CERN”
or TSMC process.

e Minor additional layout is required to submit to both
processes (mostly through automatic generation)

e TSMC isoffered by MOSIS (4 runs/year). 6 runs/yr Is
planned.

* |tiswiseto have a2nd source for production.

=> CERN process is the process selected by CERN to implement their deep sub-
micron radtol designs.
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preFPIX 2

o preFPIX2isthefirst prototype we designed to investigate our ideas
and to test the radiation hardness of the TSMC 0.25mprocess. It
contains 8 pixel front-end cell and several isolated transistor.

Test structures
E B EEEEENEEN
8 prefpix2 front-end cells
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Typical front-end response

File Control Setup Measure Analyze  Utilities  Help 344 Fhd

Lineanty. Qin from £.5ke-10 12.5ke

Buffered output of the second stage
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Feedback control
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Feedback control

Fall time and amplitude versus feedback control current
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Feedback control

Fall time and ENC versus feedback control current
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|eakage current compensation

File  Control Setup Measure Analyze Ltilities  Help 10:05 &b

250 Mials #fwgs: 256

After thefirst nA no change in the response is observed !
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L eakage current compensation ||

Leakage current of 40,60,80,100 and 300nA
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Response to large signals

File Control ZSetup Measure Analyze LUtlities  Help 354 P

:'-'_I 5 D H E: d ."I o #H W% E 5 E|

B00 nzdiv

e A. Mekkaoui 6/9/00



Linearity (small signals)

=> |deal gain = (1/cf)(Cc2/cf2) = (1/8fF)*4 =80 nV/e-

Vout (V)

Linearity (small signal)

0.8

o T (T SOOI . R -

0.5 5

D_q_“._.___._.uj_.“._._._._ju._.h:f
i T LR | N R . TN SN DY | DT TN

o (O . SO S, SN O S S — N—

L et MBI PECAVE I Dot g s,

0.0

2000

4000 G000
Qin (e-)

=> Spice predicted gain = 76 nV/e-
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Linearity (larger signals)

Linearity (4 channels from 4 # chips)
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Threshold control and matching

Qth vs VTh for 256 channels (5# chips)
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Threshold control and matching ||
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=> 25 channdls from 5 different boards.
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Noise (measured from efficiency curves)
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PreFPIX2 T

PreFPIX2 T is2X160 pixel array. Each pixel cell contains al the functions needed for
the BTEV experiment: kill and Inject logic, 3bit FADC, hit buffering, fast sparse RO.
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=> EOC logic implemented off chip.
=> The analog and digital outputs of the two upper cells
are available for direct test and characterization.
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Top cdl buffered outputs
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preFPIX2 T front-end
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Same FE as preFPIX 2 except that the injection transitor isa PMOS and the injection cap is realized with

m1/m2 sandwich (2.6fF) instead of m1/poly (4fF). 2nd stage feedback “resistor” not shown.
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preFPIX2 T pixel cel
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PreFPIX2_T: pulse shapes
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Irradiation of the PreFPIX2 T

We have irradiated several test structures from two 0.25mprocesses, from TSMC
and a domestic vendor.

Besides the individual devices we have irradiated also the prefPIX2 and
preFPIX2 T pixel circuits

The irradiation took place at the Co® irradiation facility of the Argonne National
Lab.

A complete report on the results is still under preparation.

Partial and VERY preliminary results from the test of the preFPIX2_T will be
presented today.

Dosimetry accurate to 20%.
No filter for low energy particles was used.
All the results shown are after 1 to 7 days of annealing at room temperature.

In all subsequent slides rad should read rad(SIO,)
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General effects after 33 Mrad

e Chip fully functional

* No degradation in speed (as inferred from the kill/inject
shift register operation).

e Lessthan 10% changein “analog” power. Power was less
after irradiation. Understandable from circuit point of

view and isdueto small VT change in the PMOS (<50
mV).
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Total dose effects on front-end
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Total dose effects on front-end
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Total dose effects on front-end

Before irradiation

File Control Setup Measure Analyze Utilities Help

After 33 Mrad

File Control Setup  Measure

10:37 AM

Matninal 3260e-and 65208~ chantiel B After
33 Mrad.. @ higher IFF

=> 3 mV DC offset shift (due mainly to output buffer)

=> < 4% Risetimedifference
=> < 5% changein fall time.
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Linearity before and after 33 Mrad

Linearity before and after 33 Mrad
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=>7 % max gain error. Believed to be due to output buffer only.
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Rise and fall time before and after 33 Mrad

Fall time Vs dose Rise time Vs dose
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=> Changes are minimal and may disappear after annealing.
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Noise and threshold distributions

NMOISE DISTRIBUTION vs DASE THRESHOLD DISTRIBUTION vs DOSE

@ minimurm threshaold

100 70

33 Mrad B0 33 Mrad
Moan =10 0 Mean =980 e-

sigma =23 e- s sigma =184 e-

30+
20

10 4

a0 84 40 45 400 600 =800 1000 1200 1400 1600 1800

0 rad
Mean = 1085 e-
sigma = 198 e-

60 -
0 rad

Mean =67 e-
sigma = 26 e- 40

20 4

—= t t 0-

a0 85 40 a5 400 600 300 1000 1200 1400 1600 1800

=> Practically no change in noise and threshold dispersion.
=> 200 e- change in the threshold voltage.
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Effects at higher threshold

THRESHOLD DISTRIBUTION vs DOSE
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Readout typical output

Title:

screenbw.epi

Creator:

16500B

Preview:

This EPS picture was not saved
with a preview included in it.
Comment:

This EPS picture will print to a
PostScript printer, but not to
other types of printers.

JE
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Readout Max speed

Title:

screenbw.epi

Creator:

16500B

Preview:

This EPS picture was not saved
with a preview included in it.
Comment:

This EPS picture will print to a
PostScript printer, but not to
other types of printers.

JE
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Conclusions

e We successfully migrated our design from 0.5mprocess to
0.25musing radiation tolerant techniques.

e The design can be submitted to two different vendors.

o Chip performed as expected before and after 33 Mrad.
 Weare still working on the radiation results.

« DSM istheway to go for radiation hardness (if you can).
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