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MONOLITHIC DETECTORS
1987-1992

Graduate student with Prof. Plummer

Sherwood Parker — U of Hawaii worked with Stanford and just had a new
proposal for the development of a monolithic detector

Started working with Sherwood and Jim on monolithic detector project early
1988
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MONOLITHIC DETECTORS IN CMOS
Reverse bias for charge collection by drift

sensor chip (e.g. silicon)

Collection High energy
electrode particle

EAD

v

electronics chip

= Develop monolithic pixel detectors integrating readout and detecting elements
by porting CMOS to higher resistivity substrates

= Motivation: very interesting for tracker and pixels !

= Good radiation hardness (charge collection by drift).
= Monolithic integration

= Low capacitance for low power consumption = KEY TO LOW MASS
Easier overall integration
= Cost
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LOW CAPACITANCE FOR LOW POWER

The importance of Q/C

Take transistor noise at 40 MHz BW for 1 uA
(LuA/100x100 um pixel = 10 mW/sg cm)

Veq ~0.16mV
S 0.4C
_:25:9:4m\/:£ _ :OO4fC
\ c 1pF | 01pF | 10fF
—
Collection depth 300 pm 30 um 3 um

>
Noise is only very weakly dependent on the current:
(Power~(Q/C)2+4) for same S/N
more Q/C allows very significant power reduction for
same S/N (useful eg for smaller pixels)

Monolithic: want SMALL collection electrode for low C
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CHARGE COLLECTION ONTO A DESIGNATED COLLECTION ELECTRODE

i extra diffusion collection electrode
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P— substrate N=1012 cm3 Tback si:!e

Collection electrode at gnd, Vextra diffusion = -5V, Vback=-80V

Extra diffusion collects charge from a significant fraction of the
depleted volume !!
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CHARGE COLLECTION ONTO A DESIGNATED COLLECTION ELECTRODE

N — i 1
E 80+ — V=70V —
- - = Y =-BOY
_2 80 4— - W =-00V ]
?E 40— Full signal 1 E
2 .
g collection
E 20 _\\N\\ -
-E' . L .
= ,l_Signalloss N\ st | S |
0 = 10 15 20 15 16 17 18 19 20
- Vextra gutusion (V) - Vextra dittusion (V)
Need large voltage on extra diffusion Beyond voltage limit for charge loss
to avoid signal loss punchthrough between collection

electrode and extra diffusion setsin...

=> Placing readout circuit directly in the substrate and connecting
to the collection electrode is difficult
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AWELL FOR THE READOUT CIRCUITRY

Proposed by S. Parker to shield circuit from detector part

R

M-well containing circuitry
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AWELL FOR THE READOUT CIRCUITRY

Minimum well bias needed to avoid undepletion and large current

M-wall P.iype collection slectrode M-wall P:type colleciion elecirods
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A few V above the limit. A few V below the limit.
Charge is collected on the A large current flows between
collection electrode. Nwell and back side
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AWELL FOR THE READOUT CIRCUITRY

Minimum well bias for a 200 um wide collection electrode and various well sizes

S 00— 1 | |
- 704 = W_ = 40um -
i s W_, @ B0 UM +
= 604 = == W_= 120um o |
s04- W= 1mml * #F'_,,.p-l-"":-
a0t P =
l-..'.I - L
30 - B2 T e -
20 e
104
0 20 40 60 80 100

Voacx (V)

Large minimum well bias
even for a very large collection electrode !!
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USE OF AWELL WITH BACK SIDE JUNCTION

P — collection electrode Nwell

- <

P— substrate N=1012 cm-3

( ]
\ Back side N+ junction
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USE OF AWELL WITH BACK SIDE JUNCTION

N-type back side conlact

P-type collection electrode covers 1/10 of the width.
Full depletion required (otherwise short between collection electrodes)
At zero well bias and full depletion punchthrough between Nwell and N-
diffusion on the back
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Sherwood Fest — 2012




USE OF AWELL WITH BACK SIDE JUNCTION

Minimum well bias to divert flow lines and eliminate punch through

P.type CE N-wal E‘ 1e-08 | |

S ———— _ﬁuﬁ < 1e09

) ) N ) ) | e

’ '| i 1e-11

3 1e-12

' | . : ] 1e-13

- | . s .

u | ] M2 4 6 8 10

M-type back side contact Ve (V)

A few V on the well (with 65 V on The back side to Nwell current

the back) diverts all flow lines to the drops by orders of magnitude as the
collection electrode. punchthrough is eliminated.

A potential barrier is formed
underneath the well
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USE OF AWELL WITH BACK SIDE JUNCTION

Well bias and potential barrier

Midgap potential (V)

To
60
20
40
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0

I | | |
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depth (microns)

N-typs back side cantact

Increasing the well bias increases the potential barrier and moves the potential
valley deeper into the substrate
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USE OF AWELL WITH BACK SIDE JUNCTION

Well and back bias and depletion

Ptyps CE H-wall

Atlower back [T

e raaslmas

bias not fully

depleted (left). E
Need a few V 3 E
(4V) on the | L]
Nwell for full | | j E
depletion (right)  ° rrrrry— '

At high well biases
(20 V left)
undepletion occurs
progressing over
the full width when
Increasing the bias
further (30 V right).

ety L -
M-iypa back slde contact
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FINAL DEVICE & OPERATION LIMITS

Importance of device simulations

CMOS readout and E;{‘E}ESH containing 2 % Maximum well bias
control electronics ey / g M~ - ~___ (process dependent)
. > I Breakdown
Yy N Punchihrough
- n - : : Allowed arca
o Fos (2 L snast L s Ao Vi I —

WA " Depletion limi

E
g Drift paths ‘I*H Collection

electrodes g

\ Limit for undepletion

50
cen Depleted
N-diffusion P - Isolati _
Not to scale S“bstgf" \5“?“2332 0 uJ_LLl:)JJdL‘ilO—LL’ b b,
= Need full depletion (N=1012 cm3) Operational limits
= Back side processing (3 masks) Importance of device simulations:
2D (PISCES)

3D (DA VINCI, available in 1992 only)
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PROCESSING

Gettering on the back side using polysilicon & phosphorus implant

Die cui

N\ " Bl (
e | Pooubstrate
| o —
K - - = EEE Blanket low doss B High dose N-type diffusion dus
l.— Collection "“L_‘E“_ _{.'I_Z% o F f_“fﬂ_'“‘* k N-diffusion i outcifTugbon from poly after
———— e . blankes phospharus imp
BB p-well {with ficld implandt T N -diffusion EZEEE High dose P<type Deld s I‘u!:,‘i:iﬁcu:nu;u'-'cr_:gdwilh
al inlerface excopt at CE) B Polysilicon covered with impland locally awerlurming selectively depes
EEE Nowell Entlﬁj-;sl.li:;;:";tpﬂﬁil:ﬂ N=diffusion tungsien
Bl P -diffusion tungsien. FH Combination of grown
EEEEE leial and deposited oxds Mot 10 scabe
= Thirteen masks on the front side "

Three masks on the back side,
Difficult in standard foundry

= |Improved afterwards by trench
etching (Julie Segal)
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PIXEL CIRCUIT

125x34 micron pixel
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Ccollection electrode=26fF
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Measurements

Am?441 Source

w E00 i i i |
% 500
% 400 1+ w _
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2 200} -
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C=26fF P-type 1E12 cm = - o
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Beam test at Fermilab
(dec 1991-jan 1992)
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ACKNOWLEDGEMENTS
Sherwood

» Lots of work behind the scenes to make
things possible (funding, administration,
getting beam time at end of run, getting in
touch with FIB company, etc...)

= Patience, always making time to
understand and explain, and come back
with key suggestions (Use of a well,
keeping wafers behind, etc...)

= Monolithic remains a hot topic today

= Tour guide in Chicago, Beatles, evening
discussions...
= Hawalii
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Thank You !
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