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6 Passive-CMOS test structures fabricated in 2016:
breakdown voltage < guard ring structure

Measurements: IV-characteristics, effect of junction breakdown [/; g\t}\

2D TCAD simulations: IV-curves, potential and electric-field e S
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Compare design features
6 test structures (label:“A”to“E”) differs in:

Edge region
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e The number of guard rings
(the N-ring to GR1 gap)
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FEATURES OF THE TEST STRUCTURES
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pwell
Pixel t Edge
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p- well Lo
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Inter-pixel structure Pixel implant/” N-ring

For all GR:
« Implantation type

(p or n+p)

« Inter-pixel structure DO S UE G

(p-stop or field-plate)
« Use of deep n-well
at the pixel and n-ring
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e CHARACTERISATION (1)

UNIVERSITAT LIV
« Structures A, B, C, D, F: OV or floating
ov / -HV
« Floating p-stop ?
n+ pt M Guard-rings pt
Pixell P-stop N-ring p-bulk

» Grounded n-ring (“default”): Potential drop

« Bias voltage across

guard rings T oo | >

« —> compare guard ; P :
ring designs

e Floating n-ring:
« P-stop and n-ringm
—> a part of the potential : Potential drop :
drop (0 to -HV) i >
« additional effect of the deep

n-well at the n-ring
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10* n 1 Structure
» Measured relations: A
F>C>B>D-A 109 102
» Simulation reproduced the relations ﬂ
between test structures = 0 ERU
» Except for A&D £ w0 £
S E o
&
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Control Group Compared Parameter Condition for higher breakdown voltage N-ring GR1
A&D Deep implants in the active region None (-) /
B&C size of GR1 gap Larger spacing between n-ring and GR1 (C)
B&D N-implant at the guard rings With n-implant at the guard rings (B) =% ' . wo "
C&F polysilicon overhang

Without polysilicon overhang structure (F)

M1

4 p-well »

QTT

The 43rd RD50 Workshop, CERN, 28.11.2023 — 01.12.2023

o



vV

UNIVERSITAT

Maximum potential drop

0
 Higher E-field —> easier avalanche breakdown __Sg’ucm_re_ S
g =50 —_—C = F]
« Highest potential drop between n-ring & GR1 Z More beneficial features
) ] 2 _100 [-—> smoother potential
 —> Max. E-field at the n-ring g
reflects the breakdown performance 2 S
S ——— < \——-—\\
« Beneficial features smoothen the potential distribution —200 .
_ Pixel NR  GRI GR2(GR1) GR3(GR2) Edge
e —> reduce the max. E-field , , at -HV
% :’ \‘ Structure
: Sty ot
o Structure F: = l’\_I‘ - More beneficial features
« Most beneficial features < 1° ] > lower E-field
= [
« Highest breakdown voltage 2 10 [V R ,‘
. . § Q\\ AN
« —> implemented in DMAPS prototype = =
LF-Monopix2 . o | o R T |
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Maximum E-field Position (um)
7
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PP |l P Pmemm:"ip jmig] Pixel P-stop N-ring GR1 D deep n- Well
] up ug ] ] (] D ~_higher potential
10° n Structure - Sample 0 \ / _btAm(hue !
. ! ;:‘ Al _. 50 \— Y | |
Structure A Structure D oY - Sﬁgi - \\_——\ ‘ i
10° e |2 . \
 Breakdown voltage: D > A a o R
(both simulations and measurements) ER i e N =
Swp BARBER . high E-field s
« Max. E-field in A is higher, due to the large o Suig | |
potential difference T 32
—> smaller breakdown voltage 10" “‘T £ By
B \
1072 0 ] —
—400 —300 —200 —100 0 0 20 40 60 80 100 120
° Bias Voltage (V) Position (pm)
—> higher potential than standard n-well
—> test structures for RD50-MPW3 submission
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[ M1

Pol ; MOS structure:
Structure E modifies the local potential

STI

« Additional voltage at the

field-plate V.
20y 0V Vpoly -HV
n+ Field-plate| n+ | Guard-rings pt
Pixel N-ring p-bulk

« Focus on floating n-ring:
—> Field-plate becomes
a part of the potential drop

Potential drop

—> Influences the breakdown? [ > >
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Structure E (measurements and simulations):

Vpoly

field-plate

—> increase of breakdown voltage
Vpoly =-—150V
—> early breakdown

=0V,-50V,-100V at the the

. Large |V

Potential at the floating n-ring is lowered with

ramping bias, and pinned to Vp

oly

Important E-field peak at

Pixel: /* with /| V.

poly | » then saturates

N-ring: \ with .7 |V, |, but 7 with /7
| Vbias |

—>“max.” E-field (the candidate)

—> reduced by |V, | leads to higher

breakdown voltage

poly | causes too high E-field at the pixel

implant —> early breakdown
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UNNERS.TATﬁ SUMMARY AND CONCLUSION

» The relation between the breakdown performance and the guard ring design for unirradiated case was studied based on 6
passive-CMOS test structures through measurements and simulations

Raesn | ———n[  FLEELS | (o
Optimise Increase g

» Beneficial design features:

T &

N-ring GRI

« Use n+p implant. Enhanced by deep n-well @
N

» Large gap between the n-ring and the nearest floating guard ring

» Overhang: pwell | NW
» Creates higher electric field —> smaller breakdown voltage | ' @
—

T_ pwell | 1
T

» Field-plate:

Increasing | Voo |
5

» Applying voltage controls the distributions —> increase the breakdown voltage ,
—> test structures with “full poly-rings” have been fabricated ' i\\
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“Floor plan” of MPW3
Chip ring

Floating PW

Pixels +
digital
periphery

& pads, etc.

/7 \’
Large floating / grounded -Hv Edg(/e blaS
< > I T

Floating PW

grounded

Floating guard rings ‘

]
(grounded n-ring) (grounded n-ring)

(floating n-ring)

« New chip ring
(previous RD50 workshop)

o DNW substitutes PW

(this presentation)
o —> higher BDV

grounded grounded -}-%V
Pixel ‘ Deep n-well ‘ ‘ Floating guard rings ‘
p-stop N-ring
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UNIVERSITAT High field when grounded
« Keep the PW Reduced by new GR
» old & new guard ring designs, floating & grounded n-ring 9?&"""" f'oaﬁng/alnded -ljfv

. H]gh E-field Pixel u ‘ Floating PW ‘ \—‘ ‘ Floating guard rings ‘

p-stop N-ring
]
(grounded n-ring) (grounded n-ring) (grounded n-ring)

 at the n-ring: for grounded n-ring
—> old chip ring (RD50-MPW3) limits the breakdown

—> in MPW4 SOlveS it (floating n-ring)

« at the pixel: in all cases o *  GlaGR_PW_Grouna
region under PW hard to be depleted Hard to o semn P Sevsa
—> PW at bias potential, large potential drop .8 be deplete TR W o
_ S sl New rings
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(independent of chip ring design) o - Large potential drop Old rings
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Other cases grounded n-ring
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» Use DNW (grounded), grounded n-ring, compare

old & new guard ring

e Grounded n-ring & DNW

 —> regulate the potential between the
matrix and the guard rings

« —> full depletion, and small voltage

difference
« —> guard ring design determines the
breakdown
" TNewGR Old GR

IV curves

¢¢¢¢¢¢¢¢¢¢

Reduced

DNW: max. field

SUBSTITUTE THE PW WITH DEEP N-WELL

PW: max. field

grollfndi grou{de;

u ‘ Deep n-well ‘ ‘

Floating guard rings

p-stop N-ring

(grounded n-ring)

potential differences

—— OldGR_DNW_Ground
—— NewGR_DNW_Ground

Reduced field

v

,,M

|—— OIdGR_DNW_Ground
-~ NewGR_DNW_Ground
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Simulation of the breakdown performance of MPW3 and modified structures

The guard rings and the large floating PW outside the pixel matrix limit the breakdown performance

e Improvements:

» New guard ring design:
—> smoother potential distribution close to the chip’s edge

» Grounded DNW substitute the floating PW:
—> regulate the potential between the pixel matrix and the guard rings
—> improve the depletion and reduce the high electric field

Goal: increase breakdown voltage —> enables larger depletion width
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Label Implant Overhang # Rings (GR1 Gap) Inter-pixel structure Deep n-well
—> A p Yes 6 (8 um) p-stop [No |
_>|:—> B Yes 6 (8 num) p-stop Yes
>~ C n+p 5 (32 pm) p-stop Yes
—»L > D o] Yes 6 (8um) p-stop Yes
E n+p Yes 5 (32 pm) field-plate Yes
—— F n+p No | 5 (32 pm) p-stop Yes

e 4 control groups
o A&D: deep n-well
o B&C: number of rings (the gap size)
o B&D: n+p implant
o C&F: overhang

» E: different voltages at the field-plate
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