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@ LIVERPOOL Testbench for one pixel — Schematic (l)

o ADDROUTB<7:0>, OUTTSB0<7:0> and OUTTSB1<7:0> are sent from the pixel
output to the EOC input
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g LIVERPOOL Testbench for one pixel — Schematic (ll)

o There is one EOC circuit per column in the matrix (so, one EOC circuit in this
testbench)
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= [IVERPOOL Testbench for one pixel — Config view

Virtuoso® Hierarchy Editor Editing: (LFRUN2_TEST _GEN_2019_RAIMON TEST_PRIONAND50X50_4

Eile Edit ¥iew Pluging Help cadence
o 2 dllz d @ | | B
[_Top cell 7)3 x| [_Glohal Bindings 78 X
Library: LFRUNZ_TEST_GEM_2013_RAIMON Library List: hasic analoglib LFRUMZ_TEST_GEMN_Z019_RAIMON —
Cell TEST_PRIONANDSOXS0_4PIXELS Wigw List verilogams veriloga behavioral functional module av_extracted schematic spectre symbaol —
Views  schematic
Stop List: symbal spectre -
DOpen | _Edit _ADEL Canstraint List -
Table View Tree View
Cell Bindings
Library | Cell | Wiew Found | Wiew To Use | Inherited View List |
LFRUMNZ BUF_®16_ISOLATED_DIGITAL_LY schematic verilogams veriloga behavioral functional module av_extract..
LFRUMNZ BUF_¥1_ISOLATED_DIGITAL_LY schematic vetilogams veriloga behavioral functional module av_sxtract
LFRUMNZ DFS_¥1_ISOLATED_DIGITAL_LY schematic schematic verilngams veriloga behavioral functional module av_exract
LFRUMNZ ECC_1BIT_CELL_INV_ISOLATED_DIGITAL_LY schematic verilngams veriloga behavioral functional module av_exract
LFRUMNZ ECC_1BIT_CELL_ISOLATED_DIGITAL_LY schematic verilngams veriloga behavioral functional module av_exract
LFRUMNZ EOC_UNTRIGGERED_ISOLATED_DIGITAL schematic verilogams veriloga behavioral functional module av_extract..
LFRUMNZ INY_X1_ISOLATED_DIGITAL_LY schematic verilogams veriloga behavioral functional module av_extract..
LFRUMNZ_BIAS_BLOCK. 1_MIRROR_VPEIAS schematic verilogams veriloga behavioral functional module av_extract..
LFRUNZ_BIAS_BLOCK Z_MIRROR_VBLR schematic vetilogams veriloga behavioral functional module av_gxtract
LFRUNZ_BIAS_BLOCK. 3_MIRROR_WMNCASC schematic verilngams veriloga behavioral functional module av_exract
LFRUNZ_BIAS_BLOCK. 4 _MIRROR_VMNSF schematic verilngams veriloga behavioral functional module av_exract
LFRUNZ_BIAS_BLOCK. 5_MIRROR_WMN_1102 av_extracted verilngams veriloga behavioral functional module av_exract
LFRUMNZ_BIAS_BLOCK. G_MIRROR_VPFE schematic verilogams veriloga behavioral functional module av_extract.. e
LFRUMNZ_BIAS_BLOCK. T_MIRROR_VNSENSBIAS schematic verilogams veriloga behavioral functional module av_extract..
LFRUMNZ_BIAS_BLOCK. G_MIRROR_VPTRIM schematic verilogams veriloga behavioral functional module av_extract..
LFRUMNZ_BIAS_BLOCK. 9_MIRROR_VNCOMP schematic vetilogams veriloga behavioral functional module av_extract.
LFRUNZ_BIAS_BLOCK. Bl&S_BLOCK_MODEL schematic verilngams veriloga behavioral functional module av_exract
LFRUNZ_BIAS_BLOCK. BiasBlock_des_cap schematic verilngams veriloga behavioral functional module av_exract
LFRUNZ_BIAS_BLOCK. CURRENT_SOURCE schematic verilngams veriloga behavioral functional module av_exract
LFRUNZ_FIXELS FIXELFEIZ_PRIONAND_S0x50 av_extracted av_extracted verilogams veriloga behavioral functional module av_extract..
LFRUMNZ_PIXELS FIXELFEI3_PRIONOR_S0x50 av_extracted av_extracted verilogams veriloga behavioral functional module av_extract..
LFRUMNZ_TEST_GEM_2019_RAIMON BUF_Xx20 functional verilogams veriloga behavioral functional module av_extract..
LFRUMNZ_TEST_GEM_2019_RAIMON ClkReset werilogams verilogams veriloga behavioral functional module av_extract..
LFRUNZ_TEST_GEM_2019_RAIMOMN SENSOR_FM_MEW verilogams verilngams veriloga behavioral functional module av_exract o)
LFRUNZ_TEST_GEM_2019_RAIMOMN SlowClockGen functional verilngams veriloga behavioral functional module av_exract
LFRUNZ_TEST_GEM_2019_RAIMOMN TEST_PRIOMANDS0XS0_4PIXELS schematic verilngams veriloga behavioral functional module av_exract
LFRUNZ_TEST_GEM_Z019_RAIMON control_unit functional werilogams veriloga behavioral functional module av_exiract..
LFRUMNZ_TEST_GEM_2019_RAIMON th_TEST_PRIONANDS0x30 werilogams verilogams veriloga behavioral functional module av_extract..
analogLib cap spectre verilogams veriloga behavioral functional module av_extract..
analogLib pcapacitor spectre verilogams veriloga behavioral functional module av_extract..
analogLib presistor schematic verilngams veriloga behavioral functional module av_exract
analogLib res spectre verilngams veriloga behavioral functional module av_exract
analogLib v spectre verilngams veriloga behavioral functional module av_exract

Mamespace: CDBA  Filters: OFF  Update: Meeded
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Testbench for one pixel

— ADE

[H ADEL (6) - LFRUN2 TEST GEN_2019 RAIMON TEST PRIONAND50X50 4PIXELS V2 config _ O
Launch  Session Setup Analyses Variahles OQuotputs  Simulation Besults Tools Help cadence
(&= e
Analyses 7@ x| —
2AC
Design Yariables _ Type |[Enable| : Arguments | ==
— T | VRS ltran " 0 1m conservative @
1 BL 300m
2 DELHI 400m =
3 DELLO 1.2
4 M_ELR a7 ®
= N_WH g .
o vicAse 2 | plot the address of the pixel
7 M_WNCOMP 17 . MamesSignal/Expr | Walue | Plot| Save| Sav . .
LR i o Crae.siectors 409Ky (that sees the particle hit) at
g M_WNSEMSEIAS |16 2 1_Charge_electrans_MWELL -4432K | v |
10 M_VNEF 24 3 2_Fower VDDA 3zu ¥ | - ni I
11 N_WFEIAS 26 4 AMPOUT ¥ ¥ ves plxe OUtPUt
12 M_VWFPFE a2 5 SFOUT v v ves
13 M_VPTRIM 30 G COMPOUTT ¥ v yes = EOC Output,
14 YDD 18 7 COMPOUT_2 v v yES
15 V0 g HToUTT FRPRLL but not at the CU output.
16 YSENSBIAS 16 g HITouT 2 ¥ ¥ yes
17 VIS4 15 10 LE v v ves d p d d pl y
i - « « = Readout speed does not pla
15 W_PULSE 18 12 I1/I0/AWRINTLEE v v yes I o h . I .
20 electrans 587n 13 |1/IDAHRINTTEB v v e aroiein t ese simu atlonS.
ol 14 11/10/ROINTE v v yes
b et e & _§ & § § & 8§ &8 & N 8§ |
15 ADDROUTE=T= ™ ™ Ves
15 ADDROUTE<E= ™) ™ yes
17 ADDROUTE<S> ¥ ¥ YEs
15 ADDROUTB<4> ¥ v ves
15 ADDROUTB<5> ¥ v yes
20 ADDROUTE<2> ¥ v yes
21 ADDROUTB=<1> ¥ v ves
22 SDDROUTB<0> v v yes
24 SEROUTADRESS<14> ¥ v ves
25 SEROUTADRESS<13> ¥ v yes
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@ LIVERPOOL Post-layout simulation — 2 pixels

- AMPOUT =5
= SFOUT o 0 = : e :
- COMPOUT ="' g R

%
LE s g E=s
T | |
= HITOUT_1 2 | ==
= HITOUT_2 s =
WRINTLEB mg :
= WRINTTEB g :
= RDINTB g g ~
= ADDROUTB =" | ES: = 3
- SEROUTADRESS MS | ====
= SEROUTADRESS<0> - §.2:5 % | |
et
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* LIVERPOOL Post-layout simulation — 2 pixels zoom

ADDROUTB<7 0> *

I /ADDROUTR< 7>
B /ADDROUTR<25 @ N7.5%my ] [ T
/ADNROUTR<3> 2 -57.1141mv
B /ADDROUTRS 5> 2 -30.363RmY S
ZADDROUTR< 1> ® S7R601mY
B /ADDROUTR< 05 * 1.R1520% ]
9 /ADDROUTR< 43 e sraasamy 100 o
/ADNROUTR<6> ® 106.R63mY E
>
5 | j
SEROUTADRESS 4 P—— [ v
<15:1> .
20
B /SPROUTADRRSS €155 E
Bl /SPROUTADRFSS< 14> @ 4om2ny 1,75 3
I /SPROUTADRPSS < 7> @ 407y ]
/SPROUTADRPSS< 13> 2 someny 1.5 4
1 /SPROUTADRPSS< 11> 407020 E
/SFROUTADRFSS<4> 2 somzne 125 3
/SPROUTADRPSS< > X ]
B /SFROUTADRFSS <55 : aomzny S 10
/SPROUTADRPSS< 10> ® 4o 5 oo 3
B /SPROUTADRPSS<9> @ somzne ]
B /SPROUTADRRSS <62 @ somenv 5 3
I /SPROUTADRPSS< 12> o 407020 E
W /SPROUTADRPSS< 2> - .0701n% .25 4
/SFROUTADRPSS< 1> = .078 E
B /SFROUTADRFSS< 3> ‘ aoreny 0.0
-25
2.0
B /SPROUTADRFSS<0> @ 4.07mv
1.75
SEROUTADRESS<0> g
125
81.0
=475
.5
.25
0.0 A
rm—— T 7T T T T T T T T T T T T T T 7 — T —T — T T T T T T
8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0

time (us)

o There is some coupling between neighbouring lines: ADDROUTB<0>=1.8 V and
ADDROUTB<1>=0.57 V (ADDROUTB<1> should be 0 V, as ADDROUTB = <00000001>)
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| only show the
metal routing lines

Metal routing lines
=0.32 um

Pixel layout

<:::\ These lines are
ADDROUTB<7:0>
(7 = left, 0 = right).
Spacing between

them is 0.32 um.

This line is
OUTTSBO<7>
(time-stamp).
There is xtalk

between
OUTTSB0<7> and
ADDROUTB<7>.
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@ LIVERPOOL Post-layout simulation — 4 pixels

= AM POUT o gisés 3 /\\\/ B 07 10my ] )r"\/ ’\\,
"SFOUT == fmi] e e e ===
" COMPOUT g i | i =
LE g Lo
- TE "g” | | |
“HITOUT_1 =55 e
HITOUT_ 2 “»si §
“HITOUT_3 -zl | { J =
HITOUT_4 s,
= WRINTLEB ~ ons™ =
= WRINTTEB 2" = =
- RDINTB vs™ : =
.ADDROUTB -z 1 | -
SEROUTADRESS s
" <15:1> =
SEROUTADRESS<0> w 520 3
T 3 e I...‘.,‘.,‘.,......;‘.;,.;......‘..‘...

1 November 2019 E. Vilella (Uni. Liverpool) — RD50-MPW1 post-layout simulations




’&°d UNIVERSITY

KR _ . . _ .
* LIVERPOOL Post-layout simulation — 4 pixels zoom

ADDROUTB<7 0> ?

IR E :
ADDROUTR<2> 2 |5§ 2mv 1,75 3 [ y n 1805V sl
B /ADDROUTR<0> ‘ 1.605% E
/ADDROUTR< 4> 2 -46.9m 15 4
I /ADDROUTR<3> 16.774m E
1 /ADDROUTR 5> 2 ssesme 125
B /ADDROUTR 1> @ 614.76mY ]
B /ADDROUTB< 6> ' 26.1mv E L0 E
=75 e
.75 ] S S . 614.86mV.
5 4
25 | A
SEROUTADRESS = o @ 165 26
.0 e " - 7 et J L i
<15:1> ] e
o5 3
2.0 4
B /SPROUTADRRSS €155 : 42716nv E
/SFROUTADRFSS<9> @ 4276n% 1,75 3
B /SFROUTADRFSS< 10> o 4.2716n% ]
B /SPROUTADRRSS< 15> : aznéw 15 3
B /SPROUTANRPSS< 4> 4271608 3
B /SPROUTADRPSS <63 2 aznen 125 3
/SFROUTADRFSS<2> 2 4271604 ]
/SFROUTADRPSS< 11> v 1.0 E|
/SPROUTADRPSS< 14> ® 4206 5 oo 3
I /SPROUTADRPSS< > @ 42716y ]
/SFROUTADRFSS< 55 2 4276 5 3
1 /SFROUTADRFSS< 3> ‘ 4.2716n% E
B /SPROUTADRPSS< 7> = 4.2716n% .25 4
I /SFROUTANRPSS< 1> - 2.2716n¥ E
1 /SFROUTADRFSS< 12> 2 aznew 0.0 7
.25 3
2.0 4
/SFROUTADRFSS<0> * 107.08n¥ E
1.75 4
SEROUTADRESS<0> g
1.25
8 1.0
=475
.5
.25
0.0 4
s
T T T T T T T T T T T — 71— — —T— T T T T T T T T
14.0 150 160 17.0 18.0 19.0 20.0 21.0 22.0 2.0 24.0 25.0

time (us)

o The voltage of ADDROUTB<1> increases with the number of pixels in the simulation!
o But still it is not enough to flip the bit, as SEROUTADRESS<1> = ‘0’
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Transient Response

Post-layout simulation — 8 pixels

= AMPOUT serasame &1 3} ¥ i A : i
>ssssoo BSE 927.308mV e 037.197my ]
= SFoUT wony S JE SRR %e  450.0 = = 450.0 A = .
wgSUDD
= COMPOUT mm 25 8 N n i
- 40
LE 1RY 82 -0 g
235 e Lav] m 1.8V
= TE et d I I [T | |
= HITOUT_1 1w 82'; E e L5V 1 av]
-
2.5 L
HITOUT_2 2601508 :
- e = : : e ¢ 531 S
= HITOUT_3 e 578 g f i M-—mm
s S —— =
HITOUT_4 aoman B ® 4,641V
_ 2s E /m B> o 4.c37.1] B e i.c01)
= WRINTLEB s €7 § f B o) =
>§205 e — m S—— L -
= EB a0 B 1 f f . "
WRINTT 2 s E| _ ] J L S 5 401v)
= RDINTB 1A § ‘25 g U U m U R
2.0 306, 3 ) g T
sm ADDROUTB<7:3> § p g___.[ ! 2 _— 7 : = i — i 4 | - h = 2 AL
ADDROUTB<2> 1966 82';5 g 155.3mv " 59.39m 33 16mY
25 p ® 198.7mV | @ 195, 8mV_
= ADDROUTB<1> o 870 JEES st e e R T e e ey ey
=5 e o
2.0 . . . . ’ . » e . — B i : = : : . 1.794V]
= ADDROUTB<0> ""“‘"325 === SR B n L — ey | i i . £ frat) EEE :
14 SEROUTADRESS <15:4> 5T e B TR O S O S S RSl
~-6.0
= SEROUTADRESS<3> aacane 250 ] »
>§205
SEROUTADRESS<2> =T g | | w
>£205
= SEROUTADRESS<1> m§ 5 E| | | | ]
2.0
SEROUTADRESS<0> o
0. D 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0 40.0
time (us)

o |l don’t understand what is going on from 0 to 24 - 26 ps. It seems some sort of initial
transient (it also happens when there are less pixels, but it is a lot shorter).
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* LIVERPOOL Post-layout simulation — 8 pixels zoom

ADDROUTB<7 0> *

I /ADDROUTR< 0> i et E
B /ADDROUTR<6> ® -20.4923mY el : . 1.79445V N
/ADNROUTR 7> 2 23.0583m¥ |
/ADNROUTR< 4> 2 -26.179mv ]
I /ADDROUTR 5 ® -33.176mY 15 4
B /ADDROUTR< 55 * 11.6679mv
B /ADDROUTR< 15 . 637.401mv
/ADDROUTR< 25 : 196.827m¥
1.0
SEROUTADRESS "] =
. 5
<15:1> ]
1 l i
0 4 x - = % - —— -
0.0 1§ L 5 j 2 04023mY. :
=5
2.0
B /SPROUTADRPSS< 15> . 4.30166n%
1 /SPROUTADRPSS <35 ¢ 430166n%
B /SFROUTANRPSS< 7> * 4.30166nY 1.75
B /SFROUTADRPSS<63 . 430166mY ]
B /SPROUTADRPSS< 13> 2 430166n% ]
/SPROUTADRPSS< 19> @ 430660 15
/SPROUTADRPSS<2> * 4301660
1 /SPROUTADRPSS <123 . 4301660
/SPROUTADRPSS <93 : azoébny 125
= srenimanEee. R a 4301660
+30166n%
SEROUTADRESS<0> =wwert '
- £30166nY >.75 ]
/SFROUTADRPSS<0> - 14.7R04mY d
B /SFROUTADRFSS< 4> ® 430166nY
.5
.25
0.0
-25
r T T T T T T T T 1
32.0 33.0 34.0 35.0 37.0 38.0 39.0 40.0

time (us)

o ADDROUTB<0>=1.8 Vand ADDROUTB<1>=0.63V
o Still no bit flipping in SEROUTADRESS (after the initial transient)
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@ LIVERPOOL Post-layout simulation — 16 pixels

Transient Response Fri Nov 1 19:21:56 2019
B AmpouT s 927 164mN 81 - g :
650. 0
B srout . 449.99mV %350 0 g
2.0
B compouT . 40.06u8 8 .95 g
LE é 1.5Y 8 _2'205 g
HTE i 1.5Y 8?'205 g :
W HITOUT 1 ] 1.8V 82'55 g
2.0
HITOUT_2 . 46240y 8 g
2 S
W HiTOUT_3 o 1.RY g g
2.0
HITOUT_4 & 4.6251uY 8 i 5 g
B WRINTLEB . 2.335u¥ 8 25 %
2.0
B WRINTTEB 3 2.663uV 8 .95 g
M RDINTB i 1.6¥ g ?'205 g
7 ADDROUTB<7:1> = _2'50 g
2.0 -
B ADDROUTB<0> & 1.7R5Y 8 .95 %
12 SEROUTADRESS <15:3> %’ ;66.00 g
2.0
SEROUTADRESS <2> a 136.0mY S .95 g
222D
B SEROUTADRESS<1> ¥ 136.0nV g .95 g
2.0
SEROUTADRESS<0> & 136.0m% g .95 g
T T 1
0.0 10.0 20.0 30.0 40.0 50.0
time (us)
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@ LIVERPOOL Post-layout simulation — 16 pixels

ADDROUTB<7:1>

|
|
2

B ApDROUTB<0>

B SEROUTADRESS<15:1> 2

|
1©

SEROUTADRESS<2>

B SEROUTADRESS<1>

SEROUTADRESS<1>

1 November 2019

217.44mV
656.4RmVY
34.733mY

136.0n¥
1BEony 2.0

136.0n¢ 2

= -2.0

-6.0

2.0
136.01nY

81.25

= .5

2.0
136.01nY

81.25

= .5

- 25

2.0
136.01mY

81.25

= .5

- 25

e 136, Un\f‘\

136.0nV

time (us)
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ADDROUTB<0> =

Post-layout simulation

1.8V 0.9
0.8 -

0.7

0.2 -

0.0 ——

= ADDROUTB<1>
e ADDROUTB<2>

10 15 20 25 30 35 40
Number of pixels

AV = AQ/C
| always inject
the same amount
of charge (4k e)
to one pixel. |
should see a
linear behaviour?
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