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@é’é OTA Macromodel
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IC

INSTITUT DE FISICA
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@ Simple OTA macromodel derived from Sedra & Smith 2009 Appendix B.1.1.

r=2*Rin

r=2*Rn

agoin=Atld

eqain=ARe2

sgain=1




@é’é OTA Macromodel IFIC

INSTITUT DE FISICA
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@ Input capacitance and resistance, divided into differential and common.

—

enain=Ade2

agoin=Atld sgain=1

r=2*Rin

eqain=ARe2

r=2*Rin
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@é’é OTA Macromodel

INSTITUT DE FISICA
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@ Independent common and differential gain.

agoin=Atld

eqain=ARZ

$in
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@é’é OTA Macromodel IFIC

INSTITUT DE FISICA
CORPUSCULAR

@ Compensated OTA, dominant pole through simple RC network.

agoin=Atld sgain=1

r=2*Rin

eqain=ARe2

r=2*Rn
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@é’é OTA Macromodel IFIC

INSTITUT DE FISICA
CORPUSCULAR

@ Model missing non-linear effects such as slew rate or saturation.

agoin=Atld

r=2*Rin

eqain=ARe2

r=2*Rn
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@é’é OTA Macromodel IFIC

INSTITUT DE FISICA
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@ NO output impedance, doubts in implementation for differential signal.

agoin=Atld sgain=4
]

r=2*Rin

eqain=ARe2

r=2*Rn
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@é’é OTA Testbench IFIC
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@Cg OTA Testbench Transient IFIC

8 /43

Rsrc=Rfb.




@é’@ OTA Testbench Transient IFIC

INSTITUT DE sy

cA
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o Basic measurements i nted (overshoot, rise time, slew rate

Vop_tri

Vop_tfall

Von_trise

Von_tfall
2776 m

-277.6 m!
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P OTA Testbench AC

o With R;,=1MQQ; C;n=10fF; Aogir=100k; Apcm=1; Row=1kE2; Cp,=16nF;

Wl zin_mod > 0.0

(M)

Phase (deg)
I
)
o

10° 10

freq (Hz)
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P OTA Testbench AC

o With Riy=1MQ; Cin=10fF; Aoqisr=100k; Agemn=1; Rpw=1kQ: Cpy=16nF;

503.648MHz -3.0dB

(dB)

-80.0
-100.0

0.0
Gd_ph @ o 3

500 3

Phase (deg)

-100.0 3

-150.0

10 10 10 10 10 10° 10° 10 10° 10

freq (Hz)

1 J

T
10 10

10

11/ 43



P OTA Testbench Stability

o With Riy=1MQ; Cin=10fF; Aoqisr=100k; Agemn=1; Rpw=1kQ: Cpy=16nF;

B Loop_gain_mod > 5003
35.0Hz, 93.975dB

40.0 4

= 9.77604kHz, 90.975dB

497.042MHz, 0.0dB

0.0

LOOPGAIN (dB)

-40.0

Loop_gain_ph @

150.0 A

100.0 A

LOOPGAIN (deg)

50.0

u 10° 10° 10

freq (Hz)

10 10 10" 10"
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@cg PZ Cancellation Shaper [FIC

INSTITUT DE FISICA
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@ OTA macromodel based shaper design still with ideal components.
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@cg PZ Cancellation Shaper IEIC

vvvvvvvvvvvvvv
vvvvvvvvvvvvvv

@ Testbench with parametric FLW source to select pulse shape.

vde=Vcte
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twey  PZ Cancellation Shaper Poly

@ Polystyrene shape almost fits clock period, but weird tail effect.

Transient Response Tue Feb 21 13:13:37 1
Name 2023
M win @ 104
I vin @
i @ 0.9
I pvon @
M vop @
0.8 5
0.7
E 0.6 5
>
0.5+
0.45
034
0.2
20.0 30.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0
time (ns)

Vidf_pw2%
Vidf_pk

Vidf area

Vidf A _PRE
Vidf A BX-1
Vidf A_BXD
Vidf_A_BX1
Vidf_A_BX2
Vidf_A_BX3
Vidf_A_POST

Vdf_pw2%h
Vodf_pk

Vodf area
Vidf_area_BX0
Vodf_A PRE

Vodf_A_BX0
Vodf_A_BX1

Vodf_A_POST

30.13ns
500 mv
4.692 s
-20.81 m%
48 m%
95.77 %
4518%
39.63 m¥
7.938 m¥%
-264.9 m%

15.11ns
746.3 mv
4.693 s
4.494 s
-33.9m%

-268.4 m%



@q’;’ PZ Cancellation Shaper GFAG

@ GFAG shape not fully available, but shaper reaches 25ns.

Transient Response Tue Feb 21 13:13:37 1
Narme 2023
900.0 VidF_pw2% eval err
M ain @ Vidf_pk 500 mv’
e @ 850.0 Vidf_area 26,69 -5
Vidf_A_PRE 3436 mk
i @ 800.0
Vidf_A_BX-1 1168 mk
1 ven bl Vidf_A_BXD 286%
e @ 750.0 Vidf A_BX1 30.35%
Vidf A_BX2 17.45%
700.0 Vidf A_BX3 10.65%
Vidf_A_POST 1296%
650.0
B
E600.0
>
550.0 Vdf_pw2%h 24.85ns
Vodf_pk 467.6 m¥
500.0 Vodf area 5.988 nv's
Vidf_area_BX0 7.635 s
450.0 Vodf_A PRE 2235 m%
B 1095 m%
400.0 Vodf_A BX0 91.62%
Vodf_A BX1 488.4 mt
350.0 2099 %
2125%
300.0 Vodf_A POST 3.704%
0.0 20.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0
time (ns)
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@é’é Gated Integrator

@ OTA macromodel based integrator design still with ideal components.

T Vref_om
Vag
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@é’@ Gated Integrator

INSTITUT DE FISICA
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@ Testbench with constant voltage and parametric gaussian pulse options.

Vg -
w2=dd,
r=10Ep
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Twey  Gated Integrator

@ Expected linear capacitor load but missing OTA saturation.

1.32 T
Jek @ 2000m S
>
0.12
M vin @ 200.0m 113
M vip P 200.0m
M von @ 200.0m 1073
M vop @ 200.0m

0‘9—2
D‘BE
0.7 = k
0.6 -
0.5 = {

0.4

V (V)

035

0.2

0.1+

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100
time (ns)
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Twey  Gated Integrator

@ Unity gain fitted for c=10ns gaussian centered in clock cycle.
1323
iclk @ 200.0m E g -
0.12

 vin
M vip
M von
M vop

200.0m
200.0m

200.0m

CCRC]

200.0m

T EEEmEE ERARRE ™ T T T T T e e
20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100
time (ns)
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Wq’;, Gated Integrator

@ As expected, ideal linearity with 0V:0.1V:0.6V pulse amplitude sweep.

W vseie @ 1.3

1.2 - /
1.1 T

10+ /‘

0‘9: /
e

" -
. =

0‘2: //./

wole

-0.1 =

Vsettle

1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0
Design Points
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22 /43

Track & Hold

@ OTA macromodel based T&H design with bottom plate disconnection.

Vref_cm

Vref_om

IC
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PR Track & Hold

INSTITUT DE FISICA
CORPUSCULAR

@ Testbench with constant voltage and voltage ramp options.

V1

~v2=Wdd 1B

=100 ) 2=y
‘ tr=10Ep

. ‘ . b= - -
whl ..
tupairs=3

sqein== 1.8

vl
w2=ydd,
tr=100p
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PR Track & Hold

24/ 43

o Clock generation follows ICECAL but phase and pulse width estimated by eye.

25.0
time (ns}




WA Track & Hold

@ Constant value simulation shows 200ns stabilization period.

950.0 =
i
M vin
M vip
M von
M vop

200.0m
200.0m 900.0 =
200.0m 850.0 -

200.0m

800.0 -

CRCEC RPN

200.0m
750.0 =

700.0 -

650.0 -

600.0 =

vV (mv)

550.0 =

500.0 -

450.0 -

400.0 =

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0
time (ns)
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WA Track & Hold

@ Ramp simulation shows almost fixed offset through voltage range.

M vin o0

i
M vip
M von

M vop

0.0
0.0 11
0.0

B89 g6

1.0
0.0

0.9

0.8

0.7

0.6

vV

0.5
0.4
0.3
0.2
0.1 E

0.0

013
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 12 1.3 1.4 15
time (us)
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@Cg Full channel IFIC
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@Cg Acquisition Preamplifier IFIC

@ OTA macromodel based double preamp design with 10x gain ratio.
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@é’é Gain Selection Comparator [FIC
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INSTITUT DE FISICA
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@ Comparator macromodel with tunable hysteresis and ideal components.

U peta=RI/(Rin4+Rfb)y
. Vhyst=2 beto Vdd




@cg Analog Multiplexer IEIC

vvvvvvvvvvvvvv
vvvvvvvvvvvvvv

@ Multiplexer macromodel with ideal components.
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@é’é Full channel

INSTITUT DE FISICA
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@ Testbench developed for the full channel ...

_runfig.ca

y

i

E..
i
o
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@cg Full channel IFIC

INSTITUT DE FISICA
CORPUSCULAR

@ but DC fails due to singular matrix in several blocks.

Error found by spectre during IC analysis, during .
ERROR (SPECTRE-160 : Cannot print DC solution because DC did not converge.
Resolve the convergence issue and rerun the simulation.

time = (0 s -> 205 ns)

B e e o
is singular (detected at "I10.I7.I0.Vgain' and "I0.I1.I0.

r “homotopy = gmin' for initial conditions

is singular (detected at "10.I7.I0.Vgain' and "I0.I1.I0.

Trying ‘homotopy = source' for initial conditions
@Matrix is singular (detected at "I10.I7.I0.vgain' and "10.I1.I0.

f Trying “homotopy = dptran’ for initial conditions
Matrix singular (detected at "I0.I7.I0.Vgain' and "I0.I1.I0
B Matrix singular (detected at "I0.I7.I0.Vgain' and "I0.I1.I0

1s
1s

ICEECALULANFy e FESFACAL L Poh R T187. 5060,
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@cg Full channel IFIC
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@ Failing blocks are different and in separate signal paths.

analysis,
t print DC
ve the conv

N TR oo VintgHe_p
em_iNT : : ) ) ) /em_TH time = (0 : N
2 B e S
d at "10.I7 ‘ e
r initial «
d at "I0.I0
for initial
d at "I0.I0
for initia] "EEEENEE—
Matrix is singular at "I0.I7.I0.Vgain' and "I10.I1.I0.E4:p").
MM Matrix is singular (detected at 'I0.I7.I0.Vgain' and "I10.I1.I0.E4:p").

VaholG_n
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@cg Full channel IFIC
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@ In all cases the issue is at the OTA macromodel ...

analysis,
t print DC
+e the conv

EERETEETE ey VintgHo_p

time

s intAHG_N
d at i . - . !

for initial

d at "I0.I0

for initia] ST
Matrix is singular (detected at "I0.I7.I0.Vgain' and "I0.I1.I0.E4:p’).

B Matrix is singular (detected at "I0.I7.I10.Vgain' and "10.I1.I0.E4:p").
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@cg Full channel IFIC

INSTITUT DE FISICA
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@ specifically with the last source isolating the output from the dynamics.

: Input:
o Impeddance
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Thanks a lot for your attention!



BACKUP



@q’;’ PZ Cancellation Shaper Poly

@ Polystyrene shape almost fits clock period, but weird tail effect.

Vo_diff Tue Feb 21 13:13:37
File 2023

Hame

800.0

700.0

66846
2

o 600.0

500.0

S 400.0

300.0

200.0

100.0

20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
time (ns)

110.0 120.0

1

Vidf_pw2t
vidf_pk
Vidf_area
Vidf_A_PRE
Vidf_A_BX-1
Vid?_A_BXO
Vidf A BX1
Vidf A BX2
Vidf A BX3
Vidf A POST

Vdf pw2t
Vodf pk

Vodf area
Vidf_area_BX0
Vodf A_PRE
Vodf A BX-1
Vodf A_BXO
Vodf_A_BX1
Vodf A_BX2
Vodf A BX3
Vodf A_POST

30.13ns
500 my¥.
4692 Vs
-20.81 m%
48 mi%
9577 %
4518%
39.63 m%
7.938 m¥
-264.9 m%

15.11ns
7463 mV
4.693 Vs
4.494 Vs
339mk

-268.4 m%



@q’;’ PZ Cancellation Shaper GFAG

@ GFAG shape not fully available, but shaper reaches 25ns.

Vo_diff Tue Feb 21 13:13:37 1
Name myFile 2023
650.0 - Vidf_pw2% eval err
Mvim @ S.esv Vidf_pk 500 mv’
. @ 5oy 000.0 Vidf_area 26.69 niv-s
. @ ses 550.0 - Vidf_A_PRE 3436 mk
Vidf_A_BX-1 1168 mk
o cm @ P 000 - VidF_A_BXD 2B6%
e gt @ e Vid_A_BX1 3035%
450.0 = Vidf A BX2 17.45%
E Vidf A_BX3 10.65%
400.0 Vidf_A_POST 1296%
350.0 -
Z 300.0
250.0 =
Vdf_pw2%h 24.85ns
200.0 - Vodf_pk 467.6 m¥
Vodf area 5.988 nv's
150.0 Vidf_area_BXQ 7.635 05
E Vodf_A PRE 2235 m%
100.0 Vodf_A BX-1 1095 m%
50.0 - Vodf_A BX0 91.62%
Vodf_A BX1 488.4 mt
0.0 - Vodf_A BX2 2099 %
Vodf_A BX3 2125%
-50.07 Vodf_A POST 3.704%

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0
time (ns)



Twey  Gated Integrator

@ Expected linear capacitor load but missing OTA saturation.

felk

Mvicm
W i diff
Mvo_cm
W vo_aifr

CRCEC]

200.0m

200.0m

200.0m

200.0m

200.0m

V)

-0.12 -

1329

10
0.9
0.8
0.7
o 57
053
0.4
0.3
0.2

0.1

(]

0.0

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100
time (ns)



Twey  Gated Integrator

@ As expected, ideal linearity with 0V:0.1V:0.6V constant voltage sweep.

I vsattie @ 3.0

/.
2.7 /
2.1 /./

1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Design Points



Mq;, Gated Integrator

@ Unity gain fitted for c=10ns gaussian centered in clock cycle.

1.32
>
200.0m 0.12

Ik @
felk @
A
W vo diff @ 200.0m 600.0
B v cif @ 200.0m
o cm @  2000m
W vi it @ 200.0m 500.0
Wi em @  2000m
400.0
s
E 3000
>
200.0
100.0
0.0
[T T T T T T T T T T T T T EEEREEE RS E
20.0 30.0 40.0 50.0 60.0 700 80.0 90.0 100

time (ns)



WA Track & Hold

@ Constant value simulation shows 200ns stabilization period.

M vin_cm
M vin cm
I vin_diff

200.0m

200.0m 600.0

200.0r
" 500.0
200.0m

200.0m 400.0

MW vout cm

LU

I vout_dife

300.0

200.0

(mv)

100.0

-100.0

-200.0

-300.0

-400.0

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0
time (ns)



PR Track & Hold

@ As expected, ideal linearity with 0V:0.1V:0.6V constant voltage sweep.

0.1

0.0-

0.1+ ‘\

0.2 \O\

0.3 1 \
0.4

-0.5 =

Ml vsettie @

0.6

Vsettle

073
-0.8 -

-0.9 \

1.0 \t\

1.1

1.2 4 \.

134

1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Design Points.



WA Track & Hold

@ Ramp simulation shows almost fixed offset through voltage range.

I vin_cm @ 0.0 1.25
M vin cm @ 0.0

I vin_diff @ 0.0 1.0
MW vout cm @ 0.0

I vout_dife @ 0.0 0.75

0.5

0.25

2 oo

-0.25

-0.5

-0.75

-1.0

1.25

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4 15
time (us)



