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Update to backplane

BEEES
bbb

xxxxxxx

Negative voltage with low
current for the ASIC

V_neg_ASIC D1-p

V_supply-Asic

select enable
AB1-p AB1-n 12C_clk
12C_data
AB2-p AB2-n
V_aux HV*1/5

Deliverable? AB3-p  AB3-n HV*2*5
V-sense HV*3/5
SAMTEC: AB4-p AB4-n HV*4/5
) G-sense
SEAF- Right angle still not S'taticl 192V 384V 576V 768V 960V
. . signals
available. They shift the date factor AC to DC used as safety margin
from March to April 2011.: Pad_to_pad 0.8mm
Not available would need a A ring more for the HV: while defining the
more complex design inside footprint. Close to MIL-norm
the vacuum. As consequence a bit of resorting at the left end
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Signal transfer ASIC to analogue chain

» Open issue: - Kind of signal source (ASIC) : |, U, Z
- Kind of termination at interface electronics

Distance between ASIC and Recelver:

Open issue, but
10cm wide module

Voltage-reg. in the vacuum (10cm) Interconnect ‘ :
three connectors (7 cm) gag:gga[');‘r’t o _’ l
trace in Interface electronics 2cm with s d,g,ta| art
trace on HDI 80 diff.pajrs ' Awit
L R INX
] ] L 7 2 memory
30 cm might be a bit too pessimistic - R and 10GbE
but not too far from realit A I
y . .
- “/arfalogue part
= 2ns per signal pass ./ with 64 ADC's
~ b’ackplane with SMD connector
U - with 64 diff. analogue pairs
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Signal transfer: Assembly blocks

Source Termination

Termination Receiver
Transmission line >
B
-
. >/
U
NO )
NO
o
e
~ ’a..’ — —
D - - 3
o* - N *e .
“" - ~ ~ “‘A r—
NO '£ ————— =Py NO
T
U-source without I-limiter needs U-receiver Driver options allow
I-source without U-limiter needs I-receiver all combinations

Terminated (also not 100%) : allows both:

For 100%: I-source and U-source models or idential
Implementation differs _
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Signal transfer: Transfer line model

IN20

IN25

|

— | —+o
|

.—|—| |—.
05

;

18 elements for 2ns: L*C = 2ns/ 18
Z? = (100Q)? = L/C
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Signal transfer: U _source, U_receiver

Y1
£50.0m — B ninse
S smon]
§ o exp(-t/2.89ns) 2.89ns=In(21°) / 50MS/s
atn— , | | | | | | | | - 50MS/s needs a
V1 1 bandwidth of
800.0m ] . . . vde]:aﬁH .
120MHz 10k§2ﬁelver termination 5 Z.
7000m— ﬁ ﬁ No chance to
] / suppress at
GO0.0m—_ /\ /\ 120MHZ-
5DD.Dm—: //\ ek
_ \/ o ~ _
! \ 50MS/s with no
S “0om— source termination
- \ needs termination
5 a00m at receiver and
] driver strength at
] 1kQ receiver termination ASIC
] 100Q) receiver termination

A e e e B e L o L e e o e e B |
00n 10.0n 200n 300n 40.0n 50.0n 60.0n 70.0n 80.0n 90.0n 1000
Time ()
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Signal transfer: Z source, U receiver

Voltage (V)

]

560.0m—
500.0m—:
450.0m—:
400.0m-—:
350.0.11—:
300.0m-—:
250.0m—:
ZDD.Dm—:
150.0m—:
100.0m—:
§D.Dm—:

0.0m—

-50.0m _

10kQ receiver termination

1kQ receiver termination

100Q2 receiver termination

L
10.0n

L
20.0n

L L B S B I B B B L
40.0n 50.0n 60.0n 70.0n 280.0n Q0.0n

T
100

l v_delay_sowrce_

Termination at the
source allows
freedom at the
receiver.

Normally:

Source termination
for a wide
frequency range is
more difficult than
receiver termination

Driver strength
needed
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Signal transfer: | _source, |_receiver

Y1
115 B ninss
=
o1 ' ' ' ' ' ' ' T l ! 50MS/s needs a
1‘:1_ 10 - n nati B i delay bandwidth of
_ receiver termination 5OMHz:
e ﬂ [‘ No chance to
N suppress at
= A / 120MHz.
1.0—: /\ /\ =
_ \) 50MS/s with no
I source termination
B . needs termination
% at receiver and
] 10Q2 receiver termination voltage range at
] ASIC
" 00Q2 receiver termination
o L0 WY WL S WL Y B LR WL OF WY KL

T T T
0.0n 10.0n 20.0n 30.0n 40.0n 50.0n 60.0n 70.0n 20.0n 90.0n 100
Time (s)
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Signal transfer: Z source, |_receiver

18 0 11_delay
14 Termination at the
1= source allows
= freedom at the
§ oo receiver.
5]
0.4—|
02-] Normally:
00 Source termination
0.2 T T T T T T T ! ! ' for a Wlde
Y1 .
11000m 0 P E— 1. fERQUENCY range is
1000Aum—q recelver trermnauon more dlﬂ:lcult than
oo ] 10Q receiver termination receiver termination
E‘E BDDDm;
< § .
"é‘ 500.0m — . . .
B o] 100Q2 receiver termination Driver strength and
3 ] voltage range
200.0m—- needed
100,Drn—-'
e U-IJ o i’iCIIEI o ‘ZCIIEI S [3010 ' 40[0 SOID 60.0 700 SDID 20.0 100.0
An Un Un un Un ijen(s) on n On Un l

Peter Gottlicher | Interface electronics | March 8" 2011 | Page 10



Signal transfer: Sampling rate reduction

volfage (V)

Current (amp)

o.a—-
u‘a—-
0.4—-
oAz—-

0.0 —

0.2
T T T

10Q receiver termination | source/receiver

0.0n

T [ Vv Vv T [Vt Y rr vy rr [Ty vyrvrJrrrrvp? I

L LI L B L L L L |
T CLCI UULUIUIITT | 1L TUuL LILLU VIHTIvO | lvluu\,h 8th 2011 I Page11

20.0n 30.0n 40.0n 50.0n 60.0n 70.0n 80.0n 80.0n 100.0
Time (s)

Iﬁiﬁ? Black:
Still slew rate 2.89ns
Red: 14.45ns for

v_delay_pos

I v_aelay_ped OMS/S
Sampling rate will
reduction help only,
if also the slew rate

Filters are easier,
since only 10MHz is
. needed. But cross
Iiiaehy talk and noise are a
risk. “Peaks with
rectifying effects.



Signal transfer: Sampling rate reduction

Drawback or best compromise?
- Good storage behaviour:
Can it be used to increase the number of storage cells?
400 Cells @ 50MS/s needs 16.4ms for digitizing. 10MS/s possible
But: Giving “just” up the option for 30Hz train rate.
Giving up 512 Cells @ 10Hz train rate, just not possible.

Would smaller storage cell needs less storage time?

To stay with 50MS/s the interface might need a design like:
Transferring a start address and doing than ASIC-internal increments for 16 (32)
pulses while digitizing.

Digital part of interface would get a little bit easier, for lower sampling rate.
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Signal transfer: Frequency domain, Voltage

Y1
35.0 — T T —_— , :::::::Idg(v_d,ehy_sour

No receiver: termmatlon P iy
(10kQ) ‘

30.0 -

250—

Resonances
Increases

sensitivity to
pickup noise

20.0 —

10.0 —

Magnifude (dB)

01— SERecelverTermmatlon
| 555190 o

on the
full system level

0.0 —

-5.0—

- / Source terminated |

-15.0

] 1 - ———t—+—
2 3 56 2 3 56 2 3 56 2 3 56
figel 2 W HO0 ghn % 9 280 amd £ O AOY g 2 B 400

Frequency (Hz)
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Signal transfer: Frequency domain, Current

Magnifude (dB)

-10.0

Y1
40.0

35.0 —

30.0 —

25.0—

20.0 —

15.0 —

10.0 —

5.0 —

00

 No rédéiver feriirition
— T

- Receiver Termination:

-5.0 —

R db(i_i_delay_sot
con | db(ii delay_1)
db(i_i_delay)

. similar to
1 | voltage driver/receiver

1.0e+5

1 IIIII!II L Illlllll T IIIIIIII
2 3 456 2 3 456 2 3 456

10e+8 ° Y qpetr < ¢ "% 40e+8
Frequency (Hz)
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Signal transfer: Impact to analogue part:

Basic circuit (terminated U-type)

- EMI analog side!| EMI digital side
22
=) i3 {}
— e |
I smmlaion of AD8132/38 wronge -
simulation_only D
J’ c?
GND 33gF
al
Vp_amplifier
Termination Bias to 0.9V v1a 470-Ohm
. [ - - ADS2BCPZ FNLOAMICX 1)
Som ASKC_RO—9—f - = k@ [ ) - = : ‘ Az or e
From_ASIC neg=TY = i ; Tl 1 m,_u/ o ‘\un=0 gy R 1% : " VIN_N N b 2 -
L - '—_ F) 4 - bR Tt i = .
Fg o 0T — L ' NET
ADSI132ARZ PINORDER=VIN PVIN.ND_P DLN
G?ED ORDER=MODELS$ "CDIFF="Value$
Vi_smplifier ) MODEL=ADC_mput !
|
(=]
33pF |
) & |
{470 } '

Power consumption requires ONE amplifier solution

Filtering : e.g. Noise picked up between ASIC and Interface electronics:
- Before amplifier

- In feedback
- Between Amplifier and ADC

Need DC-coupling: During long digitizing sequence for a train
Best with pedestal samples delivered from ASIC.

Baseline from ASIC as pull to one side: -0.9V or just above -1.0V

ASIC handles, that the feedback delivers common mode: 0.9V, 470Q
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Signal transfer: Impact to analogue part:

U — Recelver: not terminated

_1196 2 Forg EMI analog side!| EMI digital side
I

:
B —

smmlaion of AD8132/38 wronge
simulation_only

Bi—

IF
i

Vp_amplifier

Tf.mm:‘unon Bias to 0.9V via 470-Ohm

= / = R 29p—L2
fom ASIC Ry o/ —— = - L|
From_ASIC_negy I £ i
U
sz PINORDER=VIN_P VIN_ND_P DN
= ORDER=MODELS "CDIFF="Value$
Vi_smplhifier : MODEL=ADC_mput !

|

i

33pF |
|

Remaining impedance keeping the rest like it is: around 1kQ
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Signal transfer: Impact to analogue part:

| — Recelver: not terminated

_1196 2 Forg EMI analog side!| EMI digital side
' E |
]
I smmlaion of AD8132/38 wronge -
=]

from_ASIC_R 2 >l prie— o llim L| _
voc > Vemr 7 5] 2y L7
From_ASIC_neg=y i o | a1l - e -—n-—mH 10pF
ADSI31ARZ PINORDER=VIN P VIN ND PD|N
= ORDER=MODELS$ "CDIFF="Value$
Vi_smplhifier : MODEL=ADC_mput

I

|

I

& '
I

|

Whole part of the input filter disappears

Two small resistors to the input pins to limit long antennas on the input pins.
But all the reflection problem.

Trans-impedance: 1kQ is possible.
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Signal transfer: Impact to analogue part:

»

Basic circuit (terminated U-type)

PINORDER=VIN P VIN ND PD,N
ORDER=MODELS$ "CDIFF="Value$
MODEL=ADC_mput

What about doing the termination,

reducing the dynamics of the ASIC

Noise: 0.35mV
Noise 0.53mV

400mV needed to keep 9-10bit
instead of the 2V foreseen.

>-200mV for baseline
<+200mV for full scale

More noise pickup between

s sl | smlaton of AD8132/38 wronge ED
' :
Tem‘?’ﬂanBu; to 0.9V v1a 470-Ohm t_‘_. .4
Erom_AS[C_E_‘ ‘I-"J _ ; ;— " 5 : I%M 4X10R
From_ASIC_neg=y | Mo 1 - i =
but
Table 11. Recommended Resistor Values and Noise 50MHz:
Performance for Specific Gains 100MHz:
Output Output
Noise Noise
AD8132 AD8132
Bandwidth | Only + Re, Rr
Gain | Re(Q) | Re(Q) | —=3dB(MHz) | (nV/VHz) | (nV/VHz)
1 499 499 360 16
7. 499 1.0k 160 24.1
<5 499 |249k |65 484 :
10 499 499k | 20 88.9 98.6

ASIC and receiver.
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Signal transfer: Other input chip

- same function, keeping single chip/channel

Table 11. Recommended Resistor Values and Noise

What about doing the termination,

but
Performance for Specific Gains — — reducing the dynamics of the ASIC
gl [ 50MHz:  Noise: 0.35mV

_ AD8132 | AD8132 100MHz: Noise 0.53mV
Gain | Re() | Rei0) | S30B MY | (WVidHe) | (aVidtee . 400mV needed to keep 9-10bit
1 209 | 499 | 360 16 instead of the 2V foreseen.
5 499 10k | 160 24.1 >-200mV for baseline

<5 [499 249k | 65 48.4 ; <+200mV for full scale

10 [499 [499k 20 889 98.6

More noise pickup between

ADA4938-1/ADA4938-2

ASIC and receiver.

Table 10 and Table 11 list several common gain settings. associated
resislor values, inpul impedances, and oulpul noise densilies lor
both balanced and unbalanced inpur configurations. Also shown

Table 10. Difterential Ground-Referenced Input, DC-Coupled; See

Lower Noise would be available:
Cost: Higher power ~300-500W for 1Mpixel

No similar for same footprint

Different project searches ended
up with same chip: Alternative in
concept?

Differential
Output
Nominal Noise Density
Gain (V/V) R: (0) R=(Q)) Ring,ara (Q) (nV/VHz)
1 200 200 400 6.5
2 402 200 400 104
116 [ 102 127 1 4 &
5 402 80.6 ‘b 18.2

Higher bandwidth: (?) more sensitive to
couple input lines with low impedance:
(?) No ideal I-receiver
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Signal transfer: Addional input chip

Very low receiver-Noise or just a factor 2

What about doing the termination,

Table 11. Recommended Resistor Values and Noise but
Perf for Specific Gai : :
— output T output reducing the dynamics of the ASIC
oica Nolse S50MHz: No?se: 0.35mV
AD8132 | AD8132 100MHz: Noise 0.53mV
Bandwidth | Only + Re, Rr _ -
Gain | Rc(Q) | Re(Q) | ~3dB(MH2) | (nV/VHz) | (nV/VH2) . 400mV needed to keep 9-10bit
1 200 | 299 | 360 16 instead of the 2\/_ foreseen.
2 499 1.0k 160 24.1 >-200mV for baseline
<5 499 | 249k |65 484 . <+200mV for full scale
10 [499 [499k |20 889 98.6

LT1993-10: 1.8nV/sqrt(Hz)-eg-input i i
. Lower Noise would be available:

<7 Cost: Higher power 100A: ~500W-700W for 1Mpixel

T 401 THITERFR

+ Few centimeters.

Input impedance is external resistor

Internal virtual “infinity” to “200Q)”

~CUTTILTORCD

" ONLY chip noise: not power or pickup

LT6411 would offer an option for gain 3 gain
(only input 8nV/sgrt(Hz), gain 2) 60W/1Mega-Pixel 4
+ few cm’s
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|

: I»)
Personal view Ly

» | would not go the way of reflections and the according oscillations

» “Huge”power will change the mechnaical concepit:
Add as in first option: Water-cooling onto the module and not only
onto the frame.

» What are the drawbacks of an impedance controlled driver?
what about a limited amplitude?

» | would like to keep the option of maximized the frame rate

That is not a statement, that somebody is not fighting for it.
Does it need short storage times?
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