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•  Lower	  limit	  for	  front-‐end	  noise	  in	  Cluster	  Coun;ng	  scenario	  
	  
•  Efficiency	   es;ma;on	   of	   Cluster	   Coun;ng	   algorithms	   based	   on	   GARFIELD	  

simula;on	  
	  
•  Possible	  implementa;on	  of	  on-‐detector/off-‐detector	  interconnec;ons	  	  
	  
•  Power	  supply	  requirements	  es;ma;on	  
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Cluster	  Coun;ng	  technique	  can	  improve	  par;cles	  iden;fica;on	  in	  SuperB	  DCH	  

•  The	  technique	  is	  based	  on	  primary	  ioniza;on	  cluster	  detec;on	  and	  requires:	  
	  

•  Slow	  dri]	  velocity	  gas	  mixtures	  (es	  90%	  He	  –	  10%	  Iso)	  
•  Quite	  high	  gas	  gain	  (>	  105)	  
•  Fast	  amplifiers	  
•  Fast	  sampling	  devices	  (>	  1GSPS)	  
•  Correct	  termina;on	  of	  the	  sense	  wire	  (to	  avoid	  signal	  reflec;on)	  

•  Assuming	  the	  chamber	  sense	  wire	  as	  a	  lossless	  transmission	  line	  and	  discarding	  external	  noise	  pick-‐up	  the	  
main	  noise	  sources	  	  are	  the	  termina;on	  resistor	  and	  the	  preamplifier	  intrinsic	  noise	  

•  At	  the	  moment	  there	  is	  no	  a	  defini;ve	  decision	  about	  the	  readout	  chain	  ,	  nevertheless	  termina;on	  resistor	  
noise	  contribu;on	  can	  be	  evaluated	  by	  means	  of	  the	  Equivalent	  Noise	  Charge	  (ENC)	  contribu;on	  of	  a	  
typical	  readout	  chain.	  



SuperB-‐DCH	   Servizio	  Ele2ronico	  
Laboratori	  Frasca;	  

	  LNF	  SuperB	  Workshop	  –	  March	  2012	  
	  

5	  G.	  Felici	  

Sense Wire (≈ 2.7m) 

1 MΩ 377 Ω 

500pF 

HV 

in 

RT 

Termina;on	  resistor	  ENC	  contribu;on	  evalua;on	  

ENC	  =	  input	  signal	  magnitude	  that	  generates	  a	  preamplifier	  output	  signal	  equal	  to	  the	  output	  rms	  noise	  
	  
•  Termina;on	  resistor	  noise	  contribu;on	  can	  be	  evaluated	  both	  in	  frequency	  domain	  (direct	  transfer	  func;on	  

calcula;on)	  and	  in	  ;me	  domain	  (using	  system	  weigh;ng	  func;on)	  
	  
•  Generic	  front-‐end	  chain	  made	  of	  preamplifier,	  pole-‐zero	  cancella;on	  network	  and	  filter	  has	  been	  used	  
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Figure 2: Front end chain for noise calculation

The front-end chain we have used in our calculation is made of preamplifier and
shaper with pole-zero cancellation (fig. 2). The transfer function is (Appendix A):
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The rms output voltage noise due to the termination resistor (Appendix B) can be calcu-
lated evaluating the integral

V 2
n (rms) = i2nα

2τ 2
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where in is the termination resistor noise current density and (jω = s)

in =

√
4KT

RT
(8)

By a change of integration variable (z = ωτ = 2πfτ) and extending the integration range
to −∞ (the integrand is an even function of z) we obtain

V 2
n (rms) = i2nα

2τ 2
1

4πτ

∫ ∞

−∞

dz

(1 + z2)2
(9)

Evaluating the integral (from tabular computation)
∫ ∞

−∞

dz

(1 + z2)2
=

π

2
(10)

we obtain the rms output voltage noise

V 2
n (rms) =

4KT

RT
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4πτ
τ 2α2π

2
=

4KT

RT
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To evaluate the system ENC, the square root of the rms output voltage noise must be nor-
malized to the output peak voltage of a unit test pulse δ(t) (according to ENC definition)
.
The system output response to a δ(t) can be obtained applying the inverse Laplace trans-
form to the transfer function of equation ??
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Equation 12 has a maximum for t = τ (peak voltage) and its value is

Vpeak = α · 1
e

(13)

Finally, assuming a peaking time of # 3 ns, the ENC due to the 377 Ω termination resistor
is

ENC(e rms) = e ·
√

kT

RT

1

2
· τ # 0.35 fC # 2200 erms (14)

2.2 Time domain calculation (weighting function)

In the previous paragraph noise resistor contribution has been calculated in the frequency
domain. Nevertheless it can be also calculated in the time domain as already shown by
Radeka [2] by means of the Parseval’s theorem (Appendix C)
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To	  evaluate	  system	  ENC	  the	  square	  root	  of	  rms	  output	  voltage	  must	  be	  
normalized	  to	  the	  peak	  output	  voltage	  generated	  	  by	  	  a	  unit	  test	  pulse	  δ	  (t)	  
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To evaluate the system ENC, the square root of the rms output voltage noise must be
normalized to the output peak voltage generated by a unit test pulse δ(t). System output
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Assuming	  a	  peaking	  ;me	  ≈	  3	  ns	  the	  ENC	  due	  to	  377	  Ω	  termina;on	  resistor	  is	  	  
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To evaluate the system ENC, the square root of the rms output voltage noise must be
normalized to the output peak voltage generated by a unit test pulse δ(t). System output
response can be obtained applying Laplace anti-transform to equation (4)
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Finally, assuming a peaking time of # 3 ns, the ENC due to the 377 Ω termination resistor
can be estimated by

ENC = e ·
√

kT

RT

1

2
· τ # 0.35 fC # 2200 erms (14)
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System	  output	  noise	  variance	  can	  be	  es;mated	  star;ng	  with	  noise	  spectral	  density	  and	  
system	  ;me	  response	  as	  shown	  by	  Radeka*	  thanks	  to	  the	  Parseval’s	  theorem	  
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To evaluate the system ENC, the square root of the rms output voltage noise must be
normalized to the output peak voltage generated by a unit test pulse δ(t). System output
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2.2 Time domain calculation (weighting function)

In the previous paragraph noise resistor contribution has been estimated in the frequency
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*	  Low	  Noise	  Techniques	  in	  Detector	  -‐	  Radeka	  -‐	  Ann.	  Rev.	  Nud.	  ParI.	  Sci.	  1988.	  38:	  217-‐77	  	  

Parseval’s	  theorem	  then obtaining the system output noise variance as a function of input white noise spectral
density and system time response (see Radeka [2]):

σ2 =
1

2
W0

∫ ∞

−∞
h2(t)dt (16)

where W0 is the input white noise power spectral density. In our case the white noise
power spectral density corresponds to the thermal noise due to the resistor connected to
the sense wire (

√
4KT/RT ) and h(t) is the system impulse response (the inverse Laplace

transform of the corresponding transfer function shown in equation 12).
Evaluating the equation of the system impulse response for ∀ t ≥ 0 and normalizing to
the output peak voltage we get the same result of equation 14

ENC2 =
1

2

4kT

RT

e2

4
τ =

1

2

kT

RT
e2τ (17)

More generally, starting from the two basic noise mechanism, that is input noise current
(in) and input noise voltage (Vn) in the time domain the Equivalent Noise charge (ENC)
can be expressed as

ENC2 = i2nτSFi + C2v2n
Fv

τS
(18)

where Fi, Fv are the ”Form Factors” and depend on the shape of the pulse, τS is the shap-
ing (or peaking) time, in and vn are the input current and voltage noise and C is the total
input capacitance (detector capacitance + preamplifier capacitance + stray capacitance).
As we are interested in the evaluation of termination resistor noise contribution and the
resistor is in parallel with the preamplifier input we can model it as a current source.
Thus, using the ENC general equation (18) and discarding the voltage noise contribution
we obtain:

ENC2
P = i2nτSFi (19)

The shaping factor Fi is a dimensionless parameter function of the CR−nRC filter order;
It can be calculated by means o f

Fi =
1

2TS

∫ ∞

−∞
|W (t)|2dt (20)

where, for time-invariant filters pulse shaping W (t) corresponds to the normalized system
impulse response and TS correspond to the system shaping factor. A general solution for
a CR− nRC unipolar shaping filter can be found in [3] and is shown in 21
The shaping factor Fi affects both the shaper output noise and peaking time as shown in
fig.3 where filter output ENC and peaking time (tr = nτ ) have been plotted as a function
of the filter order (n).

Fi =
1

2

( e

2n

)2n

(2n− 1)! (21)

5

W0	  =	  input	  white	  noise	  (thermal	  noise	  due	  to	  resistor	  connected	  to	  the	  sense	  wire	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  	  	  
	  
h(t)	  =	  system	  impulse	  response	  (	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  
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To evaluate the system ENC, the square root of the rms output voltage noise must be
normalized to the output peak voltage generated by a unit test pulse δ(t). System output
response can be obtained applying Laplace anti-transform to equation (4)
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2.2 Time domain calculation (weighting function)

In the previous paragraph noise resistor contribution has been calculated in the frequency
domain. Nevertheless it can be also calculated in the time domain as already shown by
Radeka [2] by means of the Parseval’s theorem (Appendix C)

∫ ∞

−∞
h2(t)dt =

1

2π

∫ ∞

−∞
|H(jω)|2dω = 2

∫ ∞

0

|H(2πjf)|2df (15)
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Evalua;ng	  the	  system	  impulse	  response	  for	  t	  ≥	  0	  	  

then obtaining the system output noise variance as a function of input white noise spectral
density and system time response (see Radeka [2]):

σ2 =
1

2
W0

∫ ∞

−∞
h2(t)dt (16)

where W0 is the input white noise power spectral density. In our case the white noise
power spectral density corresponds to the thermal noise due to the resistor connected to
the sense wire (

√
4KT/RT ) and h(t) is the system impulse response (the inverse Laplace

transform of the corresponding transfer function shown in equation (12).
Evaluating equation (16) for ∀ t ≥ 0 (Appendix D)

σ2 =
1

2
W0

∫ ∞

0

α2

(
t

τ

)2

e−2 t
τ dt =

1

2

4KT

RT

α2τ

4
(17)

Normalizing with respect to the output peak voltage (equation 13) we get the same result
shown in equation (14)

ENC2 =
1
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4kT

RT

e2

4
τ =

1

2

kT

RT
e2τ (18)

More generally, starting from the two basic noise mechanism, that is input noise current
(in) and input noise voltage (Vn) in the time domain the Equivalent Noise charge (ENC)
can be expressed as

ENC2 = i2nτSFi + C2v2n
Fv

τS
(19)

where Fi, Fv are the ”Form Factors” and depend on the shape of the pulse, τS is the shap-
ing (or peaking) time, in and vn are the input current and voltage noise and C is the total
input capacitance (detector capacitance + preamplifier capacitance + stray capacitance).
As we are interested in the evaluation of termination resistor noise contribution and the
resistor is in parallel with the preamplifier input we can model it as a current source.
Thus, using the ENC general equation (19) and discarding the voltage noise contribution
we obtain:

ENC2
P = i2nτSFi (20)

The shaping factor Fi is a dimensionless parameter function of the CR−nRC filter order;
It can be calculated by means o f

Fi =
1

2TS

∫ ∞

−∞
|W (t)|2dt (21)

where, for time-invariant filters pulse shaping W (t) corresponds to the normalized system
impulse response and TS correspond to the system shaping factor. A general solution for
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As we are interested in the evaluation of termination resistor noise contribution and the
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Thus, using the ENC general equation (19) and discarding the voltage noise contribution
we obtain:
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5

As	  shown	  shown	  before	  

ENC	  decrease	  for	  small	  peaking	  ;mes	  but	  ……	  
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More	  generally	  there	  are	  2	  basic	  noise	  sources:	  input	  noise	  current	  (in)	  and	  input	  noise	  voltage	  (vn)	  	  

Time	  domain	  	  

Fi	  Fv	  =	  form	  factors	  	  (shape	  of	  the	  pulse)	  
Τs	  =	  peaking	  ;me	  
in,	  vn	  =	  noise	  input	  current	  and	  voltage	  
C	  =	  total	  input	  capacitance	  (detector	  +	  preamp	  +	  stray)	  

Termina;on	  resistor	  =	  noise	  current	  source	  	  	  

then obtaining the system output noise variance as a function of input white noise spectral
density and system time response (see Radeka [2]):
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2
W0

∫ ∞

−∞
h2(t)dt (16)

where W0 is the input white noise power spectral density. In our case the white noise
power spectral density corresponds to the thermal noise due to the resistor connected to
the sense wire (

√
4KT/RT ) and h(t) is the system impulse response (the inverse Laplace

transform of the corresponding transfer function shown in equation (12).
Evaluating equation (16) for ∀ t ≥ 0 (Appendix D)
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Normalizing with respect to the output peak voltage (equation 13) we get the same result
shown in equation (14)
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More generally, starting from the two basic noise mechanism, that is input noise current
(in) and input noise voltage (Vn) in the time domain the Equivalent Noise charge (ENC)
can be expressed as

ENC2 = i2nτSFi + C2v2n
Fv

τS
(19)

where Fi, Fv are the ”Form Factors” and depend on the shape of the pulse, τS is the shap-
ing (or peaking) time, in and vn are the input current and voltage noise and C is the total
input capacitance (detector capacitance + preamplifier capacitance + stray capacitance).
As we are interested in the evaluation of termination resistor noise contribution and the
resistor is in parallel with the preamplifier input we can model it as a current source.
Thus, using the ENC general equation (19) and discarding the voltage noise contribution
we obtain:

ENC2
P = i2nτSFi (20)

The shaping factor Fi is a dimensionless parameter function of the CR−nRC filter order;
It can be calculated by means o f

Fi =
1

2TS

∫ ∞

−∞
|W (t)|2dt (21)

where, for time-invariant filters pulse shaping W (t) corresponds to the normalized system
impulse response and TS correspond to the system shaping factor. A general solution for
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Fi	  =	  dimensionless	  parameter	  func;on	  of	  the	  CR	  =	  nRC	  filter	  order	  	  	  

Fi	  (;me	  invariant	  filters)	  =	  normalized	  system	  input	  response	  
TS	  =	  system	  shaping	  factor	  	  

General	  solu;on	  for	  CR-‐nRC	  unipolar	  shaping	  factor	  can	  be	  found	  
in	  literature	  	  
Es	  :	  Blum	  -‐	  Riegler	  -‐	  Rolandi	  	  Par;cle	  Detec;on	  with	  dri]	  Chamber	  

a CR− nRC unipolar shaping filter can be found in [3] and is shown in 22
The shaping factor Fi affects both the shaper output noise and peaking time as shown in
fig.3 where filter output ENC and peaking time (tr = nτ ) have been plotted as a function
of the filter order (n).
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Figure 3: ENC(erms) and peaking time as a function of CR-RC shaping filter order

Finally, including the noise contribution from parasitic capacitances, we can write a gen-
eral equation for ENC that we can use to optimize shaping time.

ENC2
n = i2nτSFi + v2nFv

C2
T

τS
(23)

where CT is the sum of all capacitances at the preamplifier input. Again, to simplify
calculation, let we consider only the contributions of the protection circuit against gas
discharges and the detector capacitance.
The simplest protection circuit is, generally, made of one resistor, with a value around
10−20 Ω, and two diodes. It contributes to noise by means of two factors: the diodes par-
asitic capacitance and the resistor voltage noise (Appendix B). For example fast switching
diodes, like BAV 99, have a parasitic capacitance ∼ 1 pF , then, considering 2 diodes we
get about 2 pF that must be summed to the 21 pF of the detector capacitance for a total
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a CR− nRC unipolar shaping filter can be found in [3] and is shown in 22
The shaping factor Fi affects both the shaper output noise and peaking time as shown in
fig.3 where filter output ENC and peaking time (tr = nτ ) have been plotted as a function
of the filter order (n).
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Figure 3: ENC(erms) and peaking time as a function of CR-RC shaping filter order

Finally, including the noise contribution from parasitic capacitances, we can write a gen-
eral equation for ENC that we can use to optimize shaping time.

ENC2
n = i2nτSFi + v2nFv

C2
T

τS
(23)

where
Fv =

1

2

( e

2n

)2n
n2(2n− 2)! (24)

and CT is the sum of all capacitances at the preamplifier input. Again, to simplify calcula-
tion, let we consider only the contributions of the protection circuit against gas discharges
and the detector capacitance.
The simplest protection circuit is, generally, made of one resistor, with a value around
10−20 Ω, and two diodes. It contributes to noise by means of two factors: the diodes par-
asitic capacitance and the resistor voltage noise (Appendix B). For example fast switching

6

then obtaining the system output noise variance as a function of input white noise spectral
density and system time response (see Radeka [2]):

σ2 =
1

2
W0

∫ ∞

−∞
h2(t)dt (16)

where W0 is the input white noise power spectral density. In our case the white noise
power spectral density corresponds to the thermal noise due to the resistor connected to
the sense wire (

√
4KT/RT ) and h(t) is the system impulse response (the inverse Laplace

transform of the corresponding transfer function shown in equation (12).
Evaluating equation (16) for ∀ t ≥ 0 (Appendix D)
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W0

∫ ∞
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)2

e−2 t
τ dt =
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4KT

RT

α2τ

4
(17)

Normalizing with respect to the output peak voltage (equation 13) we get the same result
shown in equation (14)

ENC2 =
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2

4kT

RT

e2

4
τ =

1

2

kT

RT
e2τ (18)

More generally, starting from the two basic noise mechanism, that is input noise current
(in) and input noise voltage (Vn) in the time domain the Equivalent Noise charge (ENC)
can be expressed as

ENC2 = i2nτSFi + C2v2n
Fv

τS
(19)

where Fi, Fv are the ”Form Factors” and depend on the shape of the pulse, τS is the shap-
ing (or peaking) time, in and vn are the input current and voltage noise and C is the total
input capacitance (detector capacitance + preamplifier capacitance + stray capacitance).
As we are interested in the evaluation of termination resistor noise contribution and the
resistor is in parallel with the preamplifier input we can model it as a current source.
Thus, using the ENC general equation (19) and discarding the voltage noise contribution
we obtain:

ENC2
P = i2nτSFi (20)

The shaping factor Fi is a dimensionless parameter function of the CR−nRC filter order;
It can be calculated by means o f

Fi =
1

2TS

∫ ∞

−∞
|W (t)|2dt (21)

where, for time-invariant filters pulse shaping W (t) corresponds to the normalized system
impulse response and TS correspond to the system shaping factor. A general solution for
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ing (or peaking) time, in and vn are the input current and voltage noise and C is the total
input capacitance (detector capacitance + preamplifier capacitance + stray capacitance).
As we are interested in the evaluation of termination resistor noise contribution and the
resistor is in parallel with the preamplifier input we can model it as a current source.
Thus, using the ENC general equation (19) and discarding the voltage noise contribution
we obtain:

ENC2
P = i2nτSFi (20)

The shaping factor Fi is a dimensionless parameter function of the CR−nRC filter order;
It can be calculated by means o f

Fi =
1

2TS

∫ ∞

−∞
|W (t)|2dt (21)

where, for time-invariant filters pulse shaping W (t) corresponds to the normalized system
impulse response and TS correspond to the system shaping factor. A general solution for

5



SuperB-‐DCH	   Servizio	  Ele2ronico	  
Laboratori	  Frasca;	  

Parallel	  and	  series	  noise	  contribu;on	  

LNF	  SuperB	  Workshop	  –	  March	  2012	   10	  G.	  Felici	  

a CR− nRC unipolar shaping filter can be found in [3] and is shown in 22
The shaping factor Fi affects both the shaper output noise and peaking time as shown in
fig.3 where filter output ENC and peaking time (tr = nτ ) have been plotted as a function
of the filter order (n).
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Figure 3: ENC(erms) and peaking time as a function of CR-RC shaping filter order

Finally, including the noise contribution from parasitic capacitances, we can write a gen-
eral equation for ENC that we can use to optimize shaping time.

ENC2
n = i2nτSFi + v2nFv

C2
T

τS
(23)

where CT is the sum of all capacitances at the preamplifier input. Again, to simplify
calculation, let we consider only the contributions of the protection circuit against gas
discharges and the detector capacitance.
The simplest protection circuit is, generally, made of one resistor, with a value around
10−20 Ω, and two diodes. It contributes to noise by means of two factors: the diodes par-
asitic capacitance and the resistor voltage noise (Appendix B). For example fast switching
diodes, like BAV 99, have a parasitic capacitance ∼ 1 pF , then, considering 2 diodes we
get about 2 pF that must be summed to the 21 pF of the detector capacitance for a total
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of the filter order (n).

Fi =
1

2

( e

2n

)2n
(2n− 1)! (22)

1 2 3 4 5 6
1000

1250

1500

1750

2000

2250

2500

2750

3000

EN
C

(e
rm

s)

CR−RC shaper order
 

 

0

2.5

5

7.5

10

12.5

15

17.5

20

Pe
ak

in
g 

tim
e 

(n
s)

Parallel Noise
Peaking Time

Figure 3: ENC(erms) and peaking time as a function of CR-RC shaping filter order

Finally, including the noise contribution from parasitic capacitances, we can write a gen-
eral equation for ENC that we can use to optimize shaping time.

ENC2
n = i2nτSFi + v2nFv

C2
T

τS
(23)

where
Fv =
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)2n
n2(2n− 2)! (24)

and CT is the sum of all capacitances at the preamplifier input. Again, to simplify calcula-
tion, let we consider only the contributions of the protection circuit against gas discharges
and the detector capacitance.
The simplest protection circuit is, generally, made of one resistor, with a value around
10−20 Ω, and two diodes. It contributes to noise by means of two factors: the diodes par-
asitic capacitance and the resistor voltage noise (Appendix B). For example fast switching
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a CR− nRC unipolar shaping filter can be found in [3] and is shown in 22
The shaping factor Fi affects both the shaper output noise and peaking time as shown in
fig.3 where filter output ENC and peaking time (tr = nτ ) have been plotted as a function
of the filter order (n).
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Finally, including the noise contribution from parasitic capacitances, we can write a gen-
eral equation for ENC that we can use to optimize shaping time.

ENC2
n = i2nτSFi + v2nFv

C2
T

τS
(23)

where
Fv =

1

2

( e

2n

)2n
n2(2n− 2)! (24)

and CT is the sum of all capacitances at the preamplifier input. Again, to simplify calcula-
tion, let we consider only the contributions of the protection circuit against gas discharges
and the detector capacitance.
The simplest protection circuit is, generally, made of one resistor, with a value around
10−20 Ω, and two diodes. It contributes to noise by means of two factors: the diodes par-
asitic capacitance and the resistor voltage noise (Appendix B). For example fast switching

6

To	  simplify	  calcula;on	  only	  preamplifier	  protec;on	  circuit	  against	  discharges	  will	  be	  considered	  	  

CT	  is	  the	  sum	  of	  capacitance	  at	  
the	  preamplifier	  input	  

20	  

2pF	  
+	  	  	  21	  pF	  (wire	  parasi;c	  capacitance)	  and	  v2n=	  4KTR	  

diodes, like BAV 99, have a parasitic capacitance ∼ 1 pF , then, considering 2 diodes we
get about 2 pF that must be summed to the 21 pF of the detector capacitance for a total
parasitic capacitance of ∼ 23 pF , while resistor noise contribution can be estimated ac-
cording to the

Fig. 4 shows the plot of the parallel and series contribution together with the total
ENC noise. In the plot only the contribution of parasitic components and termination
resistor are considered; a minimum for ENC noise is obtained for a shaping time of about
2 ns.
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Figure 4: Total ENC(erms) as a function of shaping time

3 Preamplifier input impedance effect on readout signal

The effect of preamplifier input impedance can be evaluated with reference to the circuit
shown in fig.1. If we assume a charge q is deposited in the middle of the wire length we
will have a couple of charges q/2 traveling through the wire in opposite directions. The
charge q/2 traveling toward the termination resistor will be adsorbed by the termination
resistor itself, while the charge q/2 traveling toward the preamplifier input can be partially
reflected as a function of preamplifier input impedance.
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a CR− nRC unipolar shaping filter can be found in [3] and is shown in 22
The shaping factor Fi affects both the shaper output noise and peaking time as shown in
fig.3 where filter output ENC and peaking time (tr = nτ ) have been plotted as a function
of the filter order (n).
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Figure 3: ENC(erms) and peaking time as a function of CR-RC shaping filter order

Finally, including the noise contribution from parasitic capacitances, we can write a gen-
eral equation for ENC that we can use to optimize shaping time.

ENC2
n = i2nτSFi + v2nFv

C2
T

τS
(23)

where
Fv =

1

2

( e

2n

)2n
n2(2n− 2)! (24)

and CT is the sum of all capacitances at the preamplifier input. Again, to simplify calcula-
tion, let we consider only the contributions of the protection circuit against gas discharges
and the detector capacitance.
The simplest protection circuit is, generally, made of one resistor, with a value around
10−20 Ω, and two diodes. It contributes to noise by means of two factors: the diodes par-
asitic capacitance and the resistor voltage noise (Appendix B). For example fast switching

6

fixed	  shaping	  ;me	  (3	  ns)	   fixed	  filter	  order	  

noiseless	  preamplifier	  
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•  Wire	  termina;on	  resistor	  is	  one	  of	  the	  main	  noise	  sources	  of	  the	  system	  (≈	  2200	  
erms	  @	  3ns	  peaking	  ;me)	  

	  
•  An	  equal	  amount	  of	  noise	  can	  be	  es;mated	  for	  a	  high	  bandwidth	  preamplifier	  thus	  

the	  system	  total	  amount	  of	  noise	  is	  about	  3100	  erms	  ≈	  0.5	  fC	  
	  ES:	  LNF	  proto2	  gain	  ≈	  8	  mV/fC	  (@	  250	  MH	  BW)	  	  Noise	  ≈	  4	  mV	  rms	  (≈	  26	  mV	  pp)	  

	  
•  Single	  electron	  cluster	  charge	  collected	  on	  the	  wire	  @	  nominal	  gas	  gain	  =	  105	  
	  

	  105	  	  x	  	  0.5	  x	  0.25	  x	  1.6x10-‐19	  ≈	  2	  fC	  	  1	  fC	  	  

charge	  division	  due	  to	  
termina;on	  resistor	  

charge	  collected	  
percentage	  

(approxima;on)	  

gas	  gain	  
fluctua;on	  	  
(upper	  limit)	  

DCH	  operated	  @	  105	  nominal	  gas	  gain	  corresponds	  to	  a	  SNR	  ≈	  2	  	  
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Update	  on	  detec;on	  efficiency	  of	  cluster	  
coun;ng	  algorithms	  using	  Garfield	  simulated	  

data	  sets	  
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Garfield	  output	  (Gas	  gain	  3x105	  –	  preamp	  gain	  ≈	  8mV/fC)	  

Impact	  parameter	  =	  0	  mm	  

Impact	  parameter	  =	  2.5	  mm	  

Impact	  parameter	  =	  5.0	  mm	  

Impact	  parameter	  =	  7.5	  mm	  
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Preamplifier	  Board	  

Transimpedence	  
preamplifier	  

DifferenDal	  amplifier/shaper	  
output	  

Unipolar	  amplifier/shaper	  
output	  

Preamplifier	  main	  features	  
§  Number	  of	  channels	  :	  7	  
§  Zin	  ≈	  60	  Ω	  
§  Gain	  ≈	  8.8	  mV/fC	  (CD=	  0	  pF)	  
§  Linearity	  <	  1%	  (1-‐100	  fC)	  
§  Noise	  ≈	  3000	  erms	  @	  250	  MHz	  BW	  (CD=24	  pF)	  
§  Rise	  Dme	  ≈	  2.4	  ns	  (CD=24	  pF)	  
§  Fall	  Dme	  ≈	  2.4	  ns	  (CD=24	  pF)	  
§  Unipolar	  &	  DifferenDal	  outputs	  (50	  Ω	  –	  110	  Ω)	  
§  Test	  input	  
§  Supply	  Voltage	  :	  +	  7V	  (310	  mA)	  	  -‐	  7V	  (190	  mA)	  
§  Power	  DissipaDon	  :	  490	  mW/ch	  

5	  mV/div	  

50	  mV/div	  

5	  ns/div	  average	  

1.8	  pF	  injecDng	  capacitance	  
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Fizng	  func;on:	  	  

§  	  Preamplifier	  board	  has	  been	  connected	  to	  the	  chamber	  and	  
pulsed	  through	  a	  1.8	  pF	  internal	  capacitor.	  

§  	  Output	  pulse	  has	  been	  fi2ed	  to	  find	  out	  the	  preamplifier	  impulse	  
response.	  

1 Introduction

This energy loss measurement method was proposed in 1980 by Piuz and Lapique [1]
and is based on primary cluster ionization detection. To investigate the feasibility of the
method we have used Garfield simulations of particle tracks!!! signals in a 17 mm square
drift tube filled with 90/10 He/Iso gas mixture at different impact parameters. Then we
have convolved with the impulse response of the preamplifier and finally we have added
white gaussian noise.

2 Garfield simulation

3 Preamplifier impulse response evaluation

The used preamplifier is based on a transresistance configuration. The main features are
reported in table 1 while the implulse response is shown in figure 1.

Table 1: Preamplifier main specifications
Linearity < 1%(1− 100fC)
Gain ∼ 8.8 mV/fC
ZIN 60 Ω
ZOUT 50 Ω
Rise time ∼ 2.4 ns (CD = 24pF )
Fall time ∼ 2.4 ns (CD = 24pF )
Noise 3000 erms (CD = 24pF )
VSUPPLY ± 7V

To evaluate the impulse response we have injected a δ-like pulse to the preamplifier
input and acquired the ouput signal with a digital oscilloscope. The acquired signal has
been fitted with a double gaussian function, equation 2, obtaining the parameters in table
2. The result of the fitting is shown in fugure 2.

h(t) = a1 e
−(

t−b1
c1

)2 + a2 e
−(

t−b2
c2

)2 (1)

.

4 The cluster counting algorithm

To perform our studies we have used two type of algoritms, the first one is based on peak
detecting while the second one is based on slope detection.

2

Figure 1: Preamplifier Response with 1.8 pF injecting capacitance.

Table 2: Fitting function coefficients
a1 0.479
b1 24.367
c1 1.797
a2 0.691
b2 25.983
c2 2.305

4.1 The peak detecting algorithm

The peak detecting algoritm is based on simple data comparison. It was introduced by the
CLUTIM group that is involved in cluster counting activity and the working principle is
shown in figure 4.

The cluster identification is based on the following formula:

D = An −
≥An−1 + An+1

2

¥
≥ 3σd (2)

where An−1, An and An+1 are three consecutive data samples while σd is the noise
(rms) evaluated when no signal is persent.

4.2 The slope detection algorithm

The slope algorithm is based on the detection of the signal slope changing. The slope is
calculted as difference between the current sample and the average of the four preceding

3
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ConvoluDon	  output	  

Garfield	  output	  (Gas	  gain	  3x105	  –	  preamp	  gain	  ≈	  8mV/fC)	  
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Peak	  Found	  Condi;on	  

Proposed	  by	  Luigi	  Cappelli	  
on	  behalf	  of	  CLUTIM	  Group	  

Figure 1: Preamplifier Response with 1.8 pF injecting capacitance.

Table 2: Fitting function coefficients
a1 0.479
b1 24.367
c1 1.797
a2 0.691
b2 25.983
c2 2.305

4.1 The peak detecting algorithm

The peak detecting algoritm is based on simple data comparison. It was introduced by the
CLUTIM group that is involved in cluster counting activity and the working principle is
shown in figure 4.

The cluster identification is based on the following formula:

D = An −
≥An−1 + An+1

2

¥
≥ 3σd (2)

where An−1, An and An+1 are three consecutive data samples while σd is the noise
(rms) evaluated when no signal is persent.

4.2 The slope detection algorithm

The slope algorithm is based on the detection of the signal slope changing. The slope is
calculted as difference between the current sample and the average of the four preceding

3

An-‐1,	  An,	  An+1	  	  consecu;ve	  samples	  
σd	  	  rms	  noise	  (rms)	  

Peak	  Detec;ng	  algorithm	  

Slope	  Detec;on	  Algorithm	  

Figure 4: Slope detection working principle.
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Figure 2: Preamplifier impulse response (line) and fittings (dotted line).

samples. For the evaluation of the slope the comparison of three consecutive points with
a threshold is used. The slope change is asserted as true when all the three comparison
match, as shown in equation 5. Finally a dead time is asserted to avoid extra counting.

Pi = Ai −
P4

n=1 Ai−n

4
(3)

C1 = Pi − Pi−1 C2 = Pi−1 − Pi−2 C3 = Pi − Pi−2 (4)

(C1 < −Thr) AND (C2 < −Thr) AND (C3 < −3 Thr) (5)

where Ai are the data samples and Thr is the threshold.

5 Convolution effects on simulated waveform

In this paragraph we will illustrate the preamplifier impulse response convolution effects
on pure garfiled data (output currents) in terms of counted number of clusters. As an
example figure 5 shows that different clusters are merged into a single one.

To evaluate the convolution effect we have used the full garfield dataset that is com-
posed by 1000 events. To count the clusters we have applied the first algorithm explained

4
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Ai	  	  Data	  samples	  Thr	  Threshold	  

Dead	  ;me	  asserted	  to	  avoid	  extra	  coun;ng	  	  
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Noise	  RMS	  evaluated	  off-‐signal	  

Impact	  parameter	  =	  0	  mm	  

Impact	  parameter	  =	  2.5	  mm	  

Impact	  parameter	  =	  5.0	  mm	  

Impact	  parameter	  =	  7.5	  mm	  
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average:30	  
rms:	  10	  

Average:20	  
rms:	  6	  

About	  30%	  loss	  efficiency	  due	  to	  preamplifier	  response	  convolu;on	  
(peak	  finding	  method)	  	  

pure	  GARFIELD	  data	  (1000	  data	  samples)	  –	  IP	  =	  0	  

convolved	  data	  (1000	  data	  samples)	  –	  IP	  =0	  

The	  same	  result	  is	  obtained	  adding	  only	  noise	  to	  the	  pure	  GARFIELD	  data	  	  



SuperB-‐DCH	   Servizio	  Ele2ronico	  
Laboratori	  Frasca;	  

Remind	  from	  Dec	  2011	  WS	  –	  step	  7:	  Adding	  noise	  and	  convolu;on	  

LNF	  SuperB	  Workshop	  –	  March	  2012	   20	  M.	  Bere2a	  

SNR	  evaluated	  considering	  single	  electron	  cluster	  average	  amplitude	  (~10mV)	  

SNR=10	  

SNR=6	  

SNR=2	  

SNR=Signal	  Amplitude/Noise	  RMS	  
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•  Opera;ng	  region	  around	  SNR	  =	  8	  can	  be	  inferred	  
•  External	  noise	  pickup	  reduces	  efficiency	  because	  higher	  thresholds	  must	  be	  required	  
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A	  cluster	  coun;ng	  feasibility	  study	  using	  two	  algorithms	  that	  can	  be	  implemented	  in	  
a	  FPGA	  has	  been	  carried	  out.	  	  
	  
The	  analysis	  have	  been	  performed	  using	  data	  sets	  based	  on	  GARFIELD	  simula;ons	  
at	  different	  impact	  parameters.	  
	  
Results	  show	  that	  preamplifier	  response	  convolu;on	  causes	  a	  loss	  of	  about	  28%	  in	  
detected	  clusters	  for	  different	  impact	  parameters.	  
	  
The	  addi;on	  of	  Gaussian	  noise	  with	  different	  SRN	  increases	  the	  coun;ng	  inefficiency	  
from	   40%	   (SNR=10)	   to	   about	   70%	   (SNR=2)	   for	   the	   peak	   finding	   algorithm.	   Slope	  
detec;on	  method	  is	  less	  sensi;ve	  to	  noise,	  anyway	  chamber	  must	  be	  operated	  with	  
high	   gas	   gain	   to	   guarantee	   a	   SNR	   ≥	   8	   (taking	   into	   account	   of	   external	   picked-‐up	  	  
noise)	  
	  
Peak	  detec;ng	  algorithm	  can	  be	  easily	  implemented	  in	  a	  FPGA,	  but	  is	  more	  sensi;ve	  
to	  noise	  
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EUROCARD	  6U	  

•  Power	  
•  System	  clock	  
•  …..	  

DAQ 
Trigger 

ECS 
Section 

Analog Receivers 
Section 

Data Conversion Board 

•  Inputs	  (from	  TB)	  

Data Digitizing 
Section 

PS
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TB I/O signals 

EUROCARD	  3U	  

•  Input	  Signals	  (from	  on-‐
detector)	  

•  On-‐Detector	  PS	  
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6U VME 6021 Series 

The WIENER VME 6021 crate series is the newest generation of 19" integrated packaging system 
for standard VME/VME64 bus systems with 6Ux160mm cards. Designed primarily for applications 
in data acquisition, control and test instrumentation it combines superior mechanical quality with 
lowest noise power supply technology. Featuring microprocessor controlled power supplies and 
fan trays it provides advanced integrated diagnostic and monitoring capabilities. For remote 
monitoring and control the VME6021 crates are outfitted with Ethernet, RS232 and CAN-bus 
interfaces. 

A unique flexibility is given by the modular packaging approach. The VME 6021 crate consists of 
the UEV 6021 bin, the UEL 6020 fan tray unit and the UEP 6021 power supply.  

Different power supply configurations as well as a variety of crate options are offered. 

UEV 6021 Bin 

!" 19” x 8U enclosure for 21 VME64x bus cards 6U x 160mm  

!" Very rugged steel-aluminum construction features 5mm thick heavy duty side plates with 
zero-tolerance countersink screw positioning of all horizontal rails,  

!" Monolithic 6U VME/VME64 backplane (J1/J2), 8 layer PCB, active termination, active 
automatic-daisy-chain,  

!" 2 U space for fan tray unit in front (bottom), power supply in rear top position (behind J1)  

!" Free rear side access of VME backplane at J2, optional 3U rear side transition card cage 
80mm/120mm/160mm/220mm deep 

!" Optional up to 8 temperature sensors in VME card cage above modules 

!" Dimensions: 19” (482mm)  x 8U (355mm) x 480mm [whd], weight: ca. 13 – 14 Kg 

UEL 6020 EX Fan Tray 

!" Designed to provide superior cooling of VME modules in bottom-to-top air flow  

!" Equipped with 3 individually controlled long-life DC fans, MTBF >65 000h  

!" Integrated fan speed and thermal monitoring, adjustable fan speed (1200 … 3200 RPM)  

!" Microprocessor controlled with alphanumeric high-visibility LED display for all fan tray, bin 
and power supply parameters (voltages, currents, power, temperatures, set-up data…) 

!" built in combo interface (Ethernet, RS232, CAN-bus) for remote monitoring and control  

!" Dimensions: 430mm x 2U (89mm) x 175mm [whd], weight: ca. 3.5 Kg – 3 DC fans 

!" Dimensions: 430mm x 2U (89mm) x 415mm [whd], weight: ca. 6.8 Kg – 6 DC fans (with 
cooling for transition modules) 

UEP6021 Power Supply 

!" High density / lowest-noise power supply in WIENER “Cavity-VHF” switching technology 
with excellent RF-shielding, < 10mVpp

!" Modular and expandable design with self-ventilated universal power blocks, individually 
sensed and floating DC outputs  

!" micro-processor controlled, programmable voltage adjustment, current limits and over-/ 
under voltage trip off points, temperature limits  

!" Self protected against any failure as under/over voltage, over current, over temperature, … 

!" 94V – 260V world-wide auto-range AC input, with power factor correction, CE 

!" High power density, up to 3 kW DC output power,  

!" 3U or 6U high power box  

!" Dimensions: 430mm x 3U (133mm) or 6U (267mm) x 250mm [whd],  
weight: from 9.6 to 20Kg depending on the number of power modules 

Standard configurations (other possible on request)

Crate Version Backplane +5V +12V -12V

VME 6021-611 VME/VME64 115A 23A 23A

VME 6021-613 VME/VME64 230A 23A 23A

VME 6021-614 VME/VME64 345A 23A 23A

VME 6021-620 VME/VME64 115A 46A 46A

VME 6021-621 VME/VME64 230A 46A 46A

VME 6021-622 VME/VME64 345A 46A 46A
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(with optional transition card cage)
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6U VME 6021 Series 

The WIENER VME 6021 crate series is the newest generation of 19" integrated packaging system 
for standard VME/VME64 bus systems with 6Ux160mm cards. Designed primarily for applications 
in data acquisition, control and test instrumentation it combines superior mechanical quality with 
lowest noise power supply technology. Featuring microprocessor controlled power supplies and 
fan trays it provides advanced integrated diagnostic and monitoring capabilities. For remote 
monitoring and control the VME6021 crates are outfitted with Ethernet, RS232 and CAN-bus 
interfaces. 

A unique flexibility is given by the modular packaging approach. The VME 6021 crate consists of 
the UEV 6021 bin, the UEL 6020 fan tray unit and the UEP 6021 power supply.  

Different power supply configurations as well as a variety of crate options are offered. 
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zero-tolerance countersink screw positioning of all horizontal rails,  
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automatic-daisy-chain,  

!" 2 U space for fan tray unit in front (bottom), power supply in rear top position (behind J1)  

!" Free rear side access of VME backplane at J2, optional 3U rear side transition card cage 
80mm/120mm/160mm/220mm deep 

!" Optional up to 8 temperature sensors in VME card cage above modules 

!" Dimensions: 19” (482mm)  x 8U (355mm) x 480mm [whd], weight: ca. 13 – 14 Kg 

UEL 6020 EX Fan Tray 

!" Designed to provide superior cooling of VME modules in bottom-to-top air flow  

!" Equipped with 3 individually controlled long-life DC fans, MTBF >65 000h  

!" Integrated fan speed and thermal monitoring, adjustable fan speed (1200 … 3200 RPM)  

!" Microprocessor controlled with alphanumeric high-visibility LED display for all fan tray, bin 
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!" Dimensions: 430mm x 2U (89mm) x 175mm [whd], weight: ca. 3.5 Kg – 3 DC fans 

!" Dimensions: 430mm x 2U (89mm) x 415mm [whd], weight: ca. 6.8 Kg – 6 DC fans (with 
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!" micro-processor controlled, programmable voltage adjustment, current limits and over-/ 
under voltage trip off points, temperature limits  

!" Self protected against any failure as under/over voltage, over current, over temperature, … 

!" 94V – 260V world-wide auto-range AC input, with power factor correction, CE 

!" High power density, up to 3 kW DC output power,  

!" 3U or 6U high power box  

!" Dimensions: 430mm x 3U (133mm) or 6U (267mm) x 250mm [whd],  
weight: from 9.6 to 20Kg depending on the number of power modules 

Standard configurations (other possible on request)
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VME 6021-613 VME/VME64 230A 23A 23A
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under voltage trip off points, temperature limits  
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!" 94V – 260V world-wide auto-range AC input, with power factor correction, CE 
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automatic-daisy-chain,  

!" 2 U space for fan tray unit in front (bottom), power supply in rear top position (behind J1)  
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80mm/120mm/160mm/220mm deep 

!" Optional up to 8 temperature sensors in VME card cage above modules 

!" Dimensions: 19” (482mm)  x 8U (355mm) x 480mm [whd], weight: ca. 13 – 14 Kg 

UEL 6020 EX Fan Tray 

!" Designed to provide superior cooling of VME modules in bottom-to-top air flow  

!" Equipped with 3 individually controlled long-life DC fans, MTBF >65 000h  

!" Integrated fan speed and thermal monitoring, adjustable fan speed (1200 … 3200 RPM)  

!" Microprocessor controlled with alphanumeric high-visibility LED display for all fan tray, bin 
and power supply parameters (voltages, currents, power, temperatures, set-up data…) 

!" built in combo interface (Ethernet, RS232, CAN-bus) for remote monitoring and control  

!" Dimensions: 430mm x 2U (89mm) x 175mm [whd], weight: ca. 3.5 Kg – 3 DC fans 

!" Dimensions: 430mm x 2U (89mm) x 415mm [whd], weight: ca. 6.8 Kg – 6 DC fans (with 
cooling for transition modules) 

UEP6021 Power Supply 

!" High density / lowest-noise power supply in WIENER “Cavity-VHF” switching technology 
with excellent RF-shielding, < 10mVpp

!" Modular and expandable design with self-ventilated universal power blocks, individually 
sensed and floating DC outputs  

!" micro-processor controlled, programmable voltage adjustment, current limits and over-/ 
under voltage trip off points, temperature limits  

!" Self protected against any failure as under/over voltage, over current, over temperature, … 

!" 94V – 260V world-wide auto-range AC input, with power factor correction, CE 

!" High power density, up to 3 kW DC output power,  

!" 3U or 6U high power box  

!" Dimensions: 430mm x 3U (133mm) or 6U (267mm) x 250mm [whd],  
weight: from 9.6 to 20Kg depending on the number of power modules 
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Front View 

Rear View 

Side view / schematic design 
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•  96	  pin	  connectors	  (3	  rows	  x	  32	  pins)	  can	  receive	  
only	  32	  signals	  (twisted	  pairs	  or	  coax)	  (we	  need	  
spare	  pins	  for	  on-‐detector	  PS	  and	  pulsing)	  

•  NO	  controlled	  impedance	  (OK	  for	  charge	  
measurements	  –	  Tested	  in	  KLOE	  experiment	  )	  

•  Avoid	  on-‐detector	  cables	  
running	  in	  front	  of	  crates	  

•  Avoid	  disconnec;ng	  
signal	  cables	  to	  change	  a	  
readout	  board	  
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6U VME 4500 Crate Series

The WIENER VME 4500 crate series is a compact new generation of 19" integrated packaging
system with frontal cooling air intake for standard VME/VME64 bus systems with 6Ux160mm 
cards. Designed primarily for applications in data acquisition, control and test instrumentation it 
combines superior mechanical quality with lowest noise power supply technology. Featuring
microprocessor controlled power supplies and fans it provides advanced integrated diagnostic and 
monitoring capabilities. For remote monitoring and control the VME4500 crates are outfitted with 
Ethernet, RS232 and CAN-bus interfaces. 

A unique flexibility is given by the modular packaging approach. The VME 4500 crate consists of 
the UEV 4503 bin, the UEL 4500 fan tray unit and the UEP 4500 power supply.  

Different power supply configurations as well as a variety of crate options are offered. 

!" 7U VME-Bin VM4 with 16 Slots for 6Ux160mm VME modules,  

!" 19” x 10U enclosure for 21 VME64 bus cards 6U x 160mm  

!" Very rugged steel-aluminum construction features 5mm thick steel-aluminum sandwich side 
plates with zero-tolerance countersink screw positioning of all horizontal rails,  

!" Monolithic 6U VME/VME64 backplane (J1/J2), 10 layer PCB, active termination, active 
automatic-daisy-chain, CBLT and hot swapping (patented) 

!" Free rear side access of VME backplane, optional  rear side transition card cage, depth 
80mm/120mm/160mm deep 

!" 3 U space for fan tray unit in front (bottom), power supply in rear bottom position 

!" Alphanumeric high-visibility LED display for all fan (front- and optional rear ones), bin and 
power supply parameters (voltages, currents, power, temperatures, set-up data…)  
situated in 1 U hood which feeds the cooling air flow to the rear side 

!" Integrated fan speed and thermal monitoring, adjustable fan speed (1200 … 3200 RPM)  

!" Optional second 3-fold fan set placed at hinged rear cover (not with 160mm transition cage) 

!" Optional up to 8 temperature sensors in VME card cage above modules 

!" Dimensions: 19” x 10U x 430mm [whd], weight: ca. 14 Kg

!" Designed to provide superior cooling of VME modules in bottom-to-top air flow  

!" Equipped with 3 individually controlled long-life DC fans, MFOT >65 000h/40°C  

!" Dimensions: 433 x 3U x 77mm [whd], weight: ca. 3.5 Kg – 3 DC fans 

!" High density / lowest-noise power supply in WIENER “Cavity-VHF” switching technology 
with excellent RF-shielding, < 10mVpp

!" Modular and expandable design with self-ventilated universal power blocks, individually 
sensed DC outputs

!" Micro-processor controlled, programmable voltage adjustment, current limits and over-/ 
under voltage trip off points, temperature limits  

!" Built in combo interface (Ethernet, RS232, CAN-bus) for remote monitoring and control at 
rear side 

!" Self protected against any failure as under/over voltage, over current, over temperature, … 

!" 94V – 265V world-wide auto-range AC input, with power factor correction, CE 

!" High power density, up to 2275 W DC output power (max. DC output = 13W/VAC inp.),  

!" Horizontal ventilated (front to back) 

!" Dimensions: 430 x 3U x 250mm [whd], weight: from 11 to 13Kg depending on the number of 
power modules 

Standard configurations (other possible on request)

Crate Version Backplane +5V +12V -12V

VME 4503-611 VME/VME64 115A 23A 23A

VME 4503-613 VME/VME64 230A 23A 23A

VME 4503-614 VME/VME64 345A (special) 23A 23A

UEV 4503 Bin 

UEL 4500 Fan Tray 

UEP4500 Power Supply 
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6U VME 4500 Crate Series

The WIENER VME 4500 crate series is a compact new generation of 19" integrated packaging
system with frontal cooling air intake for standard VME/VME64 bus systems with 6Ux160mm 
cards. Designed primarily for applications in data acquisition, control and test instrumentation it 
combines superior mechanical quality with lowest noise power supply technology. Featuring
microprocessor controlled power supplies and fans it provides advanced integrated diagnostic and 
monitoring capabilities. For remote monitoring and control the VME4500 crates are outfitted with 
Ethernet, RS232 and CAN-bus interfaces. 

A unique flexibility is given by the modular packaging approach. The VME 4500 crate consists of 
the UEV 4503 bin, the UEL 4500 fan tray unit and the UEP 4500 power supply.  

Different power supply configurations as well as a variety of crate options are offered. 

!" 7U VME-Bin VM4 with 16 Slots for 6Ux160mm VME modules,  

!" 19” x 10U enclosure for 21 VME64 bus cards 6U x 160mm  

!" Very rugged steel-aluminum construction features 5mm thick steel-aluminum sandwich side 
plates with zero-tolerance countersink screw positioning of all horizontal rails,  

!" Monolithic 6U VME/VME64 backplane (J1/J2), 10 layer PCB, active termination, active 
automatic-daisy-chain, CBLT and hot swapping (patented) 

!" Free rear side access of VME backplane, optional  rear side transition card cage, depth 
80mm/120mm/160mm deep 

!" 3 U space for fan tray unit in front (bottom), power supply in rear bottom position 

!" Alphanumeric high-visibility LED display for all fan (front- and optional rear ones), bin and 
power supply parameters (voltages, currents, power, temperatures, set-up data…)  
situated in 1 U hood which feeds the cooling air flow to the rear side 

!" Integrated fan speed and thermal monitoring, adjustable fan speed (1200 … 3200 RPM)  

!" Optional second 3-fold fan set placed at hinged rear cover (not with 160mm transition cage) 

!" Optional up to 8 temperature sensors in VME card cage above modules 

!" Dimensions: 19” x 10U x 430mm [whd], weight: ca. 14 Kg

!" Designed to provide superior cooling of VME modules in bottom-to-top air flow  

!" Equipped with 3 individually controlled long-life DC fans, MFOT >65 000h/40°C  

!" Dimensions: 433 x 3U x 77mm [whd], weight: ca. 3.5 Kg – 3 DC fans 

!" High density / lowest-noise power supply in WIENER “Cavity-VHF” switching technology 
with excellent RF-shielding, < 10mVpp

!" Modular and expandable design with self-ventilated universal power blocks, individually 
sensed DC outputs

!" Micro-processor controlled, programmable voltage adjustment, current limits and over-/ 
under voltage trip off points, temperature limits  

!" Built in combo interface (Ethernet, RS232, CAN-bus) for remote monitoring and control at 
rear side 

!" Self protected against any failure as under/over voltage, over current, over temperature, … 

!" 94V – 265V world-wide auto-range AC input, with power factor correction, CE 

!" High power density, up to 2275 W DC output power (max. DC output = 13W/VAC inp.),  

!" Horizontal ventilated (front to back) 

!" Dimensions: 430 x 3U x 250mm [whd], weight: from 11 to 13Kg depending on the number of 
power modules 

Standard configurations (other possible on request)

Crate Version Backplane +5V +12V -12V

VME 4503-611 VME/VME64 115A 23A 23A

VME 4503-613 VME/VME64 230A 23A 23A

VME 4503-614 VME/VME64 345A (special) 23A 23A
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6U VME 4500 Crate Series

The WIENER VME 4500 crate series is a compact new generation of 19" integrated packaging
system with frontal cooling air intake for standard VME/VME64 bus systems with 6Ux160mm 
cards. Designed primarily for applications in data acquisition, control and test instrumentation it 
combines superior mechanical quality with lowest noise power supply technology. Featuring
microprocessor controlled power supplies and fans it provides advanced integrated diagnostic and 
monitoring capabilities. For remote monitoring and control the VME4500 crates are outfitted with 
Ethernet, RS232 and CAN-bus interfaces. 

A unique flexibility is given by the modular packaging approach. The VME 4500 crate consists of 
the UEV 4503 bin, the UEL 4500 fan tray unit and the UEP 4500 power supply.  

Different power supply configurations as well as a variety of crate options are offered. 

!" 7U VME-Bin VM4 with 16 Slots for 6Ux160mm VME modules,  

!" 19” x 10U enclosure for 21 VME64 bus cards 6U x 160mm  

!" Very rugged steel-aluminum construction features 5mm thick steel-aluminum sandwich side 
plates with zero-tolerance countersink screw positioning of all horizontal rails,  

!" Monolithic 6U VME/VME64 backplane (J1/J2), 10 layer PCB, active termination, active 
automatic-daisy-chain, CBLT and hot swapping (patented) 

!" Free rear side access of VME backplane, optional  rear side transition card cage, depth 
80mm/120mm/160mm deep 

!" 3 U space for fan tray unit in front (bottom), power supply in rear bottom position 

!" Alphanumeric high-visibility LED display for all fan (front- and optional rear ones), bin and 
power supply parameters (voltages, currents, power, temperatures, set-up data…)  
situated in 1 U hood which feeds the cooling air flow to the rear side 

!" Integrated fan speed and thermal monitoring, adjustable fan speed (1200 … 3200 RPM)  

!" Optional second 3-fold fan set placed at hinged rear cover (not with 160mm transition cage) 

!" Optional up to 8 temperature sensors in VME card cage above modules 

!" Dimensions: 19” x 10U x 430mm [whd], weight: ca. 14 Kg

!" Designed to provide superior cooling of VME modules in bottom-to-top air flow  

!" Equipped with 3 individually controlled long-life DC fans, MFOT >65 000h/40°C  

!" Dimensions: 433 x 3U x 77mm [whd], weight: ca. 3.5 Kg – 3 DC fans 

!" High density / lowest-noise power supply in WIENER “Cavity-VHF” switching technology 
with excellent RF-shielding, < 10mVpp

!" Modular and expandable design with self-ventilated universal power blocks, individually 
sensed DC outputs

!" Micro-processor controlled, programmable voltage adjustment, current limits and over-/ 
under voltage trip off points, temperature limits  

!" Built in combo interface (Ethernet, RS232, CAN-bus) for remote monitoring and control at 
rear side 

!" Self protected against any failure as under/over voltage, over current, over temperature, … 

!" 94V – 265V world-wide auto-range AC input, with power factor correction, CE 

!" High power density, up to 2275 W DC output power (max. DC output = 13W/VAC inp.),  

!" Horizontal ventilated (front to back) 

!" Dimensions: 430 x 3U x 250mm [whd], weight: from 11 to 13Kg depending on the number of 
power modules 

Standard configurations (other possible on request)

Crate Version Backplane +5V +12V -12V

VME 4503-611 VME/VME64 115A 23A 23A

VME 4503-613 VME/VME64 230A 23A 23A

VME 4503-614 VME/VME64 345A (special) 23A 23A
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The	  solu;on	  allows	  to	  receive	  up	  to	  
64	  signals	  (twisted	  pairs	  or	  coax)	  
but	  use	  NON	  standard	  PS	  
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TRIGGER	  
	  Patch	  Panel	  

DATA	  CONVERSION	  
BOARD	  

Trigger	  OL	  

Data	  OL	  

ECS	  

Signals	  from	  on-‐
detector	  electronics	  

If	  can	  use	  standard	  VME	  crates	  (probably)	  we	  do	  not	  need	  external	  power	  supply	  



SuperB-‐DCH	   Servizio	  Ele2ronico	  
Laboratori	  Frasca;	  

Power	  Supply	  Requirements	  

LNF	  SuperB	  Workshop	  –	  March	  2012	   26	  G.	  Felici	  

Truncated	  Mean	   Cluster	  Coun;ng	  

Single	  channel	  preamplifier	   Single	  channel	  preamplifier	  

8	  mA	  	  @	  4	  V	   30	  mA	  @	  5	  V	  

Truncated	  Mean	  (single	  crate)	   Cluster	  Coun;ng	  (single	  crate)	  
16x32	  chs/board	  RO	   16x64	  chs/board	  RO	   16x16	  chs/board	  

ON-‐DETECTOR	  
512	  channels	   1024	  channels	   256	  channels	  

4.1	  A	  @	  5	  V	   8.2	  A	  @	  5	  V	   7.68	  A	  @	  6V	  

OFF-‐DETECTOR	  

16	  RO	  boards	  +	  
2	  concentrators	  

16	  RO	  boards	  +	  
2	  concentrators	  

16	  RO	  boards	  +	  
2	  concentrators	  

72	  A	  @	  5	  V	  
3.2	  A	  @	  12	  V	  
3.2	  A	  @	  12	  V	  	  

120	  A	  @	  5	  V	  
3.2	  A	  @	  12	  V	  
3.2	  A	  @	  12	  V	  	  

120	  A	  @	  5	  V	  
3.2	  A	  @	  12	  V	  
3.2	  A	  @	  12	  V	  	  

Truncated	  Mean	   Cluster	  Coun;ng	  

Channels/board	   Number	  of	  Crates	   Channels/board	   Number	  of	  Crates	  

64	   10	  
16	   40	  

32	   20	  


