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1. Introduction 

 The intent of this report is to document the development of the shaping amplifiers for the LHC 

Luminosity Monitor  (LUMI).  The front-end amplifier was originally designed by P.F. Manfredi, L. Ratti 

and G. Traversi at the University of Pavia (Italy) and this document presents the development of the second 

amplifying stage.  The main challenge of the design is the high repetition rate of the measurement 

(40MHz). 

 The front-end amplifier is charge sensitive amplifier with a dynamic 50-ohm input impedance to match 

the characteristic impedance of the coaxial cable connecting the detector and the electronics.  The detector 

is an ionization chamber in which parallel plates (6 gaps) collect the charge produced by the MIPs inside 

the chamber.   The preamplifier integrates the charge and produces an output voltage pulse proportional in 

amplitude to the number of MIP (gain ~ 5mV/pp interaction). The original shaping amplifiers that were 

developed by the University of Pavia did not meet all the application requirements.  This shaper was a 

(CR)3-(RC)4 structure that was compensating many poles of the system but did not offer a lot of flexibility 

in the pole-zero compensation.  The main consequence was a baseline shift associated with the pile-up of 

the shaping amplifiers output signals. New shapers using different structures were investigated and are 

presented in this document. 

 



2. LUMI Front-end Electronics – Poles and Zeros 

 The shaping requirements for the LUMI instrument are related to the return baseline in order to clearly 

separate consecutive bunches (25ns @ 40MHz).  The proposed deconvolution technique to cancel the long 

tail of the exponential decay will be performed by a subtraction algorithm.  

 There are several poles associated with the system, from the detector to the preamplifier.  Each 

contributes to the final shape of the signal and must be accounted for in the design of the shaping amplifier. 

 

2.1. 50-Ohm equivalent Input Preamplifier  

 The main pole of the system is associated to the connection between the detector and the front-end 

electronics.  The 50-ohm input of the preamplifier combined with the detector capacitance produces a pole 

in the system.  This pole set the rise time of the signal at the input of the preamplifier. 

 

Figure 1: Signal Time constant 

 

2.2. Collection time  

 Another pole associated with the detector is related to the transit time T (see Figure 1).  If the drift 

velocity, set by the ratio E/pressure, is too slow, the signal shape stretches longer than the beam-beam 

repetition time and measurements have been made to show that this specifically stretches the back edge of 

the shaped pulse.  This pole can be ignored once the proper combination of pressure and high-voltage bias 

has been selected. 



2.3. Preamplifier 

 Any time-continuous charge sensitive preamplifier comprises two main poles.  One is associated with 

the gain-bandwidth product of the amplifier and the second with the feedback.  The former sets the rise 

time of the output signal while the latter sets the discharge time constant of the feedback capacitor. 

 

Figure 2: Preamplifier’s main poles. 

 

 Since the rise time of the signal due to the input impedance and the detector capacitance is larger than 

the rise time associated to the gain-bandwidth product of the preamplifier, the rise time of the signal at the 

output of the preamplifier is dominated by the input signal rise time. 

 In the final configuration of the instrument we also plan to separate the front-end amplifier from the 

shaping amplifier.  Measurements were made with a 1,000’ cable separating the two stages and showed a 

slight degradation of the preamplifier signal due to the large capacitive load. 

 

 



3. Pole-Zero Cancellation – One-zero Four-pole Shap er  

 The original shaper exhibited a PZ problem as shown in figure 3.  A different design was studied and 

built with a simple PZ cancellation scheme [1, PZ cancellation].  The design is based on information found 

in references [2, OKHAWA] and [3,MOSHER], and by calculating the appropriate time constants 

following the method described in [4, 2nd order …JFB]. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Preamplifier and Pavia Shaping amplifier (version 2) response to a 40MHz burst  

(a) Shaping amplifier output (b) injection strobe signals 

The pole-zero problem of the shaping amplifier is noticeable at the end of the burst (curve (a)) and is 

characterized by the long recovery to the baseline.  The origin of the phenomenon is described in [1] where 

it is also shown that the location of the zero differentiating the long tail of the preamplifier signal must 

coincide with the low-frequency “feedback” pole of the preamplifier in order to cancel the undershoot. 

 

 

(a) 

(b) 



3.1. Pseudo-Gaussian Shaper 

 The pseudo-gaussian shapers can easily be implemented using operational amplifiers.  The poles of 

those filters are adjusted to be complex conjugate of one another, producing a sinusoidal response in the 

time domain.  This response is attenuated by a decaying exponential response [4].  The order of the filter, 

or number of poles, is chosen to optimize the form factor of the time response and was selected to be 4. 

 Due to the bandwidth required to implement this function two structures were studied: 

The modified Bridge-T structure, using voltage feedback amplifiers 

The Sallen-Key structure, using current feedback amplifiers and taking advantage of their superior transient 

characteristics (gain-bandwidth product and slew-rate). The down side of these amplifiers is their increased 

input current noise densities but S/N is not a major concern for this application. 

 

3.2. Voltage Feedback Amplifier Structure 

 The structure of the shaping amplifier is shown in the following figure. 

 

Figure 4: Shaping amplifier -Voltage feedback structure. 

 

 The differentiation is provided by the components R1 and C1.   The differentiation stage is followed by 

two two-pole integration stages.  The pole-zero compensation is applied according to [1] around the 

differentiation stage.  

 We refer to this circuit and its implementation as the “SG4 shaper”. 



3.3. Current Feedback Amplifier Structure 

 The structure of the shaping amplifier is shown in the following figure. 

 

Figure 5: Shaping amplifier - Current feedback structure. 

 The differentiation is provided by the components R1 and C1.   The differentiation stage is followed by 

two two-pole Low-pass Sallen-Key stages.  The pole-zero compensation is applied according to [1] around 

the differentiation stage. 

 We refer to this circuit and its implementation as the “SK4 shaper”. 

 

3.4. PSPICE Simulation Modeling 

3.4.1. Preamplifier – Behavioral model 

 The models of the bipolar transistors used in the design of the preamplifier do not accurately provide 

realistic simulation results when compared with the measurements made of the performances of the 

preamplifier.  In order to design the shaping amplifier, the preamplifier transistor model was replaced with 

a behavioral model providing transient characteristics similar to those measured.  The cable connecting the 

detector to the preamplifier is not included in that model. Its effects on the rise time can be incorporated by 

modifying the value of the Cbw capacitor, which sets the rise time of the preamplifier signal. 

 

Figure 6: Preamplifier - Behavioral model  



3.4.2. SG4 Shaper – Simulation Model and Results 

 

Figure 7: SG4 Shaper - Simulation model 

 

 

 

Figure 8: SG4 Shaper - Simulation results – Injection 20pp interaction 

(a) Preamplifier Behavioral model response (b) SG4 response 
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(b) 



3.4.3. SK4 Shaper – Simulation Model and Results 

 

Figure 9: SK4 Shaper - Simulation model 

 

 

Figure 10: SG4 Shaper - Simulation results – Injection 20pp interaction 

(a) Preamplifier Behavioral model response (b) SG4 response 
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3.4.4. SK4 Shaper – Pole-Zero Cancellation 

 In order to evaluate the effectiveness of the pole-zero cancellation, a burst of identical pulses (20pp) is 

injected into the preamplifier.  In one case the pole-zero cancellation is not adjusted and in the other the 

adjustment is made.  In both cases, pile-up effects can be observed at the output of the preamplifier. 

 

Figure 11: SK4 Shaper – Pole-Zero Cancellation Problem  

(a) Preamplifier behavioral model response (b) SK4 response 

 

Figure 12: SK4 Shaper – Effective Pole-Zero Cancellation 

 (a) Preamplifier behavioral model response (b) SK4 response 

 

 Fig. 12 shows the effectiveness of the pole-zero compensation that was verified by actual 

measurements. 
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3.5. Lab Measurements 

 Both shapers are implemented with an additional inverting gain and offset stage.  The following 

snapshots were taken with the SK4 shaper. 

 

Figure 13: SK4 Shaper Step Response (20ns/div) 

 

 

Figure 14: Preamplifier and SK4 Shaper Response (40ns/div) 

 

The pulse is different from the response from the simulation.  The cause can be traced back to the rise time 

of the preamplifier signal: 



With no detector capacitance, the pole associated to the rise time of the signal at the input of the 

preamplifier is located at higher frequency than the dominant pole of the preamplifier.  In that case the 

transient response of the preamplifier is similar to the one shown in Fig. 10. In turn the transient response 

of the shaping amplifier is then similar to the one shown in Fig. 10 or to its step response (see Fig. 13). 

With a detector capacitance of 82pF, the pole associated to the rise time of the signal at the input of the 

preamplifier is located at a lower frequency than the dominant pole of the preamplifier and becomes the 

dominant pole of the system.  Simulations were run where the rise time of the signal was intentionally 

slowed down to verify the convolution effect with the response of the shaper. 

 

Figure 15: Effect of the rise time of the input signal on the responses of the preamplifier and of the shaper 

 

 The simulation results confirm the observation of the changes of the response of the SK4 shaper.  The 

slower rise time of the input signal has two main effects on the shaper output signal: 

Slower rise time, and consequently longer peaking time. 

Longer return to the baseline due to a broadening of the base. 



3.6. Detector Capacitance - ALS BTS Run Data and Im pedance Measurements 

 Measurements made at the ALS showed that the effective capacitance of a quadrant is larger than the 

82pF used in the laboratory test setup.  Using an impedance meter, the detector capacitance was measured 

at 135pF.   

 

3.7. Separation of the preamplifier and of the shap er 

 As mentioned in paragraph 2.3, the preamplifier and the shaper will be separated in the final version of 

the instrument.  Measurements have been made with the current setup where a 1,040’ long cable was 

inserted between the preamplifier and the shaper.   The increased capacitive load at the output of the 

preamplifier slows the signal down at the input of the shaping amplifier, accentuating the effects described 

in 3.6. 

 

Figure 16: Preamplifier Response with and without the 1040ft long cable 

 

 

 

 



4.  Two-zero-two-pole Shaper  

 The data from paragraph 3.5 to 3.7 was integrated into the preamplifier behavioral model in order to 

account for the larger input capacitance and for the cable effects.  The new model can then be used to 

design a new version of the shaping amplifier. 

 This paragraph presents the simulation model developed for this new circuit since it has not been built 

and tested yet. 

4.1. Double Differentiation 

 The only solution to reduce the time occupancy of the shaped pulse is to reduce its peaking time 

(consequently its rise time).  The slow rise time is dominated by the large detector capacitance effect.  As 

suggested during the review using two 50-Ohm cables in parallel would reduce the signal time constant by 

two. This solution would yet require a design upgrade of the preamplifier.  Another solution involves the 

design of a shaping amplifier in which an additional stage to the current structure  

 The SK4 and SG4 shapers have one differentiation stage to cut the long tail of the preamplifier signal.  

The proposed new shaper has an additional differentiation stage in order to select the high frequency 

components of the signal.  The main penalty to be expected is an increase in the noise performance of the 

system due to a larger signal bandwidth. 

 

4.2. Pole-Zero Compensation 

 The introduction of a second zero into the shaping amplifier requires an adjustment of the pole-zero 

compensation.  The simulation study showed that the adjustment is made easier when both differentiation 

stages are individually compensated for as described in [1] 

 

 



4.3. PSPICE Simulation Modeling 

4.3.1. Preamplifier – Behavioral model 

 The following figure show the modified behavioral model of the preamplifier. 

 

Figure 17: Preamplifier behavioral model 

 

4.3.2. Double Differentiation Shaping amplifier 

 The following figures show the new shaping amplifier structure and the added differentiation stage. 

 

 

Figure 18: LUMI shaping amplifier – Double Differentiation stucture 

 



 

Figure 19: Added differentiation stage with pole-zero compensation 

 

4.3.3. Simulation Results 

 For comparison with the SK4 shaper, a simulation model was developed with both the SK4 and the 

double-differentiation shapers.  In the case of the double-differentiation shaper, the outputs after 2 poles 

and after 4 poles were monitored.  The model is shown hereafter followed by the simulation results.  In the 

following model, all the outputs are AC coupled to subtract the DC offset. 

 

Figure 20: Simulation Model with SK4 and Double Differentiation Shaper 

 

 



The following graph shows the single pulse response of both shapers. 

 

Figure 21: Single Pulse Response: Preamplifier model, SK4 and  

Double Differentiation Shaper (10ns/div) 

 

Figure 22: Single Pulse Response: Preamplifier model, SK4 and  

Double Differentiation Shaper (2ns/div) 



 

Figure 23: Two-pulse response (25ns spacing) – Preamplifier model, SK4 and  

Double Differentiation Shaper (10ns/div) 

 The pile-up effect in the preamplifier becomes significant but the separation of the pulses is still 

possible since the pile-up occurs on the trailing edge of the signal.  The return to the baseline of the signal 

taken after the first integration stage is faster than the one taken from the second stage. 

 

 

Figure 24: Two-pulse response (25ns spacing) - SK4 and Double Differentiation Shaper (10ns/div) 

 


