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Abstract

The basics of an integrated circuit are described with special emphasis placed on a charge-measurement
system. Starting with an outline of a fine CMOS technology, the discussion moves to a practical imple-

mentation of circuits.
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5 Signal Processing for a charge-measurement system
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5.1 Test-pulse injection circuit
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We describe here a charge-measurement system
which consists of a preamplifier, a pole-zero can-
cellation circuit, a shaping amplifier as a main
amplifier, and a peak-hold circuit.

After introducing each circuit block, we dis-
cuss the operation of the entire circuit based on
SPICE.

The circuit shown in Fig. 1 is prepared for the
purpose of injecting a certain amount of charge
to a signal-processing system. Input signals for
the charge-measurement system are generated in
a radiation detector; the test pulse injection cir-
cuit simulates such detector signals. The signals
generated by the test pulse circuit are called ”test
pulses”.
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Figure 1: Thevenin equivalent of a test-pulse injection circuit.
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5.2 Charge-sensitive preamplifier

VO/S
-~ 1/(sCy)

The voltage source generates a step pulse with
an amplitude of Vy. The corresponding Norton’s
equivalent has a current source,

= ‘/E)COv

and capacitance Cy as a parallel load.

The time-domain presentation of the current
source is a charge impulse, which is described as
i(t) = VoCoo(¢).
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Figure 2: Charge-sensitive preamplifier.
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Fig. 2 shows a charge-sensitive preamplifier. The
in-coming charge is stored in capacitor C1 and is
automatically discharged through resistor R1 to
restore the base line. The transfer function can
be presented in terms of the trans-conductance
gain as
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5.3 Pole-zero cancellation circuit

BT
1+ sC’lRl ’

A practical preamplifier may include another
time constant related to the signal’s rise time un-
der the influence of the detector capacitance. As
long as the open-loop gain of the preamplifier is
kept very large, the deterioration of the rise time
is usually not a major issue.
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Figure 3: Pole-zero cancellation circuit.
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Fig. 3 shows the so-called a pole-zero cancella-
tion circuits, whose transfer function is described
as

1+ SCQRQ
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5.4 Non-inverting amplifier
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- RQ + Rg 1+ SCQ(R2||R3)

Once you set Co Ry = C1 Ry, the zero of Tb com-
pensates the pole of Tj; the scheme is called
"pole/zero cancellation”.  The effect of the
pole/zero cancellation is to shorten the decay tail
of the preamplifier output down to Co(Rs || R3)
in place of C1 R;.

Fig. 4 shows a so-called non-inverting amplifier.
The gain of the amplifier is described as

If you intend to recover the signal’s amplitude for
the DC-loss at the pole/zero cancellation stage,
it requires
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Figure 4: Non-inverting amplifier.
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5.5 Shaping amplifier circuit
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Figure 5: Shaping amplifier.
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5.6 Entire signal chain
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Fig. 5 shows the circuit configuration of the
shaping amplifier. The term shaping amplifier
sometimes designates a circuit which combines
the pole/zero cancellation circuit and the shap-
ing amplifier circuit. The transfer function of the
shaping amplifier shows the following low-pass
characteristics:

L
RG 1+ SC7R7.

It is a common practice to set the poles of T5 and
Ts at the same frequency, i.e. setting CyR; =
C5(Rs2||R3), which is called the ”critical damping
condition”.

The entire transfer function of the
signal  processing system is given by
Io(8)T1(8)T2(s)T5(s)Tu(8)T5(s)T5(s), which

yields
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Figure 6: Entire signal chain.
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where we have employed the relations Tj; =
CQ(R2||R3) = C'7R77 R5/R4 = RQ/Rg, and
CQRQ = ClRl.

Fig. 6 shows a complete signal-processing chain
where the peak hold circuit is located at the final
stage together with the circuit blocks described
above.

You can find exact details concerning the com-
ponents’ values by referring to the SPICE netlist
attached below.

VCCS’s (op0 and op2), i.e. the transconductance
amplifiers, are employed for the preamplifier and
the peak-hold circuit, while VCVS’s (opl) are
employed for the shaping amplifier and the non-
inverting amplifier.

You should be specifically aware that op2 is
equipped with an output voltage limiter circuit.
The peak-hold circuit employs two MOSFETs,
M1 and M2. M1 is an analog switch, which is
shut off during the hold mode, and is turned on
during the tracking mode. M2 is a source follower
to rule the direction of the current flow.

The voltage limiter circuit is relevant to keep
transistor M1 shut off during the peak-hold
mode.
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* Spice netlist for Fig.6
.SUBCKT op0 minus out plus
gl out 0 minus plus 2m
.ENDS

.SUBCKT opl minus out plus
el out 0 plus minus 10000
.ENDS

.SUBCKT op2 minus out plus

M1 N4 N2 out N5 NMOS L=0.6u W=6u M=1
M2 N5 N1 out N4 PMOS L=0.6u W=6u M=1

R3 0 out 5Meg TC=0.0, 0.0
v4 N4 0 2.5

vb 0 N5 2.5

v6 0 N2 1.

v7 N10 1.

g8 out 0 minus plus 2m
.ENDS

* Main circuit:

INC mos.md

CO N5 vstep 1pF

C1 N5 prout 0.5pF

C2 prout N6 500p

C7 N2 shout 100p

C8 0 N7 10p

Each line of the SPICE netlist in general consists
of the instance name, a list of the relevant nodes,
the model name for the device, and the parame-
ter for the device. The entire netlist is basically
equivalent to the corresponding schematic.

The lines which are located in between .SUB-
CKT and .ENDS are called a subcircuit descrip-
tion, which defines a certain function block, and
enables modular presentation of the circuit.

The model file of the MOSFET is incorporated
into the SPICE simulation by a control com-
mand, .INC.

The control line which begins with .tran desig-
nates that the simulation executed in the current
run is a time-domain analysis.

.END is a mandatory control command which
designates the last line of the circuit description.
The following is the SPICE netlist corresponding
to Fig. 6:

M1 MON reset phout N1 NMOS L=0.6u W=1.8u M=1
M2 N8 MON phout N1 NMOS L=0.6u W=1.8u M=1

X1 N5 prout 0 op0

X2 N3 pzout N6 opl

X3 0 shout N2 opl

X4 phout MON shout op2
.probe

R1 N5 prout 20Meg TC=0.0, 0.0
R2 prout N6 20k TC=0.0, 0.0
R3 0 N6 5k TC=0.0, 0.0



R4 0 N3 5k TC=0.0, 0.0

R5 N3 pzout 20k TC=0.0, 0.0

R6 pzout N2 1k TC=0.0, 0.0

R7 N2 shout 20k TC=0.0, 0.0

R8 phout N7 100 TC=0.0, 0.0

V2 N80 25

V3 0N125

tran 1n 40u

v0 vstep 0 pulse(0.0 4m 1.5u 10n 10n 39u 50u)
v1 reset N1 pulse(0 5 0 10n 10n 1u 39u)
* End of main circuit

.end
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Employing the parameters assigned in the SPICE
netlist, i.e. Vo =4 mV,Cy=1pF, Cy =0.5 pF,
Ry =20KkQ, R3=5kQ, Rg =1kQ, Ry =20 kQ
and Ty = C7R7; = 2 us, the pulse height of the
output is 293 mV with a peaking time of 2 pus.
The actual signal’s response examined by the
SPICE simulation is shown in Fig.7.
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Figure 7: Response of the circuit.
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The horizontal scale presents a time axis, which
covers 0 to 40 pus. The vertical scale presents a
voltage, which covers -40 to 10 mV in the upper
chart, and -50 to 350 mV in the lower chart.
The upper chart shows voltage transients for
vstep, prout and pzout, which are the test pulse
input, the preamplifier output, and the out-
put of the non-inverting amplifier after pass-
ing through the pole/zero cancellation circuit.
The vstep signal is a step signal with an am-
plitude of 4 mV. The input for vstep is ampli-
fied by —Cy/C7 = —2 to appear at the node of
prout. The pole/zero cancellation circuit short-
ens the damping time constant from the origi-
nal time constant of C1R; = 10 us down to
CQ(RQ H Rg) =2 Hus.

The lower chart shows an output of the shaper
amplifier shout, and an output of the peak-hold
circuit phout. The signals for shout and phout
are identical until ¢t ~ 3.5 us.

The voltage at the node phout maintains the
peak voltage of shout even after ¢ ~ 3.5 us, and
again meets shout at ¢ ~ 40 us by the action
of the MOSFET M1, which moves the mode of
the peak-hold circuit from the hold-mode to the
tracking-mode.

5.7 Alternative scheme for pole zero cancellation
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The pole/zero cancellation circuit described in
§5.3 can be modified as shown in Fig. 8 under
the condition that the output of the pole/zero
cancellation circuit is fed into a low-impedance
node. The alternative pole/zero cancellation cir-
cuit is located in place of Rg of the shaping am-
plifier circuit described in §5.5. The combined
transfer function T,;:(s) of the modifier shaping
amplifier is

1 4 5C2(R2q + R3a)

000000D0000Cy(Ree+Rs.) =C1R, 000
OO0000000O00000000DDO0OCRs, =
C-R,00000000000O00OO
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The condition for the pole/zero cancellation is
C5(R2q + R3a) = C1R;. The condition for the
critical damping is Co Rz, = C7 R7.
Introducing Ry4,, and Rs, for new parameters of
the non-inverting amplifier, we can describe the
overall response as

VE)CO RQa R5a

Ry b o—t/Tu

Cl RBa R4a

Rga (1 + STM)2 - Cl

(1+

)1+

)

R3a R4a R2a TM

000000000 900000 SPICE 000 The following is the SPICE netlist corresponding
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to Fig. 9:
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Figure 8: Alternative pole-zero cancellation scheme.
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Figure 9: Entire signal chain.

* SPICE netlist for Fig.9

* Main circuit:

X1 N35 prout 0 op0

X2 0 shout N40 opl

X3 N34 gaout shout opl

X4 N33 mon gaout op2

INC mos.md

CO0 N35 vstep 1pF

C1 N35 prout 0.5pF

C2 prout N36 500p

C7 N40 shout 100p

C8 0 phout 10p

M1 mon reset N33 N38 NMOS L=0.6u W=1.8u M=1
M2 N39 mon N33 N38 NMOS L=0.6u W=1.8u M=1
.probe

R1 N35 prout 20Meg TC=0.0, 0.0
R7 N40 shout 20k TC=0.0, 0.0
R8 N33 phout 100 TC=0.0, 0.0
R2a prout N40 20k TC=0.0, 0.0
R3a N40 N36 5k TC=0.0, 0.0
Rd4a 0 N34 5k TC=0.0, 0.0

Rb5a N34 gaout 20k TC=0.0, 0.0
Vdd N39 0 2.5



Vss 0 N38 2.5
.tran 1n 40u

v0 vstep 0 pulse(0.0 4m 1.5u 10n 10n 39u 40u)

v1 reset N38 pulse(0 5 0 10n 10n 1u 39u)
* End of main circuit
.end
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Figure 10: Response of the circuit.
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The pulse-shaping scheme described so far is
not necessarily a unique solution of pulse shap-
ing. There exist other configurations, such as
the higher order low-pass filter, the delay-line
pulse-shaping scheme, the multi-correlated dis-
crete sampling scheme, and so forth. While each
scheme could achieve a more or less equivalent
performance, the practice for each scheme might
claim specific advantages.

Subject for report (3)

1) Show that the pulse height for the circuit
shown in Fig. 6 should be 293 mV by employ-
ing the parameters described in the correspond-
ing SPICE netlist. At the same time, discuss a
reason why the SPICE simulation shows smaller
value, i.e. about 250 mV, than the analytical
estimation.
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The pulse response for the circuit shown in Fig.
9 is much smaller than that of the circuit shown
in Fig. 6; and some overshoot is observed in Fig.
10, while no obvious overshoot is observed for
Fig.7.

Then adjust the parameters R2a, R3a, R4a and
Rba so as to obtain a compatible result between
the two circuits.

The SPICE netlists for Fig. 6 and Fig. 9
which are compatible with PSpice are attached
on the E-mail; the file names are T004.sim.cir
and TO005.sim.cir.
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