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1.0 Overview 

The preamplifier/shaper IC for the GEM Interpolating Pad Chamber (IPC) must am-
. plify the charge signal from the pad cathodes into a voltage pulse which goes to the 

Analog Random Access Memory (ARAM) chip. The objectives of the preamp/shaper 
. are: 

1. Achieve a noise of less than 2000 r.m.s. electrons equivalent noise charge (ENC) 
[1000 desirable]. 

2. Voltage output: semiGaussian pulse with peaking time around 30 nsec .. 

3. Charge-to-voltage gain of about 10. 

4. Linear response up to 150 fC input charge. , 

s. Survive 2 Mrad ionizing and 2• 1014 n/cm2 radiation dose over several years of op
eration at the SSC. 

During 1992 several prototype ICs were fabricated through MOSIS to address goals 1-
4 above. We now seek to assess the feasibility of meeting objective (5) with the Harris 
AVLSI-RA process. 

2.0 Preamplifier (Fig. 1) 

The preamp was adapted from a design done in the MOSIS 2 µm nwell CMOS pro
cess. A large (10,000/2 µm) input n-MOSFET is used to achieve the noise specifica
tion. The circuit is a folded cascade integrating (charge-sensitive) configuration with 1 
pF MIM feedback capacitor and 400/2 source follower M3 within the feedback loop. 
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A long channel MOSFET MS biased in the triode region provides a discharge ~ath for 
the integrated charge with a time constant that can be adjusted from around 10" - lo-s 
sec. 

The simulated behavior of the preamp is shown in the table below: 

Input device Ml 
Ml bias current 
FeedbackC 
Feedback "R" 

Noise at Cin=35 pF 
Risetime (10 - 90%) 
Input impedance 

3.0 Shaper 

10000/2 µm NMOS 
4mA 
lpF 

3/160µm PMOS, Req - 2Mn at VG..OV 
1480 r.m.s. e · with ideal 25 nsec shaper 
32 nsec 
2300 

The shaper realizes the transfer function 

A0s't 
H(s) - ---~ 

-(l+s't)n+l 

with n=4 and Ao positive. This-has a semiGaussian step response, a pulse like function 
with peaking time of nt. 

The shaper is implemented as a passive differentiator followed by two second-order 
· lowpass stages shown in Fig. 2. The lowpass stages use an OTA with an internal and 
external pole. The loop gain is adjusted so that the two closed-loop poles coincj.de on 
the real axis at s = -1/t1• The Q factor of the stage is set by component geometrical ra
tios, while the natural frequency depends on the ratio of &n of Ml to total capacitance 
at its drain. The pole frequency (and hence peaking time) can be adjusted by changing 
the bias current of the input differential pair, without disruptiiig the semi Gaussian· 
pulse shape •. 

Second-stage noise must be considered when designing the shaper. The major contrib
utors are Rwtr and Rl, Ml, M2, M3, and M4 of the first lowpass section. Reducing the 
transistor noise is accomplished by increasing their W IL ratio and bias currents. Series 
resistor noise can be reduced by choosing lower values for Riii.1f and Rl; however, this 

1. Chanj; ~ and S~sen, W., Low ~ise Wi<le-Band Amplifiers in Bioolar and CMQS 
Techno gies. Kluwer, 1991 pp. 18 188 . 
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requires one to increase Cdiff and to use larger, more power consuming transistors 
elsewhere to drive the lower on-chip impedances. The present design is thus a compro
mise between noise and power/area: 

The dynamic range of this stage is limited by the need to keep the output transistors 
M6 and MS saturated. 

4.0 Other Circuit Components 

4.1 Output Source Follower. 

A 200/2 µm PMOS source follower reduces the output impedance to about 3750, 
which is adequate for driving small off-chip capacitive loads. (Fig. 3). 

4.2 calibration clrcuft 

For calibration, it is desirable to inject a uniform, known quantity of charge into each 
channel. The circuit of Fig. 4 has an injection capacitor whose top plate is connected to 
the preamp inpuL The bottom plate is connected to an external pulse input, or to 
ground by the action of a pair of NMOS switches M5 and M6. 

· 4.3 Blas clrcufts 

Cum:nt mi1l'ors control the bias currents of each subcin:uiL Fig. 5 shows the mirrors 
which control the preamp input and cascode branch currents. In Fig. 6 the bias circuits 
for the shai)er and follower are shown. Preamp and shaper bias cum:nts are supplied 
through external pins, while the follower cum:nt is set by an on-chip resistor. · 

4A uo.Pads 

· Standard Harris bond pads were used. These incorporate grounded-gate FETs for ESD 
protection. No series resistors are used. · 

5.0 Simulation results 

A full channel consisting of input pad, calibration cell, preamp, shaper, follower, and 
output bon4 pad was simulated. The Magic layout editor provided the layout parasit
ics. TransistOr model parameters were supplied by Harris to represent typical, best, 
and worst case process runs before and after exposure to lMrad of ionizing radiation. 
The model parameters, in Cadence Spice Level 5 format, were converted to HSpice 
Level 3 formaL For all simulations Cm=35pF, Cload=lOpF, and the typical case, pre-ra
diation ~odel was used except where noted. 
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5.1 Preamp transient response· Fig. 7 

Fig. 7 shows the response of the preamp to charge impulses of 30 • 150 fC. The 35 
nsec risetime, gain of lm V/fC; and slow falltime controlled by feedback transistor M8 
can be clearly seen. 

5.2 Peaking time and gain variation • Fig. 8 

Fig. 8 shows the response of the full channel to a charge impulse of 30 fC and illus
trates how the peaking time can be controlled by changing the shaper bias current. A 
peaking time adjustment range of about 15 nsec is possible. Pulse shape is practically · 
constant with a change of the time and amplitude scales. For nominal bias, the gain is 
11.3 mV/fC. 

5.3 Dynamic range and calibration swhch • Fig. 9 

In Fig. 9, a series of positive and negative charge impulses of increasing amplitude is 
injected through the calibration capacitor. Linear response from about -100to+150 fC 
is observed. The figure also illustrates the action of the calibration cell switch, which 
changes from enabled to disabled at 2 µsec. Subsequent calibration pulses are not in
jected into this channel and no output is produced. The signal at 2.6 µsec is from a 30 
CC charge injected at the cathode. 

SA Effect of capacitive load· Fig. 10 

-Fig. 10 shows the channel responding to a 30 fC signal, for load capacitances from 0 to. c 

.• 50 pF. High capacitance decreases the gain (- 1 o/o/pF) and lengthens the peaking time. 
(- 0.8 ns/pF). 

5.5 Noise performance • Fig. 11 

Noise simulations were done for the full channel including bond pa>b and illput pro
tection devices (3.04 pF), calibration circuit (1 pF), and wiring parasitics (1.65 pF). 
The overall ENC can be fit to the expression 

ENC= 1208 e· + 23.l (e"/pF) •Cm 

Fig. 11 shows the output noise spectrum (dv0 
2/df). The noise is dominated (75%) by 

the input transistor. The other major contributors are the resistor of the high pass cir
cuit, and the feedback resistors and input transistors of the first shaper stage. 

5.6 Effect of process variations and radiation • Fig. 12 

Fig. 12 shows the output of the preamp and shaper for the typical, best, and worst case 
pre-radiation process files, and for the typical post-radiation process file. The simulat~ 
ed noise behavior for each of these 4 cases is shown in the table below: 
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PRQCfSS Fll.,!i EN~!Jn-35nF QAIN WORMALTZF.n) 
TYP- PRE-RAD 1890 1 
BEST- PRE-RAD 1892 1.39 
WORST- PRE-RAD 2279 0.39 
TYP- POST-RAD 1926 0.95 

6.0 Chip layout 

Nine channels of preamp/shaper are included in the chip. Channels 0-4 and 5-8 are 
separately biased to allow lower power during testing. Channel 0 has the connections 
between preamp, shaper, and follower stages brought out to external pads for separate 
testing. Channel 1-4 have only preamp and shaper. Four test transistors are also includ
ed on the die. Area of one full channel is 299 x 1276 J.Ull· Chip size is pad-limited at 
4.74 x 3.78 mm, and is designed to match the width dimension of the ARAM. 

The layout of the preamp/shaper is shown in Fig. 13 with pin assignments. 
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