Monolithic Preamplifiers for Low-Capacitance Detectors

when an FET is not an FET
when a resistor is not a resistor
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OUTLINE:
» Capacitive matching of detector and input transistor
* Design of DC feedback circuit
* Results on CMOS preamplifiers
 Results on Bipolar preamplifiers
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Capacitive match

1. Constant current density (discrete FETS)
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Series Noise Matching

Detector Preamp
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Minimum current for S.I. capacitive match
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Capacitive match -- Example

0.5um NMOS input device

Cp=10pF H=0.2mA

Conventional /3 match gives W = 1543m.
On=5mS

Cys+ Cp =13.3 pF

Sizing device to W.I. - S.I. border gives W = p&i
On=5mS
Cyst+ Cp = 10.6 pF
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Parallel Noise Management
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DC feedback
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DC Feedback
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1 ! DC feedback
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Resistor parasitic capacitance

For implanted resistor in MAXIM process, parasitic resistance is 1.fF/k

2 _ _4KT
" ReZ.} — AN

Real part of impedance of a shorted diffusive line

6 T ram)

T
7

1. 10

5 1 .
. 10 uy \ R=50 KQ/section

] il i C=0.65 pF/section

. 10 S 250 kQ, 500K, 1MQ

(6]

LN

.5
.10

N
. 1o4 M ™

[§4]

Kels llne, snorrea
[

4 ] )

N

. 10

4 1"‘ :
- 10 il ! i

oy

3 4 5 6 7 8 9
1. 10 1. 10 1. 10 1. A0 1. 10 1. 10 1. 10

ENC contribution of the diffusive feedback line
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R=250K, Ctot=0.32pF
H(s)=1/(1+s tau)* tau=12 ns tpeak=30 ns
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Adaptive Pole-Zero Cancellation

CF
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CF R(M2) = C1 R(M3)

V(M2) = Vg(M3)
VS(M2) = Vs(M3)
Vp(M2) = Vp(M3)
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MOS Resistor

Behavior with lleak = O:

Strong inversion (S.1.)

Weak inversion (W.1.)
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Bias circuit for MOS feedback resistor
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MOS Resistor in Stong Inversion:
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MOS Resistor in Weak Inversion
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Low-capacitance preamplifiers compared

Binolar CMOS CMOS
P “Tracker” “X-ray”
MAXIM AMS
SH-Pi HP 1.2am | HP 1.2um 1.2um
Input device| npn NMOS | PMOS PMOS
250/1.2 100/1.2 82/1.2
Current UA 400 pA 1.2 mA 1.2 mA
gm 0.17mS 3.5mS 2.1 mS 1.9mS
Cin 400 fF 190 fF 130 fF
Intended G | 0.8 pF 0.8 pF 0.1 pF 0.1 pF
Feedback Implanted PMOS PMOS PMOS
Resistor | 3/20pm | 3/3um 3/3um
RF 250 KQ 6 MQ 280 MQ | 1GQ
Parasitic C | 0.32 pF 0.10 pF 0.016 fR 0.016 f
CF 100 fF 100 fF 15 fF 15 fF
Shaper 50 ns 50 ns 1-20ps |1-20pus
internal internal external | external
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