Design of a LF-HF Active Antenna in CMOS18 technology

Radio astronomy antenna for space applications Antenna length:

10kHz ... 30MHz
Power 10kHz :100n
supply 100KHz :10n
Active Supply[ XXX IMHz  +5n
Antenna Interface 30MHz : 5n
SMA SMA Antenna
T SDR 0dBm in 500hm
SMA SMA

Long 500hm cable in ground applications only 0dB

E-field antenna-referred noise:

Output 1dB compression level:

Antenna gain (-3dB: 10kHz-30MHz)

max 0.5m (c) 2021 Anton Montagne
anton@montagne.nl
https://www.analog-electronics.eu
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Features

ESD discharge protected
Low-power 1.8V CMOS technology
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Amplifier concept CP_{ i 1 E;]

Frequency compensation with input phantom zero and pole-splitting in output stage.
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Bandwidth much larger than required:
- High-frequency, out-of-band interference contributes to IM distortion
- Bandwidth limitation with input phantom zero is a powerful decrease the susceptibility for high-frequency interference:
1. Input phantom zero at band edge attenuates out-of-band, high-frequency interference
- Distortion is reduced as a result smaller signal excursions
2. Phantom zero increases the high-frequency loop gain:
- Distortion is reduced as a result of an increased loop gain
Bandwidth limitation with phantom zeros
2 A phantom-zero is a zero in the loop gain that coincides with a pole in the asymptotic gain A Afoo _L(M)
(o le) As a consequence, it is not observable in the gain M T—L(1+57phs)
If we limit the bandwidth of the amplifier with a phantom zero, the bandwidth limitation is observable P
What do we observe?
_ _ _ 1 _ .
Example Cy Cr=0 n=0,p= 2rR;(CatCr) 53kHz phantom zero changes the
X _"_ =0 characteristic equation
Transimpedance
R A=-10-10° Sum of the poles much If the loop gain is large at the
_:l_f - smaller than sqrt(2) times
. . frequency of the zero,
R, =10-10% the achievable MFM
f= bandwidth a pole moves towards the
+ + + - hantom zero in the | in
C, =300-10""2 phantom zero e loop ga
c, Vi 'V, Vout ) Cr = V2B;+pitps _ 67pF ) This pole sets the bandwidth
Loop gain reference: E1 f 2rB2R b. <«— Phantom zero compensation PSRN
- - - s limitation
El 100
v, A \ Root locus of amplifier with reduced bandwidth Magnitude of the gain
V: T s(I+stm2) 108 2008 Beros Sain 10t
& poles servo, 0e+00
+poles servo, 0e+07
. = 10?2 . + poles servo, 0e+00 ... -1.0e+07
Result of phantom zero compensation g Bandwidth }
) . = limitation with s ;
Compensation capacitance reduces g 1 hantom zero T /\ g B t
the product of the poles (300pf , 67pF) £ o p s \ : £
- £ / £102 )
Minor adjustment required o ju:c;y‘::glm Large loop gain -
et at frequency of
107 - 1ot the zero - 10t N
frequency [MHz]
ifi = - = = = 1072 107t o 10t
Root locus of compensated ampyfer Phase of the transfers of the asymptotic gain model 1. One p0|.e of the s o0 %Z [kHz] o o frequency [MHz]
—asymetotic loop gain
:s"e"rega‘" a ppOaCheS zero Root locus of amplifier with reduced bandwidth versus Cr Phase of the gain
\ o dliect A A X poles servo, s [
2.Zero is ineffective 200 *holes servo. T6e10)
= xpoles }oupqaln \ = )(/_>== because it
i Sleros loopgan iy H introduces a pole / ”5
E poles ... -1.0e+07 2 — il
/ H at the same 3 ! g
- / frequency £ \ - \
- 25
T ) o o o -
frequency [MHz] T
. .. X o -500 -400 -300 -200 00 1072 107t 100 10t
DualStageMirrorBwLimitl.py 2nd order bandwidth limitation 30MHz Re [khz] frequency [MHz]
L and C: two ph.antom zeros o d8 magnitude Phase
R creates damping (real part) + i
VAR 8 ]
w2
}—NY\_{:}—| L Wi t-1um-08m E i
w o el - L% 3 g
ez ©n = LQ%, " 2. ]
e avosise wosion s £
B -
L: contribution of R: Increase of noise floor i " i - -
gate-induced noise and contribution of ® ‘ ’
increases with gate-induced noise 10° 107 10° g 10 10° 107 100 g 1o
frequency (which itself increases R 5000 frequency [Hz) requency [Hz]
(which itself increases with frequency) 4 = 1500
with frequency) Ly =5.6uH
DualStageMirrorBwLimit2.py 1st order Bandwidth limitation 100MHz
L and C: two phantom zeros
R creates damping (real part)
and zero in ideal gain. . dB magnitude Phase
Less effective bandwidth —gain —gain
limitation
L
Y N I -
—u N cmos1sen
it &S cMos1eN [ W_N=50u L_N=180n ID_N=1m W_P=175u L_P=180n ID_P=-1m g _
v . - W=1m L=1u ID=0.8m %7 5
value=0 ©n ®ar Le% w L - 3 \ h
de=0 5 2
donr=0 wesoy Letson -08m (—] [ R B \
roise=0 R: No increase of noise floor \
L and R: Lower contribution + + =
of gate-induced noise R3 R4 b 18 -
Ry = 2000 ® ®
9 ; 9 0 m 9 g 9 9 m
Ly =2uH B B freque]n(y [Hz) B B : frequsln(y [Hz) B



