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Summary Open-Loop Current Amplifier Phase Model for the Amplifier Pole Shift (Lowpass Filter) Frequency Limitations (LP)

We investigated high-frequency current amplifier non-ideali- The current amplifier does not have oteminantpole. It This figure shows the poles in the normalizeglane. The The maximum possibleop depends on the component
ties and their effects on all-pole Sallen-Key filter biquads. It can be seen that a model in which the phase lag is linearizedircle is the location of constant frequencies, (= 1), the ~spread and the stopband attenuation:

can be shown thaturrent amplifier non-idealitiesause par- through the points ab = 0 andw = wp results in a better fit  lines are the locations of constant pole qualiy & 4). 1

asitic zeros in the filter transfer functions, and timgose in out of model and “reality” than a one-pole model. Thus Wpmax X .
fundamental limitations on the realizable pole frequency. ( ) o 10- max(m, 1/m) Co -max(, 1/m) R - Asiop
Design equations are given, providing compensation for the _ fd)% - Design: C.R < L. 1

amplifier's port impedances and phase lag, by predistortion er(s)=aipe-e ' - gn: CoR < wp  10-max(m,1/m)-max(,1/n)- Asop

of the component values. It is also shown how design speci- whereg is the pase lag at the filter's pole frequengy: The

fications for a current amplifier can be derived from the filter fi : : : | A
e N Ay o gure below shows theimulatedand theanalytically mod- . ! ; Desian Procedure and Example
specification, minimizing the amplifier's power dissipation. This schematic shows the current amplifier used for the desedtransfer function of the buffefsreen:e \ - / g P

Finally, a design procedure is discussed by the example of gign example (itis also callescond generation current con- P ) | : fp =16.5MHz, gy = 4, Astop =30dB,m=0.6,n=1.
video-frequency lowpass filter biquad. veyor, CCl). The transistor symbols with the “boxed” gates A o (1) blue:C ~ 20- Coyt = 0.96 pF,R = 10.04 K2.
indicate super transistors. We used regulated cascodes in our B N (2) cyan dashecR corrected by (8p): R=8.20k2.

example. The simulated values at 16.5 MHz: (3) cyan:1/R linearly extrapolatedR = 7.81 k2.
. | blue:x =1.0,1.8,3.2,5.6, 10, 18, 32, 56, 100, (4) magenta dashedh corrected by (dp): m = 0.586.
= —1.57,Cout = 0.048 pF.R, = 254Q, ¢ =7.65 i . :
a out PFRin ¢ . red: p = 1.0, 1.8, 3.2, 5.6, 10, 18, 32, 56, 100, (5) red:m linearly extrapolatedm = 0.566.
frequency [Hz] green:p =3,6,9,12,18,21
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! Tenl L Simulated values (BSIM 3v3, 0;6m CMOS process):
! %R/" ?”‘“IC/“} em Fem | Open-Loop vs Closed-Loop Amp :

| | 10t T

P . # fp [MHZ] q Af, Aq,
- } T Parasitic Zeros (Lowpass Filter) ;) P339 208  _10% 26

Lowpass : SERLLEY ) The following figure is the same as above, in a larger scale, (%) 15.83 291 4% -27%
! ™ . \ showing the parasitic zeros for some valuegp @ind. (©)) 16.46 291 ~0%  —27%

C/m | | ) ] T el - . (4 16.40 395 -05% —1.3%

% ! J ' s f 16.40 4.01 —-0.5% ~ 0%
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Analytical treatment

The filter transfer functions can then be calculated using the

buffer model with input resistance, output capacitance and

linear phase lag.

Current-Mode Sallen-Key Filters

| Rn R/n

Bandp 1

Both aBandp 2 and aHighp filter are easily de-
rived by exchanging Rs and Cs in the Bandpass 1 and Low- 1 .
pass filter, respectively. Then, assuming an ideal amplifier, ] 3 0" * Since the analytical phase model is accurate only close to the
pole frequency, it applies neither to higher-frequency poles -
1 1 m2n24+m2 4 () +1) nor to parasitic zeros. Therefore numerator and denominator B
@pis Ooi =lre ™ mn ) @ of the transfer functions must be treated seperately: in the

numeratorg is set to zero. The non-linear function in the red:p=10,18,32,5.6,10.0, 17.8, 316> 00
denominator is approximated by a Taylor series, neglectind?!U€: » as abovex =10, 33,100
the cubic and higher-order terms.
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(28PD . : ‘ = . The amplifier non-idealities shift the poles of e.g. the low- Transfer Functions («=30,,=3...300)
with similar expressions for BP2 and HP. ) pass filter to
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Current Amplifier Model
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These figures show the transfer function and the input and . (4p)
output impedances of and, more importantly, cause one or two zeros (and also, for

blue: A CCll used as a current buffer the BP1, a third pole ab, = —a - @Z/wp):

red: An opamp (AD SSM 2135) connected as a buffer

red dasheddito, open-loop > oy (1 —pam < }) _
Note: the opamp is actually 50 times slower, the red curves %)= ez n(m+1)’ Pt Jeamn) frequency [Hz]

p andk describe the port impedances in relation to the pas':ire scaled in frequency60) and magnitudex(1.57). (CLYT) These plots show the normalized transfer functions of théc'(now'edgements
sive part'sR andC. Note: | < 0 in Sallen-Key filters, Towards the frequency limits, the advantages of the closed- wy = 1 + . (5rp, 58P0 Lowpass, Bandpass Bandpass @andHighpassfilters for ~ We would like to thank D. Lim and M. Helfenstein for their
because the VCVS and CCCS definitions aoedual. loop amplifiers vanish together with the loop gain. RC mn+ ¢ —paim constant and different values of. valuable comments on our work.
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