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Abstract: A low-power, high-frequency CMOS peak detector is proposed. This detector can detect RF signal and

base-band signal peaks. The circuit is designed using SMIC 0. 35um standard CMOS technology. Both theoretical

calculations and post simulations show that the detection error is no more than 2% for various temperatures and

processes when the input amplitude is larger than 400mV. The detection bandwidth is up to 10GHz,and its static

current dissipation is less than 20pA.
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1 Introduction

Peak detectors are widely used in different
circuits and systems, such as AGCs (automatic
gain controls)"’, oscillators™’, and power ampli-
fiers® . Generally,a peak detector uses a diode as
its detection component,and its accuracy is limit-
ed by the uncertainty in the turn-on characteristic
of the diode. This problem can be overcome by
adding an operational amplifier, but the opera-
tional amplifier must consume extremely large
current in order to operate at high frequencies.
Meyer'"' reported a low-power high-frequency bi-
polar peak detector. However,it can only be used
for RF signal peak detection. In this paper,a low-
power high-frequency CMOS peak detector, which
can detect both RF signal and base-band signal
peaks, is proposed. It is designed using SMIC
0. 35ym standard CMOS technology. Both theoret-
ical calculations and post simulations show that it
operates at frequencies up to 10GHz,and the de-
tection error is less than 2% when the input am-
plitude is larger than 400mV.

2 Detection principle

Figure 1 shows a schematic of the proposed
peak detector. The input MOS transistor M1 acts
as a nonlinear rectifying element. If the ratio of
Is to C is small enough,the voltage at node S will
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follow the peak of the input signal. Unfortunate-
ly,there is an inherent voltage drop Vs that is
dependent on process and temperature. The MOS
transistor M2 is introduced to compensate this
voltage drop so that the output voltage can detect
the input peak accurately. In order to eliminate
the effect of channel length modulation of M1
and M2, an operational amplifier composed of
MA1~MA4 is added.
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Fig.1 Schematic of the proposed peak detector with
detailed bias circuit

Transistors M1 and M2 equally share the tail
current /5. Because the tail current is small, both
of them operate in the subthreshold region. With
the addition of the operational amplifier, M1 and
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M?2 have the same drain-source voltage;therefore,
their source currents can be given by

I, = Iy X (%)1 Xexp[( Vasi — VTI)/(nUT)] X

[1 —CXp(— VDS/UT)] (l)
and
w
I, = Iy X (f) XGXP[(VGSZ_ VTZ)/<nUT)]X
[1 - eXp(— VDS/UT)] (2)

where (W/L), and (W/L), are the aspect ratios
of M1 and M2, respectively, Iy is a process pa-
rameter, n is the slope factor,which is about 1. 58
in the technology we used,and U is the thermal
voltage given by
_ kT
q
According to Kirchhoff’s current law, the av-
erage current of M1 equals Is-1,. Therefore
Iy— 1, = iTJO' I, (dr 4
where T is the period of the input signal. We as-
sume that the input voltage has the form of

Ur 3

Vs = Vg + A X sin(z%t) 5)

Combining Eqgs. (1) ~(5) yields
(W/L), }
(W/L),

. A
Joexp[nUTsm(err)Jdr} 6)
The integral in Eq. (6) can be approximated for a
large input amplitude as"*’

Vo = Vi + nUy X ln[

nU+ X In

! A . nU; A
Joexp[nUTsm(an)]dr ~\ 2.4 X exp(nUT>
(D
From Eqgs. (6) and (7), we can derive that the

output voltage is
 [2nA ]
nU

&

The DC component of the input signal is re-

served; therefore, the proposed peak detector can

be used to detect base-band signal and RF signal
peaks.

As shown in Eq. (8), the output voltage has

an error term dependent on the input amplitude;

(W/L),
(W/L),

Vo = VB+A—nUT><ln[

as a result,it is difficult to cancel the detection er-
ror for different input amplitudes. Fortunately,an
accurate peak can be obtained for a specified in-
put amplitude by setting

(W/L), _ [2zA ()
(W/L). N nUs;

3 Detection error

Because both U; and n are temperature de-
pendent, it is reasonable to determine the device
dimension according to

(W/L), _ 2mA
(W/L), Nn Un (10)

where n, and Uy, are the slope factor and thermal

voltage at room temperature, respectively. Substi-
tuting Eq. (10) into Eq. (8) and neglecting the in-
put bias voltage Vi for the sake of simplicity,the
output voltage can be rewritten as

Vo = A+ MUr [ln( Uy >+ 1n<£)} an

2 UT() 0
The temperature coefficient of the detected peak
is given by
1 3 nUT UT
= — X — = —+
TCT) = X 57Vo (D) ZTVO[l In Uvm”
12>

The detection result will undergo a change of
8mV when the temperature varies from —40C to
85C.

Furthermore, the detection result is affected
by process parameters since the slope factor is
process dependent. Fortunately, because the slope
factor is relatively stable in a given process->*!,its
effect on the detected peak is negligible.

The detection error formed by the DC offset
voltage of M1 and M2 is given by
Avos (13)
VWL
where Avyes 1S a constant. Assuming Avyes equals
10mV/um,the detection error is about 2. 2mV in

Error =

this design.

A bias current mismatch of M1 and M2 also
results in detection error.If I, = I(1—¢) and I, =
I(1+¢),we can approximate the detection error
as

Error(§) = 26nUr (14)
Assuming the current mismatch is 1% . the detec-
tion error is about 0. 8mV.

4 Detection bandwidth

The 3dB bandwidth of the proposed peak de-
tector is given by
9

where Ry is the square resistance of the poly-
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gate,which is less than 10Q/square in the technol-
ogy we used. C,, equals 5fF/ym2.

Assuming that the channel width of the input
transistor is 10pm, the detection bandwidth is cal-
culated up to 180GHz. The detection bandwidth
has no relationship with the transconductance of
the input transistor. Therefore, we can obtain
large bandwidth with low power dissipation. The
gate-distributed resistance of a large input device
can be diminished by folding.

5 Post simulation results

The proposed peak detector is designed using
SMIC 0. 35m standard CMOS technology. The
dimension ratio of M1 to M2 is set to 8 according
to Eq. (10). In order to diminish the gate-distribu-
ted resistance, both M1 and M2 are broken into
several parallel transistors with a channel length
of 10um. Figure 2 shows the layout of the pro-
posed peak detector. The distributed parasitic ca-
pacitors and resistors are extracted by Mentor
Calibre.

Fig.2 Layout of the proposed peak detector

Figure 3 shows the post simulation results for
TT,SS,and FF process corners, where the calcula-
tion result is also plotted. These process corners
are provided by the foundry. In SMIC 0.35um
technology,the gate oxide thickness increases by
17% ,the threshold voltage increases by 6%, and
some other parameters such as junction capacitors
also increase in the SS process corner. On the con-
trary, the process parameters decrease in the FF
process corner. The simulation results are nearly
in accordance with the theoretical analysis.

Figure 4 shows the post simulation results of
the detection error versus temperature at the TT,
SS, and FF corners with an input amplitude of
400mV. It is clear that the detection error is main-
ly caused by temperature instead of process devia-
tion, as predicted in the preceding analysis. The
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Fig.3 Detected peak versus input amplitude

post simulation result of the normalized detected
peak versus frequency for a 400mV input signal at

the TT process corner at 27C is plotted in Fig.5.
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Fig.4 Detection error versus temperature
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Fig. 5 Normalized detected peak versus input fre-
quency

6 Conclusion

A low-power high-frequency CMOS peak de-
tector is proposed in this paper. The detector is
designed using SMIC 0.35pm standard CMOS
technology. Both theoretical analysis and post
simulations show that the detection error is no
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