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Abstract  — In this paper, we present a novel wide-band 

envelope detector comprising a fully-differential operational 
transconductance amplifier (OTA), a full-wave rectifier and 
a peak detector. To enhance the frequency performance of 
the envelop detector, we utilize a gyrator-C active inductor 
load in the OTA for wider bandwidth. Additionally, it is 
shown that the high-speed rectifier of the envelope detector 
requires high bias current instead of the sub-threshold bias 
condition. The experimental results show that the proposed 
envelope detector can work from 100-Hz to 1.6-GHz with an 
input dynamic range of 50-dB at 100-Hz and 40-dB at 1.6-
GHz, respectively. The envelope detector was fabricated on 
the TSMC 0.18-um CMOS process with an active area of 
0.652 mm2. 

3BIndex Terms  — Envelope detector, Peak detector, OTA, 
Rectifier, Gyrator-C active inductor, Wide-band. 

I. INTRODUCTION 

The envelope detector is extensively applied in the 
control and energy estimation systems [1]-[3] to track the 
amplitude of input signals. Recently, many systems 
require envelope detectors capable of treating with high 
frequency input signals, such as embedded RFIC test 
bench [4], AM/ASK receiver and so on. For this reason, 
this work is dedicated to realize a high-frequency and 
wide-band envelope detector.  

The operation frequency of the conventional envelope 
detector with op-amp feedback loop is limited by the gain-
bandwidth product of the op-amp. This problem can be 
alleviated by the OTA-rectifier-peak-detector open loop 
structure as shown in fig.1 [1]. Several envelope detectors 
based on this configuration have been developed. 
Benefited from wide linear transconductor, envelope 
detectors [2] [5] enjoy low power and wide input dynamic 
range. However, these techniques essentially do not 
improve the frequency characteristic. The envelope 
detector proposed in [6] focuses on the trade-off between 
the keeping and tracking of input signal. Nevertheless, the 
low-speed circuits included in the envelope detector limit 
the operation frequency lower than a few hundred MHz. 

To further overcome this limitation, the envelop 
detector proposed in this study employs the gyrator-C 
active inductor load in the OTA to introduce a zero in the 
transfer function. Because the zero can compensate the 
decline of transfer characteristics at the dominant pole, the  

 

 
bandwidth of the OTA is widened. Besides, adopting high 
bias current in the rectifier improves the operation speed 
of transistors and hence enhances the frequency 
performance. 

II. TUNABLE WIDE-BAND OTA 

Fig.2 shows the first stage of the proposed envelop 
detector, a fully-differential cascode OTA. M4a,b, M6a,b-
M8a,b, M5a,b, Rw and I0 constitute gyrator-C active inductor 
load [7].  The two-port gyrator is mainly formed by the 
back-to-back connected common-source (CS) amplifier, 
made up of M4a,b and M6a,b-M8a,b, and  common-drain (CD) 
amplifier, made up  of M5a,b and I0. One port of the gyrator 
is connected to the gate-source capacitor of M5a,b, hence 
the other port of the gyrator, the gate of M4a,b, exhibits an 
inductive impedance. To minimize the number of 
transistors, M4a,b and M6a,b-M8a,b are reused as a cascode 
current mirror. Moreover, the linear range of the OTA is 
widened through the source degeneration resistor Rg.  

Fig. 2. Schematic diagram of the cascode OTA circuit. 

 
Fig. 1. Envelope detector with OTA-rectifier-peak-detector 
open loop. 

978-1-4244-1808-4/978-1-4244-1809-1/08/$25.00 © 2008 IEEE 2008 IEEE Radio Frequency Integrated Circuits Symposium

RMO3B-5

219



 
The variable resistors Rw and Rg are implemented by 

triode-region PMOS and NMOS transistors, respectively. 
They can be adjusted by corresponding voltages Vw and Vg. 

Fig.3 shows the small-signal equivalent circuit of the 
OTA, where the gyrator-C active inductor is modeled as a 
passive RLC ladder network. Straightforward circuit 
analysis gives the expressions of L, Cp, Rp and Rs :  
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The gmi, gdsi, and Cgsi represent the transconductance, 
output conductance and gate-source capacitance of 
corresponding transistors, respectively. Then we can 
obtain the transfer function of the transconductance Gm(s): 
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where R'p = Rp||1/gds3||1/gm3; C'p = Cp + Cgs3; RL and CL are 
resistance and capacitance loads, respectively. Obviously, 
except for the pole ωp,l produced by the output node 
capacitance, the gyrator-C active inductor load contributes 
a self-resonant frequency point ωp,s and a zero point ωz. 
The ωp,l, ωp,s and ωz  can be expressed as: 
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Observe that the position of ωp,s and ωz can be tuned by 
Rw. Adjust Vw to make ωz<ωp,l<ωp,s. Fig.4 shows the Bode 
plots of the transfer functions Gm(jω) and G'm(jω), where 
G'm(jω) represents the transfer function of the counterpart 
without active inductor load. For G'm(jω), ωp,g stands for 
the pole point associated with the gate of M3a,b, which is 

 
assumed to be a little larger than the output pole point ωp,l. 
In fig.4, we can see the transfer curve of Gm(jω) ascends at 
ωz by 20dB/dec in advance, as a result, it can successfully 
eliminate the degradation beyond the output pole point ωp,l 
and effectively expand the bandwidth. 

Additionally, from (2), we can see the transconductance 
of the OTA can be tuned by the controllable resistor Rg  
(see Fig.4). 

III. DESIGN OF THE FULL-WAVE RECTIFIER 

Fig.5 shows the full-wave rectifier and peak detector 
circuits. The full-wave rectifier is formed by two half-
wave rectifiers consisting of M1a-M4a and M1b-M4b. Acting 
as a current switch, M4a is initially on the edge of 
conduction. As the input current I+ increases, the voltage 
at node A (VA) is driven up. To maintain the fixed drain 
current of M2a and M3a, the voltages at node B and C (VB 
and VC) significantly decrease. Therefore, M4a is turned off 
and current Iout+ falls to zero. On the contrary, when I+ 
decreases, VB and VC rise while VA drops. Hence M4a turns 
on and Iout+ increases. The output current I_sum flows 
into the peak detector, which comprises a source follower 
M8 and M9, a storage capacitor C, and a feedback path M10 
and M11. Because charging current I1 of the capacitor is 
much larger than the discharging current I2, the output 
voltage Vout will track the peak value of input signal with 
only small variations [6]. 

Ideally, the M4a could be immediately switched on and 
off as the variation of signal I+. Practical, to make M4a 
switch from the off state to conduction and vice versa, VA 
and VC should experience the swing of ∆VA and ∆VC, 
respectively. Therefore, the output current of the rectifier 
will exhibit a delay after the zero crossing of the input 
signal, which can be approximately expressed as: 

A A C C

in

C V C Vt
I

∆ + ∆∆ =  ,                           (6) 

 
Fig.4. Bode plots of transfer functions Gm(jω) and 
G'm(jω). 

Fig. 3. Small-signal equivalent circuit of the OTA. 
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where Iin is the input current value of the rectifier, CA and 
CC are capacitances at the node A and C, respectively. If 
M1a,b-M3a,b are biased at sub-threshold region[6][8], VA and 
VC will dramatically depend on the input current. The 
voltage swings ∆VA and ∆VC reach around 0.4V for 400uA 
input current when M1a,b-M3a,b  have length and width of 
0.18um and 2um, respectively. According to (6), the delay 
exhibits about 2ns as shown in Fig.6 (a). As the working 
frequency goes up to 200 MHz, the rectifier can not 
generate the proper current waveform, which is seen in 
Fig.6 (b). 

To resolve this situation, the node capacitance can be 
decreased by scaling down the sizes of M1a,b-M4a,b. 
Nevertheless, a more effective way is to reduce voltage 
swings ∆VA and ∆VC. To achieve this, we can increase the 
bias current of M1a,b-M3a,b to enhance their 
transconductance. Meanwhile, in order to keep M4a,b in the 
sub-threshold region, we should reduce the Vbias2 of OTA 
to produce an initial input current slightly smaller than the 
bias current of M1a,b. Consequently, the rectifier with high 
bias current can reduce its delay by a factor of 10 as 
shown in Fig.6 (a), which enables the rectifier to work up 
to GHz. In this condition, M1a can hardly be fully turned 
off when input current I+ decreases. Therefore, the output 
current will be smaller than the input current. However, 
we can increase the transconductance of the OTA in Fig.2 
to compensate this current deviation. 

IV. EXPERIMENTAL RESULT 

The proposed envelope detector was fabricated on 
TSMC 0.18-um CMOS process. This circuit dissipates 
6.3mW with a 1.8-V power supply. Fig.7 shows the chip 
microphotograph with an active area of 0.652 mm2.  

The envelope detector was evaluated using the 
amplitude modulation signal with a sine-wave carrier and 
square-wave baseband signal. Fig.8 represents measured 
input and output voltage waveforms for the input signal 

 

 
Fig.7. Chip microphotograph of proposed envelope detector. 
 
with 257.5 mV amplitude (Ampl), 500 MHz carrier (fcarrier) 
and 5 KHz base-band signal (fmod). We can see that the 
output voltage exhibits as a 5 KHz, 257.6 mV square wave, 
successfully tracking the envelope of input signal. 

We also checked the input dynamic range over which 
the envelope detector provides proportional and linear 
information of the input signal envelope. Fig.9 shows 
measured transfer characteristics of the envelope detector 
when fcarrier was set to 100 MHz, 500 MHz, 1 GHz and 1.6 
GHz, respectively. Accordingly, the envelope detector 
achieved an input dynamic range of 50 dB, 47 dB, 44.2 dB 
and 40 dB, respectively.  
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Fig.6. Output current waveform diagram for the rectifier: 
(a) 20 MHz; (b) 200 MHz. 

Fig.5. Schematic diagram of the full-wave rectifier and 
peak detector  circuits. 
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Fig.8. Experimental input and output voltage waveforms on 
an oscilloscope when Ampl = 257.5 mV , fcarrier = 500 MHz and 
fmod = 5 KHz. 
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Fig.9. Measured transfer characteristics of the proposed 
envelope detector when fcarrier = 100 MHz, 500 MHz, 1 GHz, and 
1.6 GHz, respectively. 
 

TABLE I 
PERFORMANCE SUMMARY AND COMPARISON  

 This work Ref.[5] Ref.[6] 
Technology 0.18-um 

CMOS 
0.15-um 
CMOS 

0.35-um 
AMS 

Frequency 
Range 

100 Hz ~ 
1.6 GHz 

100Hz ~ 
10 KHz  

Up to  
0.1 GHz  

Input Dynamic 
Range 

40 dB 
@1.6 GHz 

75 dB 
@10 KHz 

Up to 0.3 V 
@0.1 GHz 

Power 6.3 mW  2.8 uW 1.98 mW 
 
Table I summarizes the detailed performance of the 

proposed envelop detector and compares them with that of 
representative previous works [5] [6]. Obviously, the 
proposed envelope detector obtained significant frequency 
performance improvement with a slightly higher power 
consumption than the similar circuit in [6], due to the 
increased bias current of the rectifier. 

V. CONCLUSIONS 

A wide-band envelop detector consisting of a fully-

differential OTA, a full-wave rectifier and a peak detector, 
has been proposed. Compared with the previous works, 
the operation frequency of the envelop detector has been 
significantly improved by employing gyrator-C active 
inductor load in the OTA and applying high bias current 
for the rectifier. The proposed envelop detector was 
simulated and fabricated with TSMC 0.18-um CMOS 
process. Experimental results show that it can work from 
100 Hz to 1.6 GHz with the input dynamic range from 50 
dB to 40 dB, respectively. This proposed envelope 
detector enables applications which demand high 
frequency and wide bandwidth, such as the embedded 
RFIC test, receiver frond-ends and so on. 
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