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Abstract : A novel method to detect microwave signals power in successive detection logarithmic video amplifier 

(SDLVA) based on single metal-oxide semiconductor field effect transistor (MOSFET) is proposed. This is an 

alternative for the conventional method of rectifying that logarithmic amplifiers are being used to detect a RF signal 

power. A complete design and analysis of circuit functioning in saturation region of MOSFET operation is discussed. 

Simple structure, low power consumption, small chip area, excellent operation in microwave frequencies and low 

temperature variation makes it suitable for on-chip microwave signal power detecting. Design of detector is performed 

in standard 0.18µm RF TSMC CMOS process. The design layout and post layout simulation results in K band (18-26.5 

GHz) are presented. 
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1. Introduction 

Many of modern electronic applications such as test and 

measurement equipment, military and space technologies 

and advanced physics labs need to the circuit, which is able 

to detect signals power at microwave frequencies with 

acceptable accuracy. 

In special application, detectors are utilized in SDLVA. 

Fig. 1 shows block diagram of a SDLVA. In a concise 

description, this is a logarithmic convertor for compressing 

wide dynamic range RF signals. As seen, it consists of 

number of successive limiting amplifying stages that each 

drives a rectifier (or detector) cell. When the signal passes 

through the successive amplifying stages, the amplified 

signal level gradually will become too large and therefore it 

forces the transistors in saturation region and consequently, 

the amplified signal will be limited at a certain level.  

Once signal amplitude grows sufficiently in one of the 

stages, it could be detected using a rectifier cell as a rippled 

DC current. All of the output currents are summed together 

at the output node called logging (or video) output. A simple 

RC low-pass filter removes the ripple of the summed 

rectified currents and converts them into the voltage, as 

shown in Figure 1.  

Figure 1. SDLVA functional block diagram 

The logging output voltage then is a piecewise linear 

approximation of logarithmic response and is proportional to 

the power of RF input signal, as shown in Figure 2 [1].  

 

 
Figure 2. Piecewise linear approximation of video output by 

summing a rectifiers output in SDLVA 
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Traditional approaches to detect the power of signals, 

which have previously been reported in literature are Tunnel 

and Schottky diode [2-5] and unbalanced source-coupled 

pair as a full-wave rectifier [6-17]. The main drawback of 

the two first ones is that they require high power RF input 

signal due to their low sensitivity. Moreover, the standard 

CMOS process is not specified for the tunnel and Schottky 

contacts and therefore, adding them in any desired location 

on a CMOS-fabricated chip needs a post-CMOS process 

[18]. 

On the other hand, the design of full-wave rectifier is 

complicated and has high power consumption and large on-

chip area compared to the proposed circuit.  

Figure 3. Full-wave rectifier circuit (a conventional method of rectifying 

in SDLVA) 

Figure 3 shows the topology of full-wave rectifier using 

two unbalanced source-coupled pair. The operation of this 

circuit can be described by developing the study of the 

output current of a simple differential pair and then 

unbalancing the arms, either by a voltage offset or by 

unequal device sizes [8, 13].  

In this paper, we introduce a novel method to detect a 

microwave signal power. The post layout simulation results 

along with the circuit's layout are presented. 

The organization of this paper is as followed: section 2 

discusses the principle of operation. The design analysis is 

presented in Section 3. Post-layout simulation results of the 

power detector are given in Section 4. Section 5 concludes 

the paper. 

2. PRINCIPLE of OPERATION 

The idea of using power detector instead of rectifier in 

SDLVA is a novel technique to generate the DC voltage 

proportional to microwave input power. In SDLVA, each 

rectifier cell produces a DC voltage from an AC sinusoidal 

output of its related amplifier. A power detector circuit can 

play the same role also, because it converts RF amplitude 

information into DC or low frequencies.  

The number of useful researches to design a power 

detector circuit can be found in [19-28]. Most important 

specifications, which must be considered in a power detector 

circuit design, are simple robust architecture, minimum area, 

low power consumption and small input parasitic 

capacitance [29]. 

Here, we present a simple topology of a power detector 

suitable for microwave applications. Figure 4 shows the 

proposed power detector circuit configuration. As shown, a 

common drain topology with single MOSFET is used as a 

detector.  

 
Figure 4. Proposed power detector circuit 

The model of small signal silicon MOSFET used to 

analysis is as Figure 5. In this model, MOSFET is assumed 

unilateral, namely 
gdC  (the gate to drain capacitance) is 

neglected and the parasitic capacitances of bulk have been 

ignored to simplicity.  

Cgs

ro
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gmVgs gmbVbs

rg

 
Figure 5. The simplified equivalent of the MOSFET transistor 

Generally, the power detection process is performed in 

three stages: V/I (voltage to current) conversion, RF to DC 

conversion and finally I/V conversion [30-32]. 

In the proposed power detector, MOSFET converts 

voltage to current by the below relationship: 

gmd VGI ∆×=∆                                (1) 

Where 
gV∆  equals to the detector voltage variation over 

the input dynamic range, 
dI∆  is corresponding change in 

MOSFET current and 
mG  is the DC transconductance of 

MOSFET. 

RF to DC conversion here stems from the non-linear 

properties of MOS transistor in saturation region. To achieve 
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higher sensitivity, it is better to keep the MOSFET in 

saturation region and close to the boundary of weak 

inversion. This helps the transistor to turn on immediately 

after receiving the positive cycle of microwave input.  

Intuitively, during the positive cycle, AC current passes 

through the MOSFET. Accordingly, the parasitic capacitance 

at the gate of transistor (
gsC ) is charged to the voltage higher 

than
tV  (the threshold voltage of the MOSFET) and pushes it 

into the saturation region. The load resistor 
LR  then, 

converts current to the voltage. In addition, a load capacitor 

LC  eliminates the ripple of the output voltage (Figure 6(a)).  

During the negative cycle, the current is extracted out of 

MOSFET, hence discharging the gate to source capacitance 

(
gsC ) to the voltage lower than 

tV  and pushing it into the 

cut-off region (Figure 6(b)). This means, the MOSFET has 

just a current during a half of the input cycle and as a result, 

RF to DC conversion occurs. 

 
        (a) 

 
      (b) 

Figure 6. Proposed power detector functioning a) during the positive 

cycle and b) during the negative cycle 

In continuation, the analysis of proposed circuit in 

saturation region of MOSFET operation will be presented 

and the RF to DC conversion will be proved and discussed. 

3. Analysis OF Proposed Circuit 

The drain current in a MOSFET by ignoring the channel 

length modulation parameter ( 0=λ or ∞=or ) and 

considering 0=BSv  (i.e., the body effect coefficient equal to 

zero) is as the following ideal relationship: 

2)( tGSD VvKi −=                              (2) 

 

In (2) GSv , the instantaneous voltage of gate to source, is 

equal to 
gsGS vV +  where 

GSV  is the DC quiescent gate to 

source voltage and just affects on DC offset voltage of video 

output and 
gsv  ,the ac value of gate to source voltage, is 

equal to 
oi vv −  from proposed circuit schematic (Figure 4). 

By considering the above equations and (2):  

            

( )2
tgsGSD VvVKi −+=  

( ) ( )[ ]gstGSgstGS vVVvKVVK −++−= 2
22  

dD iI +=                                      (3) 

Where: 

( )2tGSD VVKI −=
                              

(4) 

And, 

( )[ ]gstGSgsd vVVvKi −+= 2
2                        (5) 

 

From (3), the drain current of the detector is composed 

of the two parts that one (i.e. ��),  originates from biasing 

voltage by which an offset voltage in output is created and 

the other (i.e. ��), results from microwave input power at 

the gate of the MOS transistor. 

Substituting the 
oigs vvv −=  and 

outd ii =  into (5) gives: 

( ) ( )( )[ ]oitGSoiout vvVVvvKi −−+−= 2
2                (6) 

At the last stage, current to voltage conversion is done 

using the load resistor ( LR ) by the following equation: 

outLo iRv .=                                    (7) 

 

A capacitor is paralleled to the load resistor to attenuate 

the ripples of video output of proposed circuit. The 

corresponding equation for the output voltage by replacing 

(6) into (7) is: 

( ) ( )( )[ ]tGSoioiLo VVvvvvKRv −−+−= 2
2              (8) 

 

Based on a small signal equivalent circuit of MOS 

transistor in Fig. 5, the voltage gain of a common drain 

derivates from a following equation [33]: 
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1z and
1p  are the Zero and Pole of the gain function 

respectively and are presented as below: 
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With: 
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Now by considering: 
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We have: 

( ) ioi vGvv −=− 1                              (14) 

Substituting (14) in (8), the output voltage of the detector 

in saturation region is now determined in term of the input 

microwave signal as following: 

( ) ( )( )[ ]itGSiLo vGVVGvKRv −−+−= 121
22           (15) 

It can be derived from above equation that if the second 

term is much smaller than the first, the 
ov  will be 

proportional to the power of input signal. In other word, the 

output voltage of power detector is approximately linear 

function of input power if: 

( ) ( )( ) itGSi vGVVGv −−>>− 121
22                 (16) 

or 

( ) ( )GVVv tGSi −−>> 12                        (17) 

This condition ensures that RF to DC conversion is 

achieved in a restricted range of microwave input power. 

Also, by approaching the gain to zero (i.e., 0→G ), the 

sensitivity closes to its limitation that is ( )tGS VV −2 . It is 

evidence that the lower overdrive voltage results in the 

lower detectable power signal and higher sensitivity. 

4. POST LAYOUT SIMULATION RESULTS 

Figure 7 is the layout of presented power detector. It has 

been designed in a standard 0.18µm RF TSMC CMOS 

technology with the active area of 0.075×0.08
2mm . The 

static power consumption of the power detector is about 

1.3mW with a 1.8-V supply voltage.  

 
Figure 7. Layout of proposed power detector 

Figure 8(a) depicts the transient response of the power 

detector. The RF to DC conversion is evidence from this 

figure. It clearly shows the DC voltage levels correspond to 

each input power. Figure 8(b) shows the same response for a 

larger load capacitor value (
LC ). As shown, a larger 

LC  

results in a lower ripple in DC output. 

 
(a) 

 
 (b)  

 Figure 8. Transient response of proposed power detector for 

a) fFCL 105=  and b) pFCL 1≈  

Figure 9 shows the power detector response at two 

different frequencies at the edges of K band and the fitted 

line that indicates accurately the linear behavior of the 

detector in the dynamic range of 13 dB from -11 to 2dBm. 

This indicates that the detector’s response varies with the 

input signal level proportionally and the two curve follow 

each other very closely. The slope of power detector 

response is 9.2
dB

mV . 

 
Figure 9. Power detector response over the dynamic range 
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Figure 10 illustrates the error of DC output as a function 

of input power over the dynamic range. This figure shows 

the error is less than ±0.5 dB from -11 to 2 dBm (Fig 10(a)) 

and ±1dB from -13.5 to 4 dBm (Fig 10(b)). 

 

 

 
(a) 

 
 (b) 

Figure 10. Error function of the designed power detector:    

a) over -11 to 2 dBm input power and b) over -13.5 to 4 dBm input 

power at 18GHz and 26.5GHz 

The low variations of the proposed power detector over 

the entire operating temperature (-10 to 50 centigrade degree) 

can be seen from Fig. 11.  

 
Figure 11. Response of the proposed power detector over the 

operating temperatures (-10°C, +20°C and +50°C) 

 

Table 1 summarizes the post layout simulation results of 

this paper compared to the other previous work. As shown, 

the designed power detector has an enhanced chip area and 

very low power consumption compared to the other work 

referred in table1. 
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Table 1. Comparison of the post layout results of proposed power detector and previous works  

Ref. Technology 
Frequency 

Range 

Input 

Dynamic Range 
Error 

Power 

Consumption 
Chip Area 

[6] 
0.18µm 

CMOS 

From DC to 

8GHz 
40 dB ±1dB 

Less than 70 

mW 
1.4×0.7 2mm  

[7] 
0.18 µm 

CMOS 

900 MHz 

to 

1800 MHz 

39 dB 

to 

29 dB 

 

±1dB 

 

16 mW 

 

1.02×0.47 
2mm  

[19] 

 

0.25 µm 

BiCMOSSiGe 

Up to 6 GHz 45 dB - 17 mW - 

[21] 
0.13 µm 

CMOS 

125 MHz 

to 

8.5 GHz 

20 dB 

to 

18 dB 

 

±0.5dB 

 

0.18 mW 

 

- 

[23] 
0.18 µm 

CMOS 
3 to 10 GHz 40 dB ±3dB 

Less than 8 

mW 
0.25 2mm  

This work 
0.18 µm 

CMOS 

18 to 26.5 

GHz 

13 dB 

17.5 dB 

±0.5dB 

±1dB 
1.3 mW 

0.075×0.08
2mm  

 

 

 
 

5. CONCLUSION 

An idea of utilizing a power detector instead of rectifier 

to detect the signal power of amplifiers in SDLVA is 

innovative. Moreover, the designed power detector itself is 

totally a new configuration. This novel cost-effective power 

detector occupies smaller chip size and consumes very low 

power, because it utilizes only one transistor compared to 

the previously method of full-wave rectifying which needs 

at least eight transistors. The sensitivity of the offered 

power detector might not seem so outstanding at first 

glance. However, it is sufficient for acceptable operation in 

SDLVA circuit because very low power signals are 

amplified successively and finally will be detected at the 

ending stages. Moreover, the sensitivity of this power 

detector is adjustable by choosing a proper overdrive 

voltage. The simplicity is most advantageous feature of this 

circuit. Dynamic range of the proposed circuit is about 

17.5dBm with the ±1dB error and 13dBm with the ±0.5dB 

error. The total static power consumption is about 1.3mW 

and a total chip area is 0.075×0.08 2mm . 

REFERENCES 

[1] Hughes, R. S. (1986).Logarithmic Amplification. 

Artech House. 

 

[2] Oki, A. K., Kim, M. E., Gorman, G. M., &Camou, J. B.  

(1988). High-Performance GaAsHeterojunction 

Bipolar Transistor Logarithmic IF Amplifier. IEEE  

Microwave and Millimeter-Wave Monolithic Circuits 

Symposium, doi:10.1109/22.17440.  

 

[3] Gertel, E., Johnson, D. M., & Kumar, M. (1990). 2-18 

GHZ Logarithmic Amplification Componentry, IEEE 

MTT-S Digest. doi: 10.1109/MWSYM.1990.99770. 

 

[4] Nelly, D. J., & Parsons, D. S. (1992). A GaAs MMIC 

Based Successive Detection Logarithmic Amplifier. 

IEEE  Microwave and Millimeter-Wave Monolithic 

Circuits Symposium. doi:10.1109/MCS.1992.186022. 

 

[5] Chua, L.W. (1992). A GaAs MMIC for a 2-7GHz 

Successive Detection Logarithmic Amplifier. IEEE 

Microwave and Millimeter-Wave Monolithic Circuits 

Symposium. doi:10.1109/MCS.1992.186021. 

 

[6] Wu, J. W., Hsu, K. C., Lai, W. J., To, C. H., Chen, S. 

W., Tang, C. W., &Juang, Y. Z. (2011).A linear-in-dB 

radio-frequency power detector.IEEE Microwave 

Symposium Digest (MTT). 

doi:10.1109/MWSYM.2011.5972772.  

[7] Shieh, M. L., Lai, W. J., Li, J. S., Chiang, Y. L., Wu, H. 

H., Xsieh, C. C., et al. (2009). Linear Radio Frequency 

Power Detector. IEEE Microwave Conference, APMC 

2009, doi:10.1109/APMC.2009.5385446. 

[8] Haynes, M. (2008). Design and Measurement of a 

Wideband InP SDLA. ARMMS, April. 

 

[9] Haynes, M. (2008). Wideband Monolithic SDLA 

Design Using InP DHBT Technology.IET Seminar on 

RF and Microwave IC Design, 

doi:10.1049/ic:20080109. 

 

[10] Kimura, K. (1993). A CMOS Logarithmic IF Amplifier 

with Unbalanced Source-Coupled Pairs. IEEE J. Solid-

State Circuits, doi:10.1109/4.179206. 

 

[11] Analog Devices, AD640 Datasheet, Rev C, 1999. 

 

[12] Kimura, K. (1992). Some Circuit Design Techniques 

for Bipolar and MOS Pseudologarithmic Rectifiers 

Operable on Low Supply Voltage. IEEE Transactions 

on Circuits  and Systems I: Fundamental Theory and 

Applications,doi:10.1109/81.250169. 

 



Journal of Applied Dynamic Systems and Control, Vol.3, No.1, 2020: 25- 32                       

 
31 

 

 

[13] Kimura, K. (1996). Some Circuit Design Techniques 

for Low-Voltage Analog Functional Elements Using 

Squaring Circuits. IEEE Transactions on Circuits  and 

Systems I: Fundamental Theory and Applications, 

doi:10.1109/81.508175. 

 

[14] Chadwick, P.E. (1990). Advances in Logarithmic 

Amplifiers. IET Fifth International Conference on 

Radio Receivers and Associated Systems, 51-58. 

 

[15] Gorman, G. M., Oki, A. K.,  Mrozek, E. M., Camou, J. 

B., Umemoto, D. K.  & Kim, M. E. (1989). A GaAs 

HBT Monolithic Logarithmic IF (0.5 to 1.5 GHz) 

Amplifier with 60 dB Dynamic Range and 400 mW 

Power Consumption, IEEE MTT-S Digest, 

doi:10.1109/MWSYM.1989.38784. 

 

[16] Yamada, F.M., Oki, A.K., Streit, D.C., Saito, Y., 

Coulson, A.R., Atwood, W.C., et al. (1994). Reliability 

of a High Performance Monolithic IC Fabricated Using 

a Production GaAsA1GaAs HBT Process. IEEE GaAs 

IC Symposium, doi:10.1109/GAAS.1994.636983. 

 

[17] Khorram, S., Rofougaran, A., &Abidi, A. A. (1995). A 

CMOS Limiting Amplifier and Signal Strength 

Indicator. IEEE Symposium on VLSl Circuits Digest of 

Technical Papers, doi:10.1109/VLSIC.1995.520702. 

 

[18] Woochul Jeon, (2005). Design and Fabrication of On-

Chip Microwave Pulse Power Detectors. Doctor of 

Philosophy Dissertation, University of Maryland. 

 

[19] Zhou, Y. &Wah, M. C. Y. (2006). A wide band CMOS 

RF power detector. IEEE International Symposium on 

Circuits and Systems, 

doi:10.1109/ISCAS.2006.1693562. 

 

[20] Ferrari, G., Prati, E., Fumagalli, L., Sampietro, M., 

&Fanciulli, M. (2005). Microwave power detector 

based on a single MOSFET in standard technology. 

IEEE European Microwave Conference, 

doi:10.1109/EUMC.2005.1610150. 

 

[21] Zhou Y. and Chia, M. Y. W. (2008). A low-power ultra-

wideband cmos true rms power detector. Microwave 

Theory and Techniques, IEEE Transactions on, 

56(5), Part 1, 1052–1058. 

 

[22] Ratni, M., Huyart, B., Bergeault, E., &Jallet, L. (1998). 

RF power detector using a silicon MOSFET. IEEE 

MTT-S Digest, doi:10.1109/MWSYM.1998.705195. 

 

[23] Townsend, K. A., Haslett, J.W., & Nielsen, J. (2007). A 

CMOS Integrated Power Detector for UWB.IEEE 

International Symposium on Circuits and Systems, 

doi:10.1109/ISCAS.2007.377987.  

 

[24] Hao, X., Zheng, Y., Tian, F., Zhou, Q., Li, H., Liu, 

Z., ...& Liao, H. (2019). A Reverse-RSSI Logarithmic 

Power Detector With+ 35-dBm Maximum Detectable 

Power in 180-nm CMOS. IEEE Microwave and 

Wireless Components Letters, 29(9), 610-613. 

 

[25] Qayyum, S., &Negra, R. (2018). Analysis and design 

of distributed power detectors. IEEE Transactions on 

Microwave Theory and Techniques, 66(9), 4191-4203. 

[26] Stärke, P., Rieß, V., Carta, C., &Ellinger, F. (2018,  

October). Wideband Amplifier with Integrated Power 

Detector for 100 GHz to 200 GHz mm-Wave 

Applications. In 2018 IEEE BiCMOS and Compound 

Semiconductor Integrated Circuits and Technology 

Symposium (BCICTS) (pp. 160-163). IEEE. 

[27] Vlassis, S., Gialenios, G., Souliotis, G., &Plessas, F. 

(2019, July). Power Detector Based On Voltage 

Squaring. In 2019 42nd International Conference on 

Telecommunications and Signal Processing (TSP) (pp. 

477-480). IEEE. 

 

[28] Li, C., Yi, X., Boon, C. C., & Yang, K. (2019). A 34-dB 

dynamic range 0.7-mW compact switched-capacitor 

power detector in 65-nm CMOS. IEEE Transactions on 

Power Electronics, 34(10), 9365-9368. 

 

[29] Venkatasubramanian, R. (2005). High Frequency 

Continuous-Time Circuits and Built-In-Self-Test Using 

CMOS RMS Detector.Master of Science Dissertation, 

Texas A&M University. 

 

[30] Rami, S., Tuni, W., &Eisenstadt, W.R. (2010). 

Millimeter wave MOSFET amplitude detector. 

IEEESilicon Monolithic Integrated Circuits in 

RFSystems (SiRF),doi:10.1109/SMIC.2010.5422961. 

 

[31] Valdes-Garcia, A., Venkatasubramanian, R., Srinivasan, 

R., Silva-Martinez, J., &Sinencio E. S. (2005). A 

CMOS RF rms detector for built in testing of wireless 

transceivers. 23rd IEEE VLSI Test Symposium, 

doi:10.1109/VTS.2005.8.  



   Alternating Rectifier in SDLVA by Power Detector: A Novel Technique for Improved Chip Area and Power..... 32

 

[32] Yin, Q., Eisenstadt, W. R., Fox, R. M., & Zhang, T. 

(2005). A translinearrms detector for embedded test of 

RF ICs. IEEE Trans. on Instrumentation and 

Measurement, doi:10.1109/TIM.2005.855105. 

 

[33] Gray, P. R., Hurst, P. J., Lewis, S. H., and Meyer, R. G. 

(2001). Analysis and Design of Analog Integrated 

Circuits. J. Wiley & Sons, fourth ed. New York. 

  

 

 

 

 

 

 

 

 

 


