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Abstract— In this paper power detector (PD) using quasi T-

coil matching network is designed. Further for low power 

signal detection an amplifier is embedded with detector 

circuit. The detector works on the nonlinear characteristics 

of short-channel MOS devices operating in either a 

saturation or subthreshold regime to generate a dc current 

that is proportional to the input signal power. The operating 

region of MOS devices depends on input power levels. The 

input-matching networks of PDs can flatten the ratio 

between the effective input power of a PD and the incident 

wave versus frequency; therefore, the output dc voltage may 

remain constant for incident signals with a fixed power 

value and the power detector can be use for wideband 

frequency operation.Finally performance of the circuit will 

be analyzed by plotting graph for output voltage versus 

input power. High gain over range of frequencies is found 

out from graph of gain versus frequency in dB scale. 
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I. INTRODUCTION 

As the electronic systems are getting compact day by day 

issue for leakage power in terms of static power and 

dynamic power becomes very serious. So Low power 

techniques are implemented at various levels of system like 

technology level, gate level, algorithmic level and system 

level. The transmission power of any system can be 

optimize with a power control loop and also to improve the 

linearity of power amplifiers. General application of power 

detector in circuit is shown in fig. 1. Output signal of any 

circuit whose power is to be optimized is given to power 

detector. Power detector generates proportionate output DC 

voltage which is fed to Automatic Gain Control (AGC) 

circuitry [1], [2]. AGC output is fed back to original circuit. 

AGC is designed such that depends upon input dc voltage it 

generates bias voltage which increases or decreases gain of 

the overall system. 

Several types of power detectors used in a circuit 

based on different operation and components used. In that 

commonly used power detectors are Schottky diode based 

detector, joules heating based detector, bipolar transistor 

based and MOSFET based detectors. 

 
Fig. 1: 

But disadvantages of some these detectors are like 

although Schottky diodes are good for RF signal detection, 

they are not standard component in CMOS foundry process. 

[8] RF power is measured in joules heating diode detector is 

by comparing heating value generated by unknown AC 

signal with known heating values generated by calibrated 

reference DC voltage. Thus realization of thermal detection 

is complex and expensive. Also it requires special attention 

for packaging. In translinear detectors V-I converter limited 

bandwidth narrow down the applications of detector for 

Ultra Wide Band operation. [3]- [7]. Bipolar transistors used 

for detectors are incompatible for CMOS based circuits.  [9], 

[10] as the use of MOSFETS are increased in circuit due to 

benefits like low area and low power, MOSFET based 

detectors are also introduced. Using MOS transistor’s 

characteristics of square law in strong inversion region and 

exponential characteristics in weak inversion region power 

detection is done. Then to increase the sensitivity 

logarithmic amplifier is attached. 

For AGC application low level of signal should be 

detected by power detector so that gain is be adjusted for 

power amplifier. For wide band application output DC 

voltage should be independent of frequency, which means 

gain of the circuit must be constant for large range of 

frequencies. Matching circuitry helps to reduce reflection 

coefficient of the power detector so that frequency response 

of the detector will be flat. Power detector designed in this 

paper makes use of non linear characteristics of MOSFET 

thereby operating in saturation region and subthreshold 

region which has matching circuitry of quasi T-coil and to 

improve the sensitivity, amplifier is embedded with it. 

This paper is divided into four parts as follows:  2. Design of 

matching circuit, 3. design of power detector with amplifier, 

4. simulation result and 5. conclusion.  

II. DESIGN OF MATCHING CIRCUIT 

Matching network whose bandwidth can cover the most of 

the commercial frequencies is required. T-coil and Quasi T-

coil are the most popular matching circuits which are used 

for wide band matching. Circuit structure for both T-coil 

and quasi T-coil is shown in fig. 2 and fig. 3 respectively. 

The problem with T-coil is due to lack of model parameter 

and process variation in certain foundry process its 

performance degrades with frequency.  [11]- [12] Moreover 

to obtain maximally flat response from T-coil following 

equation should be satisfied. 

    
  
 

 

Where    is circuit component and    is load 

capacitance which is a small value. Capacitor    also 

contributes the effect of input parasitic capacitance which 

gradually increases as frequency increases. This makes 

above relationship to fail and causes degradation of gain at 

higher frequencies. [11] 

To overcome this problem Quasi T-coil structure is 

used. It is a three port network consists of inductor and two 

capacitors. To design Quasi T-coil network with an 

embedded amplifier equivalent circuit is drawn in fig (3).  
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In fig. 3 capacitor C1 and C3 are gate capacitances 

of MOSFET M1b and M3b and R1 and R3 are resistances 

which are used in PD with embedded amplifier circuit 

shown in fig. 5. Together C1, R1 called as Zload1 and R3, 

C3 called as Zload2. Quasi T-coil is parallel Zload1. Input 

impedance of the circuit can be formulated as follows 
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From above equations it can be seen that four more 

zero and pole are introduced and thus bandwidth is 

extended. 

To calculate the component values of Quasi T-coil 

following analysis is done,   Assume that source voltage Vs 

with source impedance Z0 is given to the circuit in the fig. 

3. 

 

Fig. 2: 

 

Fig. 3: 

Therefore transfer coefficient from source to 

Zload1 given as, 

T1 = 
                 

              
 = 1+                                     (4) 

    is reflection coefficient which is also formulated as 

follows. 
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Where V- is reflected voltage from load and V+ is 

incident voltage to load. To match circuit, input impedance 

Zin should be equal to Z0 thus Γin will approach to zero and 

T1 will approach 1. By equating Re (   ) =    relation 

between R1, R2 and R3 can be found out. 

R2    
    

     
    in which R1>   is assumed. 

To get value of inductance (L) equate Im (   ) =0 

We get, 
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Voltage transfer coefficient from source to load2 

can be given as 

T2= 
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T1 will approach to 1 at designed centre frequency so values 

of capacitor should be such that 
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From all above equations, component values of matching 

network obtain as follows R1=R2=R3=104Ω, L=0.894nH, 

C=60fF. 

III. PD DESIGN 

Two types of PDs are considered here for comparison of 

result. First one is resister biased and second one is Quasi T-

coil PD with embedded amplifier. In first circuit fig. 4a M1a 

is main contributor of DC current.M3a act as a resistor that 

is pull up network. And so it can be NMOS or PMOS. In 

second circuit fig. 4b also transistor M1b act as a main 

contributor for DC current. To increase sensitivity of the 

circuit amplifier made symmetrical. So that noise signal is 

nullified. In this circuit M3b also active resistor but it is of 

PMOS type only. This CMOS type structure consumes very 

low power. 

A. Analysis Of Quasi T Coil PD With Embedded Amplifier: 

When AC signal given to input of the circuit is zero then all 

transistors M1b, M2b, M3b, M4b are in saturation region. If 

MOSFET’s secondary effects are ignored then output of the 

circuit (V+ - V-) is zero because of the symmetric structure. 

But as amplitude of the AC input signal increases V- starts 

decrease and V+ starts increase thus output voltage (V+ - V) 

increases. This gives better sensitivity for input AC signal. 

 
Fig. 4a: 
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Fig. 4b: 

 Further increase in AC input signal decreases V- 

such that its value goes below threshold voltage (   ). Then 

M1b goes to subthreshold region. In subthreshold region DC 

power consumption is greatly reduced.   

As MOSFETs operates in both saturation and 

subthreshold region, an unified current equation has to be 

given which holds true for both region for analysis and thus 

to calculate component value of the circuit. Equation for 

Drain current Id versus gate voltage Vgs is given in terms of 

Taylor series as, 

Ids (Vd+Vgs) = A0+(A1)Vgs+(A2)       (  )      

(9) 

Where An = 
 

  

     (      )

     
 

   is overdrive voltage for MOSFET. 

When Vgs = Vrf*cos(    ) is applied to the circuit 

differential current starts to flow through the circuit which is 

given as 

         (       )      (       )       (10) 

As DC component of the output is of our interest, DC 

component of the difference drain current is, 
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Therefore output difference voltage is given by 
 (       ) 
         (       )                                            
             (12) 

This is for fig (4a), where rM3a is resistance 

offered by MOSFET M3a. Similarly, 
 (       ) 
  (        (       )               )  
        (13) 

This is for fig (4b) where rM3b is resistance 

offered by MOSFET M3b. and Av is voltage gain provided 

by embedded amplifier. To find the unknown parameter A2, 

A4.., short channel effect like velocity saturation is 

considered.  Equation for drain current including velocity 

saturation can be written as, 

Ids(Vd+Vgs) = 
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Where x= Vd+Vrf cos(    ) 

To calculate unknown parameter in (11) by solving (9) and 

(14) we get 
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Then DC difference current can be rewritten as 
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Rla has fix value in equation (12) so for greater 

sensitivity Vd > Ec from that range of bias voltage Vb1 can 

be given as 

   < Vb1 <    +
  √      (      )

     
 

(      )
     

 

 

For 90nm technology     = 1.8 is given and values 

of  
   

 
            , W/L= 1.2u/0.1u, Vth=0.45V, 

Rla=6K ohm. And ignoring value of rM3 we get Vb1 

approximately equal to 0.67. For simplicity Vb2 is 

connected to   . 

IV. SIMULATION RESULT 

Circuit shown in figure (4a) and (4b) are simulated in 

Cadence software using Virtuoso tool. Both the circuits are 

made in 45nm technology and also in 90 nm technology. 

To calculate static power consumption in the circuit 

all AC sources are grounded and output current in both the 

branches are measured. Using the static power formula, P= 

V*I power in both the circuit calculated. Static power result 

for resistance based PD and quasi T-coil PD in 90nm and 

45nm technology is tabulated below. 

Static power in (mW) 

 45nm 90nm 

Resistance based PD 0.01439 0.885 

Quasi T-coil PD 0.006926 0.417 

Table 1: 

AC signal power is directly proportional to AC 

signal amplitude. To analyze Power detector voltage output 

with respect to various AC signal power output DC voltage 

difference Vs AC amplitude graph is plotted. 

 
Fig.  5: 

Figure (5) shows the graph for Quasi T-coil based PD 

designed in 90 nm. 
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Difference between two output voltages (V+ - V-) 

is taken and by varying AC amplitude of the input signal 

circuit performance is analyzed. Figure (6) shows the graph 

for same circuit but designed in 45nm. 

Another circuit performance parameter is gain of 

the circuit should be constant over wide range of 

frequencies. Depends upon the bandwidth application of 

circuit is decided. To get bandwidth of the circuit graph is 

plotted between gains in db20 Vs range of frequencies. 

 

Fig. 6: 

 

Fig. 7: 

Fig. 7: shows behavior of Gain with respect to operating 

frequency. This graph is plotted for Quasi T-coil PD in 90 

nm. 

 

Fig. 7: 

Fig. 8: shows the graph of output difference DC voltage Vs 

input AC signal amplitude of resistor based PD in 90 nm. 

V. CONCLUSION 

From the table (1) we can conclude that for both 45nm 

technology as well as 90 nm technology static power 

consumed by quasi T-coil based PD is very much lesser than 

that of resistor based PD.52.88%  (in 90nm) and 51.86% (in 

45nm) static power gets reduced when Quasi T-coil based 

PD is used instead of resistor based. Main aim behind the 

use of Quasi T-coil based PD is increased sensitivity. By 

comparing figure (5), (6) and (8) it is clear that Quasi T-coil 

based PD shows larger difference in the output voltage than 

that of resistor based PD which is proportional to applied 

AC power signal. For low AC signal values difference in 

output DC signal is more so it gives more controllability 

over gain of the power amplifier. So conclusion can be taken 

as quasi T-coil PD with embedded amplifier enhances the 

sensitivity of the system and consumes low power. 
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