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Abstract 
 

A Gilbert cell down conversion mixer is designed for RF, IF and LO 

frequency of 900 MHz, 45 MHz and 855 MHz respectively using 180 nm 

CMOS technology. The 900 MHz band is one of the most widely used 

frequency spectrum for different wireless applications including emerging 

narrow band Internet of things (NB-IOT) standard. The presented mixer 

utilizes Gilbert cell as a core of the mixer. Series resistor inductor source 

degeneration technique is used at RF transconductance stage for improving 

the linearity of the mixer. Two elements type capacitive and inductive (CL) 

matching is used at mixer RF stage, to minimize the return loss at RF port. 

LO signal is applied in differential form at LO port and RF signal is applied 

in single ended form at RF port. IF voltage output is taken across differential 

resistive load,The mixer obtains maximum conversion gain of 13.68 dB, 1 

dB compression point (P1dB) of -18.51 dBm, the third order input intercept 

point (IIP3) of -8.044 dBm, single sideband (SSB) noise figure of 3.753 dB 

and input return loss (S11) of -17.86 dB. 

 

Keywords: Down conversion mixer, Gilbert cell, Resistive inductive source 

degeneration, CL matching network. 
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1 Introduction 

 
Mixer is used in modern radio transceivers for frequency translation. 

Modern wireless receiver architecture can be broadly classified in two types 

i.e. direct conversion (zero IF) (homodyne) and heterodyne receiver [1-3]. In 

direct conversion type of receiver architecture, RF frequency band pass 

signal is directly converted to low pass baseband signal without any 

intermediate stage but this type receiver suffers from DC offset problem 

whereas in heterodyne receiver, RF frequency band pass signal is first down 

converted to IF frequency and then finally demodulated to baseband 

frequency. Advantage of heterodyne receiver is that it possesses higher 

selectivity than direct conversion receiver. Conversion of RF to IF frequency 

is done through use of down conversion mixer. The basic operation of down 

conversion mixer is shown in Figure 1.  

 

 
 

Figure 1 Operation of Mixer 

 

Fundamentally mixer can be thought as multiplier in time domain. Down 

conversion mixer multiply RF frequency with a periodic (sinusoid) local 

oscillator (LO) frequency signal to produce mix intermediate (IF) frequency. 

Mixers can be classified as single ended (SE), single balanced (SB)and 

double balanced (DB). SE mixer does not suppress both RF and LO signals 

at its output, SB mixer suppresses one of the LO and RF signals at its output 

whereas DB mixer rejects both RF as well as LO signals at its output. Mixers 

can also be categorized as active or passive basis on conversion gain or loss. 

Passive mixer produces conversion loss. This can degrade the overall noise 

performance of the transceiver. Active mixers provide conversion gain. They 

use transconductance amplifying stage in addition to switching stage [4-5].  

Gilbert cell mixer is active as well as double balanced in nature. FET 

based Gilbert cell architecture can be operated with low LO signal power 

levels but linearity is low. Gilbert Cell Mixer is basically an amplifier 

followed by a phase reversal switching stage. Circuit schematic of standard 

from of Gilbert mixer is shown in Figure 2 [6-18].  
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Figure 2. Schematic of Standard form of Gilbert Cell Mixer [6] 

 

RF+ and RF- denote the differential voltages of the input RF signal and 

LO+ and LO- denote the differential versions LO voltage. The bottom RF 

differential pair (M1-M2) amplify the RF voltage in current from and hence 

called as RF transconductance stage. The two LO switching differential pairs 

(M3-M4 and M5-M6) on the top form a DB configuration which switches 

the RF current which results in multiplication (mixing) of RF and LO signal 

to produce mix IF signal. The IF output is taken as a cross connections of the 

drains of the two LO differential stages. The drain current is regulated by the 

constant current source IDC. 

Further part of this work is presented as follows. Section 2 discusses 

proposed Gilbert cell mixer design. Section 3 discusses simulation 

parameters, simulation results and corresponding discussions of the results in 

context to the designed mixer circuit. Conclusion of proposed work is 

presented in section 4.  

 

2  Proposed Gilbert Cell Mixer Design 
 

 Design of proposed Gilbert cell mixer is shown in Figure 3. Primary 

cause of nonlinearity in MOSFETs based circuits is nonlinear transfer 

characteristics of MOSFETs. Series resistor inductor source degeneration 

technique is used at common source RF transconductance stage to linearize  
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the transfer characteristics of the mixer. Linearization of transfer 

characteristics results in linear transconductance of transistors M1-M2. This 

technique of linearize the transfer characteristic results in trade off with 

conversion gain of the mixer. In Low voltage RF integrated circuits design, 

inductors are generally used for source degeneration as inductor add very low 

amount of noise to the circuit, and it also lowers the DC bias voltage 

requirement for the circuit but a series combination of resistor and inductor 

for source degeneration provides flexibility of input match along with 

linearization of transconductance.  

 Series combination of resistor inductor degeneration are used in mixer 

design as shown as SRL1 (series resistor inductor pair 1) and SRL2 (series 

resistor inductor pair 2).  

 

 
  

Figure 3 Schematic of designed mixer  

 

 Impedance of the mixer looking inside of the RF port of the mixer 

(Zin(RF)), without applying input matching circuit is given by 



                                                                                                                  
 

    

 

 

 

 

 
A 900 MHz Gilbert Cell Down Conversion Mixer Design in 180nm CMOS 

Technology for Wireless Applications  1901 

 

 

 

 
 

 Where Cgs is gate to source parasitic capacitance at RF stage, ω is the 

operating frequency, Zs is total impedance of series resistor inductor 

combination applied for source degeneration ωT is the unity gain current gain 

frequency given as ωT =gm/Cgs. Effective transconductance (Gm) after 

applying source degeneration technique is given by 

 

 if gmro  >> 1 

 

 if gmzs  >> 1 

 

 Where gm represents the transconductance of the MOSFETs of RF stage, 

without applying source degeneration, ro is the output impedance of the RF 

MOSFET transistors. Gm is effectively given by 1/Zs, for gmzs  >> 1, which 

clearly indicates that Gm is linearized with respect to bias point.  

 Single ended CL type matching is applied at RF port to minimize input 

return loss. Schematic of matching circuit applied at RF port is presented in 

Figure 4.  

 

 
 

Figure 4 Schematic of matching circuit at RF port 

 

Matching circuit design equations are given as follows 

 

ZL= Zin(RF) 
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Where ZL is the load impedance required to transform to port impedance 

Zo. The standard value of Zo is 50 Ω. For matching purposes, load impedance 

ZL is taken equals to Zin(RF).  jX is the series reactance of the matching circuit 

and jB is the parallel reactance of the matching circuit. Positive and negative 

values X correspond to an inductor and capacitor respectively, while positive 

and negative values of B correspond to a capacitor and inductor respectively. 

 

3  Results and Discussions 
 

Mixer is designed for RF (fRF), IF (fIF) and LO (fLO) frequency of 900 

MHz, 45 MHz and 855 MHz respectively. Relation among these three 

frequencies is given as  

 

fIF = |fRF-fLO| = | 900-855|= 45 MHz 

. 

Mixer is designed with CMOS 180 nm technology and simulated with 

Keysight ADS software. For harmonic balance simulation, maximum order 

of nonlinearity of LO signal source, RF signal source and intermodulation 

frequency signal is chosen as 7, 3 and 5 respectively. Order of LO signal 

source is chosen higher than RF signal source as power of LO signal is kept 

higher than RF LO power level. In designed mixer RF signal power is 

increased from – 60 dBm to higher level to observe the non-linear effects at 

higher power levels. In proposed mixer design LO voltage of 0.2 V is chosen 

for optimized results which is equal to 0.969 dBm of LO signal power. 

Values of different simulation parameters are summarized in Table 1. 

   
Table 1: Simulations parameters 

 

Parameters Value 

CMOS Technology  180 nm 

RF Frequency 900 MHz 

IF Frequency 45 MHz 

Maximum order of RF frequency  7 

Maximum order of LO frequency 3 

Mean RF Power level  -60 dBm 

LO Voltage 0.2 V 

 

Variation of conversion gain with respect to  RF power level is shown in 

Figure 5. RF power is increased from -60 dBm to observe phenomenon of 

gain compression. Maximum value conversion gain as 13.68 dB is observed 

at -59.99 dBm of RF power level. Value of P1dB (1 dB compression point) is 

observed at -18.51 dBm. This value of P1dB indicates that mixer maintain 

sufficient linearity at high power levels. 
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Figure 5 Conversion gain with RF power 

 

Simulation results of ideal and delivered IF power with respect to RF 

power is presented in Figure 6. Delivered IF output power is observed as 

decreasing at high RF power level. This result also confirms the gain 

compression phenomenon as observed in Figure 5.  

 

 
   Figure 6  IF Output power with respect to RF signal power 

 

Dependence of IF voltage with respect to RF power level is presented in 

Figure 7. It is shown that IF voltage starts to decrease at higher power levels, 

which further revalidates gain compression phenomenon. 
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Figure 7 Magnitude of IF voltage versus RF signal power 

 

To observe the results of matching at RF port, S-parameter simulation is 

done, whose result is shown in Figure 8. It is observed that return loss at 

input port (S11) remains below -10 dB from 875 MHz to 925 MHz with 

minimum value of -17.86 dB at 900 MHz. This specifies that mixer is well 

tuned at RF frequency of 900 MHz with sufficient bandwidth. 

 

 
        Figure 8  Input return loss with RF frequency 

 

Intermodulation distortion (IMD) simulation is done to observe third 

order input intercept point (IIP3) parameter. A pair of RF frequencies are 

chosen as  f1 = fRF + fspacing/2 and     f2 = fRF - fspacing /2, such that mix 

frequency products corresponding to third order IMD products (2f1 – f2 , 2f2 – 

f1) should lie within IF bandwidth. For IMD simulation, the RF power level 

is taken as -60 dBm and  fspacing value is chosen as 20 KHz. Results of IMD  
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simulation with LO voltage is shown in Table 2. The value of IIP3 is 

increased significantly and conversion gain remains almost constant at LO 

voltage of 0.2 V so LO voltage of 0.2 is chosen for mixer design. 

 
      Table 2 IMD Simulations Results 

 

S. 

No

. 

IMD Simulations Results 

V_LO 

(V) 

IIP3 (dBm) Conversion 

Gain (dB) 

1 0.50 -10.642 0.814 

2 0.100 -5.750 8.562 

3 0.150 -9.907 12.450 

4 0.200 -8.044 13.685 

5 0.250 -23.339 14.109 

 

Results of noise figure simulation is shown in Figure 9. Noise power of -

26.236 dBm is observed at IF frequency of 45 MHz and RF power level of -

60 dBm. A low value of NFSSB is observed  as 3.753 dB.  

 
Figure 9  Nose figure simulation results 

 

Table 3 presents the component values and transistor sizing of the 

designed mixer. 
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Table 3 Final component values of designed mixer 

 

Component Value 

Load (RL) 200 Ω 

Length of MOSFETs 0.18 µm 

Width of  MOSFETs 90 µm 

SRL1, SRL2 (L,R) 5 nH, 10 Ω 

C2, L3 0.198 pF , 88.4 nH 

 

Table 4 summarizes the performance metrics of the designed mixer. 

 
Table 4 Performance metrics of designed mixer 

 

Performance metrics Value 

Maximum  Conversion Gain  13.68 dB 

P1dB  -18.51 dBm 

IIP3  -8.044 dBm 

SSB Noise figure   3.753 dB 

S11 (dB) (min.) -17.86 dB 

 

4 Conclusion 
 

A Gilbert cell CMOS down conversion mixer with high gain low noise 

figure is designed for RF (fRF), IF (fIF) and LO (fLO) frequency of 900 MHz, 

45 MHz and 855 MHz respectively. Mixer is designed in 180 nm CMOS 

technology using Keysight ADS software. Basic Gilbert cell mixer is 

modified with applying series resistor inductor source degeneration 

technique for linearity enhancement. Designed mixer shows high value of 

maximum conversion gain as 13.68 dB with value of P1dB as -18.51 dBm. 

CL matching is applied at RF port which results in minimum return loss as -

17.86 dB at 900 MHz with wide matching bandwidth. Mixer shows the value 

of IIP3 parameter as -8.044 dBm which indicates that mixer effectively 

suppress third order IM products. Mixer shows a very low value of noise 

figure (SSB) as 3.753 dB. This shows that mixer is less noisy in nature. The 

designed mixer is useful for wireless receivers operating at 900 MHz 

frequency spectrum. 
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