
time and deliver more power to load, as can be seen in 

Table 3. The effect is more pronounced as the frequency 

increases since the delay time comprises a higher portion 

of total time period. It is not a favourable effect for 

switching performance, because output signal is no 

longer the same as input signal.  

 
Figure 3. Measured input, base and emitter voltage waveforms (vi, vB, 

and vE) of tested circuits with bipolar transistors at 10 MHz. 

 
Figure 4. Calculated current waveforms of tested circuits with bipolar 

transistors at 10 MHz. 

 
Figure 5. Calculated power dissipation of transistor and power delivered 

to the load of bipolar transistors at 10 MHz. 

 
Figure 6. Measured input, base and emitter voltage waveforms (vi, vB, 

and vE) of tested circuits with bipolar transistors at 100 MHz. 

 
Figure 7. Calculated current waveforms of tested circuits with bipolar 

transistors at 100 MHz. 

 
Figure 8. Calculated power dissipation of transistor and power delivered 

to the load of bipolar transistors at 100 MHz. 

TABLE 3. Measured and calculated parameters of tested bipolar 

transistors at frequencies 1 MHz, 10 MHz and 100 MHz 

Frequency 

Parameter BFP420 BFP640 HCBT 

tr (ns) 1.38 1.30 1.26 

tf (ns) 1.66 1.76 1.60 

1 MHz 

PRB (mW) 0.92 1.10 0.99 

Ptransistor (mW) 7.3 7.4 7.3 

Pload (mW) 78.9 78.3 79.0 

Ptotal (mW) 87.1 86.8 87.3 

PSW (mW) 0.52 0.53 0.67 

η (%) 90.58 90.16 90.49 

10 MHz 

PRB (mW) 2.0 1.5 1.5 

Ptransistor (mW) 8.5 8.8 9.8 

Pload (mW) 81.7 77.7 77.2 

Ptotal (mW) 92.3 88.4 88.5 

PSW (mW) 2.1 1.5 1.5 

η (%) 88.58 87.89 87.22 

100 MHz 

PRB (mW) 2.4 1.8 2.1 

Ptransistor (mW) 16.6 17.2 16.8 

Pload (mW) 83.5 70.2 71.4 

Ptotal (mW) 102.5 89.2 90.3 

PSW (mW) 13.1 12.8 12.3 

η (%) 81.44 78.65 79.07 

C.  MOSFET�¶s Switching Performance 

From measured voltage waveforms at 10 MHz (Fig. 

9), we can see that RU1C001UN’s vS rising edge is 

delayed by 4 ns from vG. It can also be noted that its high 

voltage level of vS is the lowest of the examined 

MOSFETs. This can be credited to parasitic resistances 

(RDS(ON) and Rgate) of RU1C001UN, as can be seen in 

Table 1. We can see that RUR020N02 spends the most 

time in switching around 20 ns (Fig. 9 and Fig. 11). As 

switching takes up a larger portion of time period at 

higher frequencies this increases the switching loss. 

Measured RUR020N02’s tr and tf are also the largest of 

all MOSFETs. Such a behaviour can be attributed to the 

largest Ci of examined MOSFETs (Table 1). 

RE1C002UN has the smallest delay between vS and vG, 

and tr=6.4 ns, tf=5.0 ns, resulting in the lowest switching 

losses. All MOSFETs have iG spike of around 45 mA 

while switching, but they last differently. RUR020N02’s 

iG spike lasts around three times longer than those of 

other MOSFETs. Similar spikes can be observed in the 

power dissipated at transistor (Fig. 11), which also peaks 

during switching. Those peaks for RUR020N02 go up to 

150 mW and last around 30 ns. RU1C001UN and 

RE1C002UN have peaks of power dissipated at transistor 

from 110 mW to 130 mW, respectively, which last under 

10 ns. Those effects can be seen in Table 4. with PSW of 

RUR020N02 is tree times higher as compared to other 

MOSFETs at 10 MHz. Looking at the power delivered to 

the load (Fig. 11) it can be seen that RU1C001UN 

delivers less power than other two transistors, when in 

on-state. The exact values of Pload are shown in Table 4.  
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Fig. 12 shows measured voltage waveforms at the 

frequency of 100 MHz depicting that only 

RU1C001UN’s vi menages to go up to 4.5 V. 

Furthermore, vS waveform lags behind vi waveform. Due 

to RUR020N02 large Ci, its measured voltage waveforms 

considerably deviate from rectangular shape. 

RUR020N02’s vi, vG and vS at 100 MHz only reach half 

the value of the measured voltage values at 10 MHz. 

Moreover, iG does not exhibit two distinct current spikes 

(Fig. 13). It can be concluded that RUR020N02 no longer 

operates as switch. RE1C002UN’s vS goes up to 2.7 V at 

100 MHz (Fig. 12), and iG has a spike of 30mA (Fig. 13). 

Power dissipated at RE1C002UN have two distinct spikes 

caused by switching, shown in Fig. 14. RE1C002UN 

operates at its limit of switching operation at 100 MHz. 

 
Figure 9. Measured input, gate and source voltage waveforms (vi, vg, 

and vs) of tested circuits with MOSFETs at 10 MHz. 

 
Figure 10. Calculated current waveforms of tested circuits with 

MOSFETs at 10 MHz. 

 
Figure 11. Calculated power dissipation of transistor and load of tested 

circuits with MOSFETs at 10 MHz. 

 
Figure 12. Measured input, gate and source voltage waveforms (vi, vg, 

and vs) of tested circuits with MOSFETs at 100 MHz. 

 
Figure 13. Calculated current waveforms of tested circuits with 

MOSFETs at 100 MHz. 

 
Figure 14. Calculated power dissipation of transistor and load of tested 

circuits with MOSFETs at 100 MHz. 

TABLE 4. Measured and calculated parameters of tested MOSFETs at 
frequencies 1 MHz, 10 MHz and 100 MHz 

Frequency 

Parameter RU1C001UN RE1C002UN RUR020N02 

tr (ns) 10.4 6.4 27.2 

tf (ns) 6.0 5.0 8.8 

1 MHz 

PRB (mW) 0.049 0.05 0.21 

Ptransistor (mW) 8.3 4.2 3.5 

Pload (mW) 77.9 85.5 88.9 

Ptotal (mW) 86.3 89.8 92.6 

PSW (mW) 1.1 0.62 2.1 

η (%) 90.33 95.25 96.01 

10 MHz 

PRB (mW) 0.59 0.96 3.0 

Ptransistor (mW) 26.3 19.1 43.7 

Pload (mW) 66.0 77.9 79.7 

Ptotal (mW) 92.9 97.9 126.4 

PSW (mW) 10.8 9.7 33.9 

η (%) 71.05 79.54 63.08 

100 MHz 

(*no 
longer 

operates 

as switch) 

PRB (mW) 0.83 1.4 0.77* 

Ptransistor (mW) 46.0 36.3 34.9* 

Pload (mW) 32.8 44.9 6.8* 

Ptotal (mW) 79.6 82.6 42.4* 

PSW (mW) 34.9 30.2 34.9* 

η (%) 41.21 54.31 15.93* 

D. Comparison of HCBT and RE1C002UN 

When comparing HCBT with the best performing 

MOSFET it should be noted that HCBT is optimized for 

RF applications and RE1C002UN is a high-speed 

switching transistor. Figs. 15 to 17 show voltage, current 

and dissipated power waveforms of HCBT and 

RE1C002UN at 100 MHz. From the data in Tables 2. and 

3. we can see that RE1C002UN performs better at 

frequencies up to around 10 MHz, which can be credited 

to low RDS(ON) and small rise and fall times. HCBT 

performs better at higher frequencies. RE1C002UN’s 

switching losses at 100 MHz are dominated by the gate 

dissipation. The gate current spikes of RE1C002UN are 

up to 30 mA for charging and discharging gate 

capacitance. Bipolar transistors have a constant base 

current in the on-state which causes an additional 

unwanted power dissipation at DC. During switching, the 

base current spikes of HCBT are lower than 6 mA, which 

is considerably lower than in MOSFETs. The output 

voltage falling edge of RE1C002UN is delayed more than 
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HCBT’s. This is caused by the stored charge at gate 

capacitance holding transistor in on state for some 

additional time. Such a disadvantage is inherent to 

MOSFETs degrading their performance at high switching 

frequencies.  

Since the input signal shape is far from an ideal square 

wave, the decrease of efficiency at higher frequencies is 

partly caused by finite signal rise and fall times. In order 

to determine the transistor contribution to power loss, the 

efficiency is calculated by neglecting the switching delay 

caused by transistor transient effects, i.e. assuming that iB, 

iC and vE are defined by resistive components only. The 

efficiency of HCBT calculated in that way is 

ηideal = 85.63%. Since the measured η = 79.07% for 

HCBT, the contribution of transistor itself to efficiency 

decrease is actually 6.56% at 100 MHz. Fig. 18 (a) shows 

calculated ideal HCBT’s dissipation compared to the total 

dissipation with its components. It can be seen that the 

power is dominated by the collector-emitter dissipation. 

The discrepancy between the calculated ideal dissipation 

and the measured one during turn off is caused by the 

base charge holding transistor in on-state, which is 

purposely neglected in calculation. Similar analysis is 

made for RE1C002UN with the results shown in Fig. 18 

(b). The ideal dissipation closely follows the drain-source 

power dissipation. The calculated efficiency 

ηideal = 67.24%, compared to the measured η = 54.31%: 

Therefore, the contribution of RE1C002UN to efficiency 

decrease is 12.93%, which is dominated by the gate 

related losses. 

 

 
Figure 15. HCBT and RE1C002UN measured voltages at 100 MHz. 

 
Figure 16. HCBT and RE1C002UN calculated currents at 100 MHz. 

 
Figure 17. HCBT and RE1C002UN power dissipations at 100 MHz. 

 
Figure 18. Calculated ideal power dissipation compared to the 

measured dissipation at 100 MHz: (a) decomposed power dissipation of 

HCBT, (b) decomposed power dissipation of RE1C002UN 

V. CONCLUSION 

The analyzed bipolar transistors exhibit lower 
switching losses for high-speed switching at frequencies 
above 10 MHz, exhibiting a potential to increase the 
efficiency of high-speed switching circuits. In order to be 
the most competitive, the employed technology should 
have a minimum cost, where HCBT has the advantage 
offering the lowest cost BiCMOS technology platform. In 
this way, high-frequency switching circuits such as ET 
can easily be added into existing CMOS technologies. 
Since HCBT has already been demonstrated to work 
remarkably well in RF PA circuits [10] this opens a 
possibility to manufacture entire ET RF PA system in one 
technology, such as HCBT BiCMOS, with optimum 
performance-cost trade-off. 
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