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Active Devices:  

Bipolar Transistors  
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HBT Physical Structure 
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Bipolar Transistor: DC characteristics: common-emitter 
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HBT hybrid-Pi equivalent-circuit model 
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Bipolar Transistor T-model 
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The approximations above, if taken to first order in , produce the hybrid pi model. 

The T model is more convenient for common-base amplifier analysis.  
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How model varies as emitter area is increased 
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Active Devices:  

Silicon  MOSFETs  
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Planar Bulk MOSFET 
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MOSFET DC Characteristics 
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 Knee Voltage: Mobility-Limited Case 
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 Knee Voltage: Velocity-Limited Case 
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DC Characteristics---Far Above Threshold 
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MOSFET Transconductance 
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Linear vs. Square-Law Characteristics: 90 nm 
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90 nm MOSFET DC Characteristics 
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Device Structure and Model: multi-finger device 
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Active Devices:  

III-V  

Field-Effect Transistors  
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FET with Heterojunction for  Gate Barrier→ HEMT  

gate. and channel betweenbarrier for 

tionheterojunctor semiconduc  withFET
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drawing: K. Shinohara, HRL 

N+ InGaAs contact layer 

InAlAs gate barrier layer 
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HEMTs: Typical interdigitated structure 

gate 

drain 

source 

Note multiple gate fingers.  
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HEMT: approximate equivalent circuit model 

Idss. Cgs, Cgd, gm, Gds all scale proportionally with gate periphery 

Ri, Rs  scale proportionally with (1/ gate periphery) 

Rg scales proportionally to (gate finger length)/(number fingers) 
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HEMT DC-IV characteristics 
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Figures of Merit  
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Transistor figures of Merit 

Transistor small-signal bandwidth is typically stated in terms of 

the figures of merit f and fmax 

In order to understand these figures of merit, we must introduce 

device power gain. 

These power gains will be studied in more detail  

later in the course. 
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Definition of short-circuit current gain 
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Variation of H21 with frequency: Bipolar Transistors 
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Current-gain cutoff frequency: Bipolar  Transistors 
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Current-gain cutoff frequency: Field-Effect Transistors 

N+ source N+ drain

source contact (silicide) drain contact (silicide)

N+ poly
gate

gate metal
(silicide) dielectric

sidewall

gate oxide

P substrate

)(2 gdgs

m

CC

g
f







CgdRg

Ri

Cgs Vg’s’

gmVg’s’ Gds

Rs

G

D

S

Csb

Cdb



ECE145A /218CA notes, M. Rodwell, copyrighted 

Maximum Power Transfer Theorem 
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Impedance Matching 

Maximum power transfer can be obtained by adding a  

***lossless*** (no resistances) impedance matching network 

between the generator and the load: 

 generator load
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Maximum Available Power Gain (if it exists) 
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The transistor or amplifier is connected to generator and load via lossless 

matching networks. If it is possible to match at both input and output, then the 

power gain is called the *maximum available gain* (MAG) 

 

Detailed microwave circuit theory  (see later notes) indicates that this 

procedure often produces an oscillator (if the device is “potentially unstable”) . 

In that case we must define Maximum stable gain 
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Maximum Stable Power Gain (if MAG does not exist)  

If the device is potentially unstable (usually due to strong feedback through 

Cgd as indicated), addition of a minimum amount of series/shunt resistance to 

the device input/output will prevent oscillation, and the device can then be 

matched. The resulting power gain is called the  

Maximum stable power gain.  
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Unilateral power gain 
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If the device is potentially unstable (due to strong feedback ), addition of 

lossless reactive feedback as indicated can cancel the feedback and prevent 

oscillation. The device can then be matched. The resulting power gain is called  

Mason’s invariant power gain **or** the Unilateral power gain , U.  
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Power-Gain Cutoff Frequency (Fmax) 

This is the frequency at which the device Unilateral power gain reaches 

unity. 

 

The maximum available gain (either in the forward or reverse direction) 

also reaches unity at the same frequency  
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Power gains of a typical transistor 
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The inflection in the curves is the break between unstable (MSG) at lower frequencies  

and stable (MAG) at higher frequencies.   

MAG/MSG  is directly relevant for RF/microwave/mm-wave IC design.  

 

Because U has -20 dB/decade slope, it is used to extrapolate measurements to determine fmax 

fmax 
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End 
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Appendix 

(optional) 
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Bipolar Transistor 

Operation 
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Bipolar Transistor ~ MOSFET Below Threshold 

ceV

voltagecollector  with little  varies

it through pass base reaching electrons allAlmost 

)/exp(

al)(exponenti  thermalison distributienergy  emitter  Because

c

bec

I

kTqVI







ECE145A /218CA notes, M. Rodwell, copyrighted 

Bipolar Transistor ~ MOSFET Below Threshold 
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HBT Equivalent 

Circuit Model 
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Physical structure, symbolic 
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Bipolar Transistor DC-IV Characteristics 
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Bipolar Transistor:  Carrier Transit Times 
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Base resistance & collector-base capacitance  
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HBT RC Parasitics 

base contact width  

< 2 transfer lengths 

→ simple analysis 

Limiting case of  

 Pulfrey / Vaidyanathan 

fmax model. 
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HBT RC Parasitics 
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Base-Collector Time Constant &  Fmax. 
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Relationship to HBT Equivalent Circuit Model 
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Field-Effect Transistor 

Operation (Approximate) 
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Field-Effect Transistor Operation 

source drain 

gate 

Positive Gate Voltage 

→ reduced energy barrier 

→ increased drain current 
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Field-Effect Transistor Operation 

source drain 

gate 

Positive Gate Voltage 
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FETs: Basic Operation 

chdC  

 /        where/ electrongd vLQI  

 /~ DACgs 
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FET Characteristics 

chdC   /~ DACgs 

dsdsgsmd VGVgI   
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VDS
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FET Parasitic Capacitances (Estimate) 

oxgm TvWg /~/ 

oxgggs TLWC /~/ 

~/, gfgs WC

subcgsb TLWC /~/ 

~/ ggd WC


