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Getting more bandwidth

At this point we have learned basics (MOTC etc)

How can we get more bandwidth…. ?
Resistive feedback
transconductance-transimpedance
emitter-follower buffers, benefits and headaches
emitter degeneration…basics
emitter degeneration and area scaling
ft-doubler stages..
distributed amplifiers
broadbanding / peaking with LC networks….
examples….
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Emitter Degeneration, I
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Emitter Degeneration, 2
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Emitter Degeneration, 3
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Emitter Degeneration, Summary
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Emitter Degeneration, Unbypassed emitter resistance

1
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can be shown  by elementary nodal analysis, work through…
Key observation: degeneration by this method results in a series
input resistance, which can increase Cbe charging time. 
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Emitter Degeneration, combination case
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Emitter Degeneration and Area Scaling 1
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emitter area =Ae
current density =Je
Current =Ae*Je=Ie
transconductance=gm
input capacitance=Cbe
collector capacitance=Ccb
base resistance=Rbb
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Emitter Degeneration and Area Scaling 2

Ce Re
emitter area =Ae
current density =Je
Current =Ae*Je=Ie
transconductance=gm
input capacitance=Cbe
collector capacitance=Ccb
base resistance=Rbb

Bigger transistor, before degeneration
emitter area =kAe
current density =Je
Current =kAe*Je=Ike
transconductance=kgm
input capacitance=kCbe
collector capacitance=kCcb
base resistance=Rbb/k
now degenerate:
Re picked such that (1+gmRe)=k
intrinsic transconductance=kgm
extrinsic transconductance=kgm/(1+gmRe)=gm
input capacitance=kCbe/(1+gmRe)=Cbe
collector capacitance=kCcb
base resistance=Rbb/k



ECE194J /594J notes, M. Rodwell, copyrighted 2011

Emitter Degeneration and Area Scaling 3
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Emitter Degeneration and Area Scaling 4: Emitter Follower Case
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Emitter Degeneration and Area Scaling 5: Emitter Follower Case
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Ft-doubler stages….the Darlington Revisited 

R1 RL R1 RL
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Recall the improvement in Damping provided by Ree….
…is there a larger lesson here ?
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2 Kinds of Darlington: 

If collectors are tied together:
AC collector currents of both transistors contribute to output :)
Both transistor Ccb's undergo Miller multiplication :(
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EF collector grounded
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Ft-doubler stages  2
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Ft-doubler stages  3
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Ft-doubler stages  4
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ft-doubler vs Darlington…thinking in terms of current gains:
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ft-doubler vs Darlington…thinking in terms of current gains:
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ft-doubler vs Darlington…current gains:



ECE194J /594J notes, M. Rodwell, copyrighted 2011

ft-doubler …correction for Base resistance 

Ree=1/gm1
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The indicated inductance is necessary for equal current splitting
between the 2 transistors in the presence of Rbb. In this case the
input impedance is Cbe/2 in series with Rbb/2…again note
that this correction is significant because RbbCbe>>Cbe/gm
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ft-doubler vs Darlington

What is the conclusion of all this ?  We can view the ft-doubler 
as a special case of the connected-collector Darlington with 
heavy emitter-follower loading: in this case the second-order 
(resonant) response is entirely suppressed.  More generally we 
might vary the EF loading to vary the damping. (The particular 
case of power amplifiers favors the ft-doubler due to efficiency 
reasons…) 
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Tuning: to prevent reflections, to peak gain
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Pi-section input tuning….

)/1 (hence
short issection -pi thesuch that  freqeuciesfor  Effective

)2(
2/2/

section-pi a into ecapacitancinput r  transisto theAbsorb

0 CZf

ZZCZL
ZCCC

o

ooino

obein

π

τ
τ

<

==
===

Cin=C/2

Rin=Zo

Zo

Rout=Zo

Zo

Cx=C/2

L

Gain flatness and match improved for f<fo, but made worse
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T-section input tuning….
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T-section tuning in feedback amplifiers

stability. reduced
isger FBAs...dan Ohm 50in  used frequently is This

)1)(2/(

)1(
:ionApproximatMiller By 

ALL
AZR

f

of

−=

−=

Cin=C

Rin=Zo

Zo

Rout=Zo

Zo
L/2

L/2

Cin=C

Zo
Zo

L/2 Lf

Rf



ECE194J /594J notes, M. Rodwell, copyrighted 2011

Bridged-T-section input tuning….
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Bridged-T-section input tuning….

Karthik Krishnamurthi
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Tuning Networks use Microstrip elements....
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Distributed Amplifiers : Theory

synthetic drain line

synthetic gate line

• HEMT input/output capacitances absorbed into artificial input/output lines
• broadband circuit ; gain/bandwidth limited by

HEMT resistive parasitics (fmax)
distributed structure Bragg frequency
input/output transmission line skin-effect losses  
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Synthetic Transmission Lines

transmission line section

line section inductance

• synthetic input/output line formed by transmission line sections
• transmission line

characteristic impedance
cutoff (Bragg) frequency   
delay

line section capacitance
HEMT input capacitance

L/CZ =
LCfB π/1=

LCT =



ECE194J /594J notes, M. Rodwell, copyrighted 2011

Transmission Line Loss

lossless line

frequency-dependent loss

frequency-independent loss
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HEMT Equivalent Circuit

• simplified equivalent circuit

gsm Cgf π=τ 2/ ids rrff 4/max τ=

• element values scale with HEMT size

•
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CS HEMT TWA
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CS HEMT TWA--LC equivalent
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CS HEMT TWA--SS model
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TWA…limits to gain and bandwidth...
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Undamped Darlington FBA
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Feedback Amplifier with Follower Driving ft-doubler
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80 GHz HBT Distributed Amplifier
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