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High-frequency analysis of emitter degeneration

How to treat the effect of emitter degeneration R, » ; VCCR C R C
on high-frequency transfer function. Bl C out L ~L
C, I Vo
To simplify the analysis, we will add an additional \| ! Vm —
small capacitor C, that may or may not actually be /1
present in the circuit; if it is not, then the analysis is approximate. $ Rgen $ R 5 R EAC —C £ v
&y Ven R C

EE
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The answer, before we get started o

€
. . Rpye —C
We will show that a transistor
In common emitter mode,
Gy oty c,gV, R
. . . e e c m be CE
with emitter degeneration. B

o
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/1
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o
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Can be modelled as a transistor,

without emitter degeneration.

E
Where |
~ . Rpse = C¢
Cb:gm:Fjbezl?ce: 1 T
C:be gm I:ebe R:e 1+ gm I:QEAC ~ ~ - ~
note that all impedances got bigger, . Coo By Cu 8,V Reg
and all admittances got smaller, o I ( o
by the same ratio. +
= 2 S
*Except™ that C_ *did not change*
v 4 v
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—C

The answer, before we get started 0_“ :

. . E
We will show that a transistor
In common source mode,
; . s C g m V S RDS
with source degeneration. G € =
| {
o 1 oD
+
| = 7, §
Can be modelled as a transistor, .
without source degeneration.
S
Where Rero =il
C gs _ RDS 1 \4
Cgs gm RDS 1+ ngSAC Ev C y i |24 }éDS
. . S m in
note that all impedances got bigger, G ¢ X
: o l( oD
and all admittances got smaller, A\
+
by the same ratio. A 5

*Except* that C, did not change. v \4
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The sub-circuit to be analyzed

ch
| (
I\
Model of bipolar transistor with emitter degeneration. | o Cpe R, &V e Rep .
. . i -~ % Vbe @
Note that C_ can be temporarily removed (disconnected) ; .
from the network, ...and then put back later. E
Ryye —
This is why degeneration does not change the effective
v
value ofC,. T e
Cbe Rbe gm Vbe RCE
Bo ocC
+
— % v, qv)
E
R C

EAC I\ E
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Deriving high-frequency model of emitter degeneration

Simplify the problem by setting R, = Rz = Q. C, gV,
Key assumption: R.,.C. =C, ./ g, s/, Gro ¢
-V,
Ze = Rll(1/SCe) = e =T _
1+sR.,.C. 1+sC_/g, — e
| 7 —i L
Apply input current | E T
step 1: V., =1.,/5C, v
Gy R,
step2: |y =1l =9 Ve =1,,-0,,/SC, I EAC |
Step 3: IE - Iout + Iin = lin(1+gm/scbe)
Rl (14, /C..) L, 8 G Zonl e
step4: Vo =1_Z =-—FCD m_——be .
1+sC../9g, I l=v y
in| 7T 7 e [ =gV, =g [ /sC
_ gm REACIin(1+SCbe/gm) :ngEAC | l - I out gm be gm in be
SCbe 1+ SCbe / gm SCbe ; g
_ oV =I (I+g /sC )2
step S: Vin =Vbe+VE: Im +gnS1CREAC Iinzlin[1+ngEACj : M( Eni = be) £
SCbe > » ZE l]in+loatt_]in(]+gm /Scbe)
V -
=7 :( ! ) where C__ = Ce l
Iin be 1+ ngEAC
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Deriving high-frequency model of emitter degeneration

5 Cbe ngbe c
V ~ O
=7z = L | where C,. = Cre A7
Iln be 1+ ngEAC I Vbe
____&AE
g On V. sC, e
step 7: | ., =09V, m | =_=Mm 1N _qV e 7 — 1
Y out gm be o in SCbe Zin gm in SCbe E E —T~ %
A
out =\/ln gm E CE R
1+ 9 Reac R =G
|« =0V, where §._= I 7 C v
o ' I+ 9, Reac n_g o s
Iiﬂl ;:_ Vbe I [oufzgm Vbe:gm]in /s Cbe
E

* VE :Iin( 1 +g m /S Cbe)ZE

E in

l L, +[Out:]in(] +gm /s Cbe)
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Deriving high-frequency model of emitter degeneratlon

So this...

...has the same characteristics as

(can be replaced by) this.

Cbe

ch gm Vbe
| { oC

)

=~

+

w0

I

e
REAC§ il CE
B v v
Cbe ch ;g;m Vin
k °

Cbe

where C,, = 1 R,
+ gm C

and

Im

1+ ngEAC
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Combining this with the low-frequency result:

A transistor
In common emitter mode,

with emitter degeneration.

Can be modelled as a transistor, o | (
without emitter degeneration. . (JF 5

)|
)

My
o

Where E
Cbe_gm:Fjbe_I?ce 1 R - C

— - EAC -1~ F

C:be B gm I:ebe R:e 1+ ngEAC

note that all impedances got bigger, ~ o~ -
he be

and all admittances got smaller, B

by the same ratio.

*Except™ that C_ *did not change*

0
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What about the capacitor C¢ ?

B
We have added the capacitor C. with the assumption <
I:QEAC(:E — C:be / gm
Rpyc 71: Ce
Note that R_,.C. <1/2xf_; a very small time constant.
— Removing C; only has significant effect at frequencies near f_ 5 Coo Ry Cu&Vie Rep
|
o 1t oC

10
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What about the capacitor C¢ ?

It is too detailed for ECE137B, but a more careful analysis

shows that, if C_ 1s not present, then the circuit can be accurately

modelled as shown to the right. 5 Cro R Cu &V Reg
o /{ ocC
Note the presence of R, in the *base™ of the resulting 1 $+ v 5
equivalent circuit. S
E

REAC
Cbe — gm — Rbe — Rce — 1 B REAC Cbe Rbe C(;b ng/M RCE
Cbe gm I:\)be Rce 1+ gm REAC o—\/V I ( O

\
/1
Vv
AN

11
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Example (1) o

RBJ 5 RC Cout RL CL
: C | ( 174
For now, low-frequency rolloff due to DC blocking i v I) I\ l 9l
and emitter bypass capacitance is ignored. 11 ; 1 T
$Rgen RB2 REAC
@ Vgen REE — CEE
v v T
=123 kQ
CE:Cin:CoutzooF Rbl 64kQ
V, =100 V. R = KO
B=100 Roen =
f =100 MHz@ I, =1mA e =8k2
C, =10 pF Reac =48 Q2
R =5 kQ

R =1kQ

12
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Example (2): Mid-band equivalent circuit

For now, low-frequency rolloff due to DC blocking

and emitter bypass capacitance is ignored. Vgen /Rgen Rgen Rin, amp m Vin RL,eq
@

Vi / R =V /1 kQ M s s (? gVo“"

Roarp =10 KQ 123 kQ || 64 kO

\4 \4 \
R = Roam | Ryen = Rinamp 11 k€2 =890 Q
6,V ==
48 Q+52Q 100 Q
Ry =RelR IR =R IR =1kQ||8 kQ =890 Q Small-signal parameters
Cy =10 pF
1/9,=26 mV/0.5 mA =52 Q
Midband gain Coe =0n /27, —Cy =20.6 pF
Vour _ —890 Q 89
V. 100 Q

in |mid—band

13



Example (2): high-frequency response
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Example (3): high-frequency response
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Vou(12721) _

Vin(127 1)

1— jf /160 MHz

(1+ jf /1.4 MHz)(1+ jf /176 MHz)

”Vout/vgen |, dB

-40 dB/decade—-_

/
-20 dB/decade
L Bl B AL L B L B LLLL BN B AL I
1 10 10

MHz MHz MH:z
frequency, (log scale)
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