6.301 Solid -State Cir cuits

Recitation 25: More on Charge Control and Space-Charge Lasers
Prof. Joel L. Dawson

Firg, let@®do some cleanup from the lagt recitation. We said that we would treat the problem of
emitter switching asan example of how to use the charge control equations.

le

I.u(t)

Note that from our experience with Lab 2, we might expect this common base sage to be relatively
fas. What does charge control have to say about that?

Use charge-control equationsfor emitter current. Notice that | follow my own sgn convention
hereEl chooseto define current flow out of the emitter as postive.

d
iEZQF(i+iJ+ 9 = I.u(?)
T, Ty dt

If we olve this, we find that

qF:TIE(l e’“f)

Where ! isdefined by
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Writing thisout:
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So the time congant involved issmaller than ! ,.! Recall that the time congant assodated with base
current drivewas 7, . Now we have all we need to calculate i :

== 1 (1re )

" F
And for i,, we apply KCL (again remembering the 9gn convention that | have chosen)
iy ¥io =iy ! iy =i, i,
=1, —o 0, (1-¢")

Initially, then, the base current = i, !

CLASSEXERCISE

Congder the following circuit:

I o=
" F
S . qp qu
ZB—
e o dt
I e 1 1& dy
: ! g,

At time t=0, we open switch S;. Derive and sketch |c asa function of time.
(Workspace)
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T ake a moment to remind yourself of what is phydcally happening. We have assumed that
recombination in the base isnegligible. Thus the collector current continuesjug aslong asit takesto
clear g. out of the base via reverse injection.

Space Charge Layers

This unfortunately, iswhere thingsget messy. The upsdeisthat working through the math here will
give you a very detailed undersanding of what goeson in a bipolar tranggor.

Recall that the BC and the BE pn junctions have capacitances assodated with their depletion
regions. We are able to define a nonlinear, voltage-dependent capacitance assodated with these
depletion regions, and relate charge and voltage as

dQ =C(V)dV
To figure out how much charge it takesto get to avoltage Vo, we mug integrate

[*s0= v

Vo
Q= J, Cvydv
Asa check, we note that with a capacitance that isindependent of voltage, we have

0,=1"Cav=C|"dv=cV,
Just as we expect.

Now for thisBJT , we have

dvc

_|

v
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We have to gore charge ¢, on C,, and ¢, on C,, (part of C, ). Thischarge hasto be supplied to
the base, and that iswhy these capacitances are relevant to ushere. For C,, we have

C _
C - HO = C me _ V me
u (1 _ VBC / l//c )mC /JOWC (WC BC)

If wee curious about the charge on C,,, we mugt perform the integration

J'ch dQ/c _ J'(:/BC C#(V)dV

0

Cuo‘//mc

and m,” =1—m,
I-m,

Where K. =

That@a lot of work, and for what? Well, for one, we can now write down the charge on these
nonlinear capacitorsasafunction of V,, and V;.. A typical m,. for a base-collector junctionis1/2,

and for a good base-emitter junctionis1/ 3. We have

Q/c = K¢ |:l//cl/2 - (Wc _VBC)I/2i|
Qe =Ke [WEM - (WE _VBE)2/3:|
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And the additional charge control terms

l' - dQVC + dQVE
Bt dt
_ dOy,
—_ dQVE
T

Ultimately, these mondrous expressonsfor Q,. and Q,, will be useful because, once we compute
thetotal charge necessary to get to a particular V,. or V., wewill siveep the nonlinearity
completely under the rug.

Thiscalls for an example.

Condder the following circuit with a base current drive.

iy = 200uA
R R, =1k!

Ve, =10.2V

"» =100

" =5

#. =1ns

#, = ons

#, = 29ns

We ask, how long doesit take to get out of cutoff?In order to get out of cutoff, V,, mug equal
600nV. In order to get V,, to 600mV, we mug charge Q,, and Q,. appropriately. T he total
amount of charge needed is

I Qe =Q(0.6V)" Qg(0V)=3.8pC

FQe=Qc("9.6V)" Q,("10.2V)=0.6pC
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Total charge that must be supplied by i, to get out of cutoff: 4.4pF.

And here iswhere we sweep asde the nonlinearity. We say that

— A_Q — AQy; + AQ,c

At
Iy lg
4.4
= pC =22ns
0.2mA

Goodfor a ballpark figure.
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