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Bnmitter Follower Drivers

The performance of a driver cireult depends upon

its abllity to switeh & lerge unumber of loed stages
with very 1little delay. In this report the fectors
affecting the mwber of stages that cen be driven

are discussged and pertinent mensurements are indicated,
The discusslon includes the single end complementary
enitter follower dyivera. '

A trensilent anslysis to determine the cause of the
oselllations in the emitter follower is also included,
From this analysis and the knowledge of the load ime
pedance on the emitter follower, it is possidble to
deotermine whether the problem of oscillations will be
serious for any particular applications., Experimental
data to varify this analysis is also included,
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SINCLE  EMITTER FOLLOWER

The emitter follower driver with & typical load stage connected to its output
is shown in figure #1., The size of the resistor "R" in the emitter follower depends
vpon the nusbexr of lood stages that will be riven., A standard logical block is

shown preceeding the driver stage,

NUMBER OF LOAD STACES -

A power supply voltage of -6 volts has becn tentatively established for the
Ygeries TO00" transistor cireuits, This voltoge on the collector, and the meximua
power disslpation for the drift transistor, determine the maximm current that cen
safely flow into the emitier follower. In order to cbtaln symnetricel rise and fall
tines, the cwrrent source (I) in the emitter must be large which limits the dbase
current permissible from the loed steges. These requirements limit the theoretical
muiber of load stages that can be driven to nine stages. The optimum value of "R"

for lozd stoges from one 1o nine ore listed in table 1,

As is shown in the following parvagraph, six load stages seens to be the meximu
thet can be driven, Therefore a value of "R" equel to $.1K olug would be used in

this circult, since up to four lond atages can be driven by a standard loglcal stage.

EXPERIMENTAL RESULTS =

The eircuit shown in figure #1 was set up to observe portinent waveforns, A
reglstor was added in series with the line connecting the emitter followver to the
load atqgea in order to damp out the cscillations to a neglipible value, Pictures
of the delay times observed and output rise and fall times were taken and are shown
in pictures #1 through 3, It can be scen from the pictures that the fall time at
the output of one of the nine loed stoges 1s slow (30 musec), This is due to the
size of the resistor "R" (6.6k ohms), When this resistor wes decreased in value

to 5.1k and 6 load stages were driven, the output rige and fall times were both within
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the required 16 musecond Llimit, From these experimental results, it is cone
cluded that & moximum of six load stages can be driven by the single emitter

follwwor,

- It should be poluted out that the deley through the emitter followor
driver is very short (epprox, 2 musec,) The delsy mensurements shown in pioe

ture {2 ere taken through two logleal stages plus the emitter follower driver.
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COMPLEHTARY BMITVER FPOLLOWER

The complementory emitter follower dyriver is shown in figure 2 with a

logleal block prececeding it and a typileal load stege comnected to its output,

NUMBER OF LOAD STACES w

The complementary emitter follower has en sdvantege over the single emittor
follower in that a cwrent source is not neccassexyy in the emitter lead, This
moang thoat all of the current through thé PP trongistor in the complementary
enltter follower can be supplled by the base curront flowing bock from the load
stegens, This Peaturo mokes 1t poosible fop the complementery emitter follower
to drive eonslderably more bascs than the single emitter follower without exe
ceeding the power dissipation rating on the trausistor. The theorcticﬂ.llnmimwn
nuber of load stages is 19, which was de&twnmed by using MAC eircult design
and 5% vesistora,

EXPERIMENTAL RESULTS = |

The eircult in flgure 2 was set up to observe pertinent weveshopes. With
19 stages connected, measuremeonts were mode of the delay from imut to output,
and »ige and fall times at the output of one lowd stape. The effect of the
damping vesistor (20.1) in series with the outziut .of the compleventary emitter
follower was aleo observed, These waveforms can be scen in pictuves #l through 6.
The oircuit was cepoble of driving the 19 load stages vevy fast, The transistor
power dissipation rating seems to be the modn 1imitetion on the nuiber of lood
stages that can be driven by thils driver cilrcult. If precislon rosistors were
used in the MAD elveuit desigun of the cimuité instead of 5% resistors, several
more loed eteges would be permissible on the driver. It is felt that the cunmleu-
mentary emitter follower would be mble to drive these additional lood mtoges with

only a ulight dacrense in speed,
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TRANSIENT ANALYSIS OF EMITTER FOLLOWER

The purpose of this analysis is to determine the cause of the oscillations
in the basic emitter follower circuit, When the cause hos been determined,
nythods of eliminating or minimizing the oscillations will be 1nvqut1@ated.

DQUIVALENT CIRCUTY = |

In the equivalent circuit of the emitter follower (shown in figure 3) it
is eseumed thet a current source is driving it and that the load can be repre-
sented by o parallel R0 network, As a simplification, the emitter resistor
"ra" will be peglected, and therefore U snd 01 cau be combined into one copae

\

eltor "0", (
Two node equations can be written from this equivalent oircults

Vi Vi-Ve
'I = R * Ng

i VA',-'VO V.—V,; _\_/_9__ &Vn
2. J=ch nm)t /\alfr RL+CM

By substitubion and use of Leplace tyansforms, the following expression
nust be sstisfied to insure that oscillmtions will not ocour.

a
) ! ~. Yo
[ RC T RC +w(|~°<)] = R.c
vhere R/= ﬂs*‘R
LT W
R. © R TR

By defining a factor "X" such that e L » the above expresalon can

ba yeduced to
j -t = X (2-X)

A plot of "X" versus " o " gphowa that the curve is bievalued, This plot
is ghown in mayh #1. ‘
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PROCEDURE FOR DESICN WITH CURVE =
1. From the transistor date,N\p, o , W, and O, mst be known, although
Co Will alwnys be negligible compered to €. in power driver epplications,

2, 2, Colculate "X" fron
' |

X =\"TR< wvhere (C=C_+(C,
LI S
R. ~ R. R’
R’ = Ng +R

3. Knowing X, gee if the operating point lies in the overdarped region,

CONCLUSIONS w

When the lood cepacitance 46 very suall, it may be possible to operate in
the overdamped vegion on the upper pert of the curve. Inoreasing the load capa-
~ eltance wbuld then move the opemting point into the oscillatory region, For
more heavier capacitive loads, the operating point moves out of the osoillatory
region into the lower overdarped regilon, This agrees with experimental results,

@8 can be secn in plctuve #7.

Nine transistors vere checked for the upper value of load copacitance that

- would place them in the lower overdamped region of the curve; From their known
parameters, "X " was calculated and these experimental values are shown on the
theoreticed curve plotted in graph #1. These points lle Just inside the boundary
between the oscillatory and overdonped region. The spproximations made in the
analysis could eccount for the slight discrepancies, and also the fact that a
near anslysis was epplied to a nonelincer netwoyk, The emvimeixtal results
dlaa verificd that a larger capaoitor was necessaty to prevent the omilla.tiqna

‘for the higher velues of "o®, a8 can be scen from graph #l,

Therefore the emitter follower seems to be a good driver for light and
heavy 10&::1»‘, but needs soue externnl network for intermedinte loads to damp gut
the oscillations,
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_ For those interested, the conplete trensient analysis is included in the
eppendix, This analysis is also reported on in “Handbook of Semicondustor
Blectronics” in the chapter on switching circuite by J. €, logue « (pge. 15«36
to 15-38).
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FIGURE 111 ¢ EQUIVALENT CIRCUIT OF BASIC EMITTER FOLLOWER

TABLE 1 ¢ Value of "R" in single emitter follower driver for different

nunber of load stages.

NvMBER VALUE of
LOAD STAGES " R (oums)
3 3k

I S B

S S L

__ 6 AL

G BN 1 S

8 | 63|
9 6.8K
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WAVEPORMS FOR BINCLE ENDED EMITIER FOLLOWIH DRIVER:

1, Rise and Fall tioe at output of oue lood gtoge - (5 volte/em)
a) with 9 load stages (R » 6,8 K) b) with 6 load wtages (R w 5.1 K]

x'iaa tima w 12 mec
fall tima w 30 uuseq fall time » 16 nmusec

vise tim w 16 musea

2. mlayﬁimhmmutm YA" %o output of one losd
: NEWMWM

20 wpwea/om N

3. Waveform st output of emitter Follower ("B") for 9 losd stages

a) withawbnnaaa | h) with R » 33 .\
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APPEIDIX

Tronsient Analysls of Boittor Foll.ower

The equivalent circuit of the basic emitter follower being driven by &

current source and hoving & lood that can be represented by a paraiilcl Re(

nctwork is shown in figure #3. With "l “ neglected emd Cc and C. ocoublned

into oune copacitor "O", the following node equations can be writtent
Na o VicVe | |
I-= R A

vv_v..J, Ve Ve
'|ak( J-\ﬁ'*'“ﬁ:'*C""“"‘&x_

By transposing end solving for Vy from equation #1, we cbtain

LRI I

Vi = t\/]“ f\;@)(»’{:"'R

- ol

1. .a?_c.,[ (rmw) V] - Vo - (I'*%‘; f‘)g'H?) L/_,__,_ N

Ne Ty N

By the use of Leoplace transforins, thls becones

R Vo (3)
W v Jol>)
Na (ReNp) oy = Neg

oL R T,
Sv w(i- o“) Np+R e+

vo (s) - R R

V. (5)

c %

= A, T RaR i T Mﬂa(ﬂ3+ﬂ)v'(s)+ =" 4+ sCV®

[



Factoring out I (8) and V, (8) and canbining gives =

oA w R R \ AW {

—————— - - + Sn—————————

I‘”[s«w(p@ NatR *nmﬁ] V“’[na * ey TR T SC+ Toa-n e
of LW 23

Multiply throﬁgh by 8+ w(l-d) e | T % G- henetd

- dwR s+w<\ 4) R{S-«rmn—aﬂ' S+w(=a)
I Ng+r R na+ggs+w(‘ d)}] V()[. Na(nNg+R) v Re

AWR -
-d
+ SC{S“”(. )} M Ns  Na(ne+R)

THIS Bécomes~b
2 __\___ _ ‘R + __L_
I“')[Rm (S“")] = Vo) S°C + SLRe ™ Matnaemd © RC +cwa-n}

L el ai) Rw(i- -4y Wi ), dw _ dwR
Na l\a(ﬂm‘“) Re Na  Ne(Naek)

Dividing through by ¢ and aolving for Vc, (8) gives
) (s+w) I(s')

Vo<5) - C.('r\ +Fi
xS | - s R+ w0, D () ol
. M [ngc ( nw) 5] + Thee \I- nm-R)
Bince | - — = =F the denominntor becomes '
Nati ’ -
ath Ng+ R Q(' nafR‘
. \ ] W (-4) w(1-o W
v sl ¢ e w0 2l o
S [(J’\cﬂ-R)Q R € ( B+R>C R.C * (Na4R)C

OR -~

2 { ! ] (1=l
- + W
S_ +5 [Q"a«i-ﬂ)('- RuC (1-a) + R)C -+ R.C

Working on the denominator only, the roots ave

— — | i 2 -
-lme * fuc *wC-0] \{[O\nk’)c + e o] - L*[(na(:;)c e )

2= . s

o}
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M.ree conditions are possible, If the radical is negative, an cscillatory
condition will exist, If the square root is zero, the cireuit will be eritically

dasped, sud if it ie positiva, the circult will be overdanped. Theraef'ore, to

insure that oscillations will not occur, the following equation must be satisfieds

bt r——— i

i S
I | a ) wWh-d)
L -~ m—————
[(nmﬁ)c s + o (1 o\)J = 4[0’\3-&&)«: + R_C J

| | a
By letting R’= Ng+R and D= R7 * R, this becomes

f z T | o
[ RoC 'H““’(““d)] = T |’ T _ﬁ:]
‘ TR SR Y
If the load 18 such that g’ © R, °° R, , then
YR
{—J— s D ke
Rac R“ ]
a
By letting X w = R.C °
[ ! - % it
L LTS ~
e AT s b
-- X'RoC X *(R.Q)
Taking the square root of both sides gives «
| . . L'o( -_:-:h; 2
Roc- XRQC XR,,C_
ancelling the R0 terms »
|- o4 = X (2-X) \
: viere X = (R, C
Ao i
| Ro ° R. ¥ 77
Thie éﬁu&ittunmplabtedxm on graph #1, - RO JleeR

WCBteme
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