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e To Improve upon the RTL circults,
DTL circuits are Iintroduced iIn this
chapter.

e The fan-out In RTL gates was
relatively low.
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For [V, =V}, (ON)+VDL(ON)<VBE (FA)

< V) <V (FA) "Vx <Vige (FA)+VDI (ON)

D; is ON,
Vee ? \Vu_ =V (FA)l Von =Vec DIL I; Q, are OFF
Re ~
v, V, =V, (FA) B D; & D, & Q; are ON (FA)
D, + For< X VBE (FA)+VDL (ON)
<4 4 v v
I V 1 VcE o, £f
' 5: - Von =Vee Qu(off)
Q| Vo (ON)+VDL(ON) Ve (Sat) :
Vig =Vee (sat)l D, is OFF, Q, (sat)
VI ZVIH ‘ DIL is ON VOL _VCE(Sat) ........... \.ql > VI
VOL :VCE(Sat) Qu s sat V'L VBE (FA)/' BE (sat)/




If at least one input less than Vg (FA),
! then Q, is off. i.e. I.-=0
RC ’
RB% V,, =V
V, oH — Vee
DI DL +
—1¢ Ql Vee
—d —
) \ )
Y
AND Inverter




e Noise margins:
Low noise margin
High noise margin ~ [Yaun =Voru —Vi

VNML :VIL _VOL

V
v 4 Q,(off)
VOH _VCC

VNML — VBE (FA) _VCE (Sat)

VNMH :Vcc _VBE (Sat)

o improve the low noise margin, another
ijode is connected in series with D,.
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The additional diode D,, increase
¢ Vec both V, and Vy, by Vg, ,(ON), i.e. The
R VTC shifts on the x-axis by V, ,(ON)
R, ¢ Low noise margin is improved, whil
A the high noise margin is still
D, | D, D, e * accepted.
—] - —Q, V., Ex:Ve(sat)=0.2V, Vg (FA)=0.7V,
R _ ge(sat)=0.8V,V =5V,
D
= Without D, With D,
VEE(_)
en Q, is switched from saturation VNML 20-7—0-2VNM|_ =1.4-0.2
cut-off, the stored base charge
ust be removed in order to mak :O-5V1.2-o.5=140% =1-20V_
the switching faster. A resistor R, 0.5 140% ncrease]
-) are added. _ _
e (0) Vi =5-0.8 | Vyy =5-1.5
=4.2V =3.5V
3.5-4.2

=16.7% |_{16.7 % decrease
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The fan-out can be further improved by replacing the level-
shifting diode D, with a BJT Q, and splitting Ry into two resistors
a pRg and (1-p)Rgz, whose sum is Rg.
@) Y, _
7 ‘cc The BJT Q,, provides more bas
current to Q,., i.e. Q; sinks mor
B R é current from an output load-> fan
° out increases. Q, operates in

é Rc forward-active mode (Ve<V¢)
(emitter-follower configuration).

If p=1, Q, acts as a diode (D,,)

When splitting Rg: the input
resistance Rz seen by Vy (low)
remains the same.

When V>Vy,y: Q is ON (FA)

/




Transistor Modiii

e Example ¢ Vec
Determine Vg, Vo, ,V;, and Vy, for 'ORB%
6 TMDTL , assuming Vg(sat)=0.2V, é R,
Vge(FA)=0.7V, Ve=5V,V,(ON)=0.7V (1—p)RBé
D
: N | | }/QL .VO
e Solution | \ D+
Von =Vec Voo =Vee (Sat) ’I I\?l Vee
Vi =-Vy, (ON) +VBE,L(FA) +Vp (ON) +VBE,1(FA) Ro %
V, =14V —

VI — _VDI (ON) +VBE,L (FA) +VDL (ON) +VBE,1 (Sat)
8 V"_| =1.5V
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The VTC is similar to the basic DTL
NAND gate, (refer to slide 5)

When any input is low, then Q, , Q; are
off. Therefore, Vo =Vc.

6
When all input are high, then Q_ (FA),
Q, (sat) are ON. Therefore,
VoL =Vce(sat).
9




When the output voltage is at state
high, then the input diodes in the
load gates are reverse-biased

When the output voltage is at state
low, then the input diodes in the
load gates are forward-biased

Maximum fan-out depends on the
last statement

L
10 R_.7

PReZ
R
1-p)Ry ¢ s
L-p) = éz\ﬂ::
Vini . }/Q Vo =V
~14 \ I_Dl_ v— | i
VIN‘Z { | »I I\(gl |oL
v | RD%% M
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Input current low I;,
— VC;C _VI; (ON )_VCE (Sat)

] I IL Rr
B
9 TVCC TVC’C
i Z R, RS
Re Re
R L I [ =
Vi, O Vo=Vi ||vy O :
N1 Q. IN I{ \QL S
| Lo 1
IN.2 I L |6 81’
Vv | D, R I\l | M Ro
SL o =
1 e




Input current low I;

2]
®
C

|, =
IL ,
Rg

_Vée ~Va[ON)~Vee(sa]] ;¢

© D

lé PR,

e ®
.e .
--------

i the voItage drop across
(1-p)Rg. .
~ VCC _VBE,L(FA)_VD (ON )_VBEl(Sat
PRy '
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7 e Example

Determine the maximum fan-out for driving DTL
gate, assuming:

Ve(sat)=0.2V, Vge(sat)=0.8YV, Vé_C
Vge(FA)=0.7V,V5(ON)=0.7V V=5V, : I
Rc=6KkQ, pRg=1.75kQ,(1-p)Rg=2kQ , Rp= SkQ, RS

B=49, and o0,,=0.85. : [ .

F— 1L _eel |

® Solutlon ........ ............ 2 (1_,0)RB

| :Véc _VE’)(ON)_VCE(Sat) . :' .

IL Ré JX
— _ : iy ;
I, = >—0.7-0.2 =1.093mA

13
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7))
©
e Example
Determine the maximum fan-out for driving DTL
[ gate, assuming:
©) Ve(sat)=0.2V, Vge(sat)=0.8YV,
Vge(FA)=0.7V,V5(ON)=0.7V V=5V,
Rc=6kQ, pRg=1.75kQ,(1-p)Rg=2kQ , Rp=5k&,
6 B-=49, and o,,=0.85. : 5
| :Vcc _VBE,L(FA)_VD (ON)_VBEl(Sat)
P' __ B B pR
| o = 5=0.720.7=08 7 g A - I,
1.75
., sat)zlEL—le.G—%zl.MmA
> 5 0p°
|4, =0.85x49x1.44———— =59.98—-0.8=59.18mA

o 508, s

14 |, 1.093
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Output high current supplied (I.-(H))
For High output,Input is low (V(sat))

~ Vcc _VD (ON )_VCEl(Sat)

IPRB( = R
B

Since Q, is cut-off, I;yc(OH)=0-> Iccotan(OH)=1,zg(OH)

Output low current supplied (Ic(L))
For Low output,Input is High

~ Vcc _VBE,L (FA)_VD (ON )_VBEl(Sat)
PRg

ee(L)=1 Jf) (L) W,




HW #6:Solve Problems: 6.1 , 6.5, 6.8,
6.12,6.14




