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The TTL circuits provide

Increased fan-out.

Improved transient response.
Reduction in chip area.

Inclusion of an active pull-up circuits




BE of Q; is
( ) CE'(Sat) forward- bfased

=1 V1 For typical values of Ry, Ig
. is in mA, Q, is sat.
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For V, >V,, BE of Q is reverse-biased ~ V, =05V 7 \ /
Inverse-active mode (RB) V,, =0.6V

For <




i ]
oeThe input and level-shifting diodes are replaced by Qq
»The Q; BJT requires less area than the two diodes /




saturation to cut-off, the st -ed base charges in C; must b
removed.

C.l = sg_f\_/EE.l(_Sat)_YBc.,l_ _\_/B.,I_ _\ZC.,.I = Ve, 1\ A "'Vu_ —Vee 1(Sat) ve--aVe =0V
BC junction of Q; is slightly
forward-biased but insufficient to b: ( cc ~ Ve, |(FA) VCEl(Sat)}

urate Q, > is F.A. : 'B
§ ————QI———QI— ———————— DISCharge current ICI —é

—
hen V; changes from High~(V,,) to Low (V;), Q is switched fron;‘




e Example

Calculate the improvement factor in
stored charge removal for TTL over DTL
circuits assuming:

ce(sat)=0.2V, Vgz(FA)=0.7V, Vg(sat)=0.8V,
Vec=5V,Rg=2kQ, Rp=5kQ, and B=50.

e Solution

In DTL Iy, :VBE;Q(Sat) = 058 =0.16mA
D
In TTL | _ VCC _VBE,I (FA)_VCE,l(Sat) _ 5-0.7-0.2
C,I — ﬂF R - 50 2
B

lc,, =102.5mA @Improvement factor= 640.6




If at |least one input is less than V,, then
the Q, is off.

If all inputs are greater than V,,, then the
Q, is sat.

Vo =Vee (Sat) ’

Multiple-emitter BJT requires much less chip area than using
individual transistors for each input
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Rep =0.1xR ' Vee In basic TTL: Cgq |
R é R, charged through R
B R
= =R xCgq
v Q , . Qr Initial charge current
IN1
| r l:. QS | :Vcc _Y(_:E(Sat)
Vina A 4 Vv “Re.
L L0
D A "~ In standard TTL: Cgq
1 LD, " --v- |lis charged through R
A ¢ Qo -—r- CP
LA :CEQ =R ><CEQ
Z o Tew®
D . i1l Initial charge current
.Q.?B?..C.'.F.?.UE?I
= | _Vcc _VD(ON)_VCE,P(Sat)_VCE,O(Sa't)
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Since Rqp << R, standard TTL has much smaller rise time
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Function of Qg: \

It is a driver splitter

oProvides base-current

to Qo
Q. oPull-down of Q,.

Q
Vit ’ 4 »Shifts the transition
-—1—‘( r( Qs region of VTC from
—> (0.5-0.6)V to (1.2-
1.4)V to enhance the
noise margin

A >
D, D ¢ _ vL_ | Qg drives only either Qp
N 2 )\ Qo --r- (FA) or QO into sat
I\ :CEQ When Qg is sat, Qg is
é RD presees Loald ........ aISO Sat and

= VC O (sat)
Q. is cut off




4_.-III|II‘

Function of R: \
Ree In basic TTL, the stored
charge of Qg s
Q. removed by Q;.
"
In STTL, Q; no longer
A 4 sinks the base current
Vv, of Qg, Therefore, this
RN removal is done by R,
N since Qg is not heavily
. ---- | sat.
L‘Qo "-C
IVEQ
gt
..C.JEB?..C.'.F?.!‘.E?.

W,
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Function of D, & D,: \
Rer The clampi i
ping diodes
are used to limit the
Q negative swing of the
N input voltages to one
diode drop below
ground
A 4
*.VO
\
"
L‘Qo "-C
IVEQ
gt
Capacitance

W,




Vo
When V; is low:

_ [VCC ~Ve , (sat)-V, j

Rg

B,I

The collector current I, of Q; is
le) =—lgs(scr) <<Lrlg,

Therefore, Q; is sat.

VB,S :Vu_ +VCE,I (Sat) <VBE,S (FA)

Qs and Qg are off.
Vorn =Vee _VBE,P(FA)_VD(ON) lgp ) = ] ( ) ’D‘\

12 (Neglecting Igp.) ~10MQ




VIL

As V; increases to :
V, = _VCE,I (Sat)+VBE,S (FA)

Q. starts conducting
Vi :VBE,S (FA)_VCE,I (Sat)
2 Q; & Qg are ON, Qg is OFF

As V; increases further to :
Vi = _VCE,I (Sat)+VBE,S (FA)+VBE,O (FA)

Qo becomes FA

Vig =2V (FA)_VCE,I (Sat) @
Vig is called Input Breakpoint Voltage =X
og IS the output voltage that corresponds V;z can be found just as Qg turns ON.

VBE ,O (FA)

=l = R |l—> Vo =Vee —Relre _VBE,P(FA)_VD(ON)




VIH

Qo and Qg are sat when
V, = _VCE,I (Sat)+VBE,S (Sat)+VBE,O (Sat)

sat)—Ve , (sat)
S(FA) -V, (sat)
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e Example

Plot the VTC of standard
TTL circuits assuming:

Ve(sat)=0.2V, Vge(FA)=0.7V,
Vge(sat)=0.8V, V=5V,

Rg=4kQ, R.=1.6kQ, Rep=1008,

Rp=1kQ, and B=100.
e Solution

V., =5-1.4=3.6V
V, =-0.2+0.7=0.5V

Vg =-02+14=12V

Voq —5—0T7><1 6—1.4

=2.48V
=0.2V

Vo . Qo Qs (off)

V,, =3.6V

V,, =2.48V -

V, =0.2V

N Qs turns ON

VIL_O5V //1 \
Vo1 V=14




e Example

*Repeat the last example using
PSPICE

*Plot V4 as a function of V;

*Refer to pages 93-94 in the text
book.
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When the output is high, I;, is negligible.

Therefore, Fan-out depends on the output low state Vee
I:\)CP
f //"“\\\ ?
. I 72 . —_—
N Mo lo ,

| ’
IL 4
R_//

For the input low state, Q; is sat
and Qg is cut-off

le) =—lgs (; O)
_ _ VC;C _VB’E (Sat)_VCE,O (Sat)

I|L IEIZIRB_ ,
RB

Input current low I;,

17




Output current low I,

| . =1 sat) Since the output Q
oL C’O( )and D, are cut-off "

loL =00 Beleo (Sat)

VBE,O (Sat)

oo = s (sat)—

D

I (sat)=1.g(sat)+ I (sat)

.. (sat) = Vee —Vee s (sat)— Ve o (sat)

I, (RA): l s (Sat): g, (RA)

s (sat) = L+ K x S )x Iy =1+ KxﬂR)x[




e Example

Calculate the maximum fan-out of TTL circuits
assuming:

Ve(sat)=0.2V, Vge(FA)=0.7V, Vge(sat)=0.8YV,
Vec=5V,Rg=4kQ, R-=1.6kQ, R»=1209,
Rp=1kQ, B=25, Br=0.1, and 0, =0.85

e Solution

=0.743mA

5—-0.7 —1.6)

| (sat) = (1+1x O.1)><(

t)=0.743+2.5=3.243mA| |lg = 3'243_0_i8 _2.443mA| | loL =0.85%25%2.443=51.9

by
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Output high current supplied (I.-(H)) \

For High output,Input is low (V(sat))

Vcc _VBE (Sat)_VCE,O (Sat)
RB

Since Qg is cut-off, and Iy, is very small

ICC(OH): lps =




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

lec(OL)=lc(sat) + 145 (RA)
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e Example

Calculate the average dissipated power
of standard TTL circuits assuming:

Vce(sat)=0.2V, Vg(FA)=0.7V,

7 Vge(sat)=0.8V, V=5V,
Rg=4kQ, Rc=1.6kQ, R;=100Q,
Rp=1k€, and B=100.

e Solution
CC(OH):IRB:5—0.8—0.2:1mA l..(OL)=

5-0.2-0.8 N 5—-0.7-1.6
1.6 4
=2.5+0.675=3.175mA

22

 (avg)=0.5x4.175x5=10.44mW /




This is used when multiple output\
V gates must be ANDed
CcC
I:QC
2% 2,
This is accomplished by using
single pull-resistor with open
Q. collector TTL gates ‘Wired-AND'

Qs Vee
. 2




V This is achieved by increasing
cc resistor values by one order of

R magnitude
CP RBT RCT

< ucc(oug l'cc@ﬁ

ICC(OH)

Disadvantages:
Q 1. Fan-Out decreases (refer to slides 16 &17)
0

2. Switching speed decreases (transient
response gets longer)

Trade off exists between power
dissipation and transient response




VCC

CP

% e Previous example

Rg=4kQ, R.=1.6kQ,
Rep=100Q,Ry=1kQ

P..(avg)=10.44mwW

QP ...........................................................................
e Example
V, Rg=40kQ, Rc=20 kQ,
Rep=5009,Ry=12k®
5-0.8-0.2
Q, 1. (OH)=1, = 0 =0.1mA
I.(OL)= 5—0.220—0.8 ,5=07-16 _ (00 n

P, (avg)=0.5x0.368x5=0.919mW| /




I
High Speed [ = —

Ve o Using smaller resistances increases
R, the switching speeds
= R

nas
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» Using smaller resistances increases'

the switching speeds

o Using Darlington pair (Qp;, Qps)
instead of Q, increases the charging
current of the load capacitance

» Rgp is used as a discharge path for
the base of Qp,.

W,




Qo

V. ﬁ%ﬁ eExample (Prob. 7.18

QPZ
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Plot the VTC of the HTTL
circuits assuming:
Vee(sat)=0.2V, Vge(FA)= Vg(RA)= 0.7V,
Vge(sat)=0.8V, V=5V,
R=2.8kQ, R-=760Q, Rp=58%,
Rep=4kQ,
Rp=470Q, and B=70.
v, ® Solution

Refer to lecture class




HW #7:Solve Problems:7.1, 7.5, 7.6,
7.9,7.11, and7.12




VO QO / QS (Off)

V — Qs turns ON
OH NS

V .......... Qo turns ON
OB




