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Transistor-Transistor Logic (TTL) and Other TTL Gates Basic TTL Inverter

Transistor-Transistor Logic (TTL)

m Transistor-Transistor Logic (TTL) which is introduced in 1965 in order to provide
increased fan-out, improved transient response and reduced chip area.

Vel
Vog=VoT™— VIC
Qowrr)
Qisam

Qora)

Qisamy

Vo= Va(SAT) Qosan) Qiray

| -
Vu=06 Vo (V)
Vp=05

m A basic TTL inverter and its VTC are shown in the figure on the left and right above,
respectively.

m Compare the TTL inverter with the DTL inverter in order to see how diodes Dy and Dy,
are represented by the base-emitter and base-collector junctions of the input transistor Q
which replaced these two diodes.
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Basic TTL Inverter
Vag(V)

Vou=Vee

When the input is low, e.g., Vix = 0V, base-emitter junction of Q; is forward biased,
however voltage at the base of Q; is not enough to turn on both base-collector junction
of Qr and base-emitter junction of Qo, so Qo is cutoff. So, collector current of Q7 is
zero, i.e., I,y = 0. Thus, Q; is in saturation mode (as Ic < BrIR).

Vee,0 =VIN + VoE,1(5AT) (while Vin < Vig)

m As Qo is in cutoff mode when Vi = 0V, the output is HIGH as Voyr = Vee.

When the input voltage is high enough, i.e., Vin = Vpg(ra) — Vor(sar), Qo goes into
the forward active (FA) mode and current Irc will start to flow. Then, Voyr starts to
drop with increasing Vi N as Vour = Voo — IrcRe.

If we increase Vi further, at some point (i.e., when Vin = Vpp(sar) — Vep(sar))
Qo goes into saturation and Q) goes into reverse-active mode. As a result, Vour
becomes LOW and remains constant at Vour = Vop,0(sar)-
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Transistor-Transistor Logic (TTL) and Other TTL Gates Basic TTL Inverter

Vou=Vo——  VTC
Qoworr
Qusar
Qoray
Qusam

Vo= Va(SAT) Qosan Qs

I -
Vi =0.6 Vo (V)
V, =05

m We can summarize the state of the active elements for output-high and output-low states
as indicated in the table below.

State of Active Elements for
Output-High and Output-Low States

Element Vog VoL
Qo Cutoff (OFF) Saturated (SAT)
Qr Saturated (SAT)  Reverse Active (RA)
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Transistor- Transistor Logic (TTL) and Other TTL Gates  Basic TTL Inverter

Vou=Ve——  VTC
Qoorr)
Qisam
Qowa

Qisam

Vo= Vo(SAT) Qosan Qunay

V=06 Va (V)
Vy=05

m Thus,

Vou =Vee
Vor = Veog,0(sAT)
Vi = Vep,owra) — Ve, 1(sAT)

Vin = VBp,osar) — Vep,1(sAT)
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Basic TTL NAND Gate

Basic TTL NAND Gate

m NAND function is inherently provided by the TTL logic family by using a multiple-emitter
BJT (ensuring a much-less chip area) as shown in the figure below for a three-input basic
TTL NAND gate.
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate

Standard TTL NAND Gate

Element Purpose

Q Multi-emitter input BJT, base-collector level
shifting of transition width, pull-down of
Qs

R Limits Ty,

Qs Drive splitter, provides base driving current

to Qo, base-emitter level shifting for
shift of transition width, pull-down of

p
Vot Re Along with Qs provides logic inversion to
output-high driver
Voo Qo Output inverting BJT, output low driver for
Oo—t current sourcing pull-down
D, Diode level shifting between Vcc and
output
Ro Provides discharge path for saturation
Do, ? stored charge of Qo
Qp Provides active current-sourcing pull-up
Rer Part of active pull-up and limits current
spikes during output high-to-low
transitions
De¢y, Dz Input clamping diodes to limit the negative

swing of the inputs to one diode drop

below ground

m Basic TTL inverter can be improved by adding a totem-pole output (stacking of two
BJTs, a resistor and diode in the output branch) to provide active pull-up and pull-down
sections, a drive-splitter transistor Qg, a discharge resistor Rp and clamping diodes at
the inputs as shown in the figure on the left above. The purpose of each element in the

circuit is listed in the table on the right above.
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate

D, 7

m When the input is low, e.g., Viny = 0V, base-emitter junction of Q; is forward biased,
however voltage at the base of Q; is not enough to turn on both base-collector junction
of Qr and base-emitter junction of Qg, so Qs and Qo are cutoff. So, collector current
of Q is zero and Q7 is in saturation mode.

m When V;ny =0V, Qs and Qo are in cutoff mode and Qp is in edge-of-conduction
(EOC) mode (i.e., no current flows as there is no-load). So, as
Irc(on) = IB,p(roc) = 0, the output is HIGH and given as

Vour = Vee — IrconyRe — Ve, p(roc) — Vb,L(EOC)

=Veec = VBE,p(ra) — VD,L(ON)
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate
V=5V
°

D, 7

m When the input voltage is high enough, ie., Vin = VBE,s(ra) — VeE, 1(sAT) Qs goes
into the forward active (FA) mode and current Irc will start to flow. Then, Voyp starts
to drop with increasing Vin as Vour = Voo — IrcRe — VBE.p(rOC) — VD, L(EOC)-

Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate

D, 7

m If Vi is kept increasing, then at some point (i.e., when
VIN = VBE,o(sar) + VBE,s(sar) — Vor,1(sar)): both Qs and Qo go into the
saturation mode, Q p goes into cutoff mode and Q1 goes into the reverse-active mode.

m If we increase Vi further, then at some point (i.e., when As a result, Voyr becomes LOW and remains constant at Voyr = Vo O(SAT)-
ViIN = VBg,ora) + VBe,s(ra) — Vor,1(sar)), Qo turns into forward active mode. ’
As a result, Voyr decreases more rapidly as I¢ o also starts to flow and more current
starts to flow from Rc. This point is called the break point. The input and output
voltages at the break point are labelled as V;p and Vg, respectively.
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate

V=5V

%

m The states of active elements in a standard TTL inverter are given in the table below.
State of Active Elements for
Output-High and Output-Low States

Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate

V=5V
i1} Vo)

m Thus,
Von =Vec — VBe,p(ra) — Vb,L(ON)

Vo =Vee —Ic,s(rayRc — Ve, p(Fa) — Vb,L(ON)

\7
Element Vou Vos VoL = Voo — 2B b, VBE.P(FA) — VD,L(ON)
Qo Cutoff (OFF) Edge of conduction (EOC)  Saturated (SAT)
Qs Cutoff (OFF) Forward active (FA) Saturated (SAT) VoL =Vep.o(sar)
Q; Saturated (SAT) Saturated (SAT) Reverse active (RA) Vi = VeE,s(ra) — Vee,1(sAT)
Qp Edge of conduction (EOC)  Edge of conduction (EOC)  Cutoff (OFF) Vig = Vep,ora) + VBE,s(ra) — VoB,1(sAT)
Dy, Edge of conduction (EOC)  Edge of conduction (EOC)  Cutoff (OFF) Vir = Vep,osar) + Vee,s(sar) — Vos,1(saT)
Dr. U. Sezen & Dr. D. Gékeen (Hacettepe Uni.)  ELE315 Electronics Il 09-Dec-2017 11 / 49 Dr. U. Sezen & Dr. D. Gokeen (Hacettepe Uni)  ELE315 Electronics II 09-Dec-2017 12 / 49




Transistor-Transistor Logic (TTL) and Other TTL Gates TTL Fan-Out

Transistor-Transistor Logic (TTL) and Other TTL Gates  Standard TTL NAND Gate

V=5V
(o]

D, 7

Example 1: For the TTL gate above, determine the VTC critical points Vo, Vor. ViL,
Via, Vip and Vop for Bp = 100 and omax = 0.85.

TTL Fan-Out

VYegsV ! Re3120Q
— o R, S 4k0
d ngxzon r,, Q.
Réym &%mm 7 N
s “o | ‘ D, ¥
v, VanN / N “
= Vou N Cov,
—f QN Q 3 J -
~ g Q.
Wi DX N
i n',glm
D. X =
R, 2 1kQ L
g Tos
i
N I,
P
Toad gates (output high state)

driving gate (output low state)
m Maximum fan-out will be determined by the output-low state, as when output is high
input transistor Q' is in reverse active mode (i.e., I7, = 0).

= From Path 1, Iy =1 —I =1
oL =lc,osar) — Ip,L(eoc) = lc,0(sAT)
Ic,o(saT) = 9BFIB.o(sAT)
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Transistor- Transistor Logic (TTL) and Other TTL Gates  TTL Fan-Out Transistor-Transistor Logic (TTL) and Other TTL Gates  TTL Fan-Out
VemsV VamsV
y RS s ¢
wg § RS20 $ § R S00
b 4k Re ’\6kﬂ R, 24k Re ll(\kﬂ
A [ A [
Vo=Ve L~ N Vo= Vo - ~
/a ,7| { d—a i
) B¥v,.v.
L B
) l,m“—,“
D& D& 1 RN -
R 31@ . +
\ l _—
Ny I
iving gae (utpat low siate) load gates (outpat high sate) drivinggate (outpotlow site) loadgaes (ouput high sate)
_— m From Path 3,
m Continuing
Ip,s(sary = Ic,1(ra
Ig,0(sa1) =1E,s(sat) — IrD(OL) S(SAT) ( ’ (ﬁ ;
=(1+8r)I
! VBE,0(SAT) B,1(RA)
RD(OL) = — 5
Rp I Voo — Veo,i(ra) — VBE,s(sat) — VBE,0(SAT)
B,I(RA) =
Ip sisar)y = Ic,s(sar) + IB,s(sar) (R4 Rp
v v m From Path 1,
~ Voc = Vog,s(sar) — VBE,0(sAT) £ , Voo = Vee r(sar) — Vor,0(sAT)
Ic,s(sary = & (from Path 2) I, =
c Rp
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Transistor- Transistor Logic (TTL) and Other TTL Gates  TTL Fan-Out Transistor-Transistor Logic (TTL) and Other TTL Gates  TTL Fan-Out
sv
\
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D, 7
iving gt (otpat ow sae) load gtes (outpat high sate)
m Thus, the maximum fan-out is given by
Noo = 1o L(max) 10,0(SAT)(max) Example 2: For the TTL gate above, determine the maximum fan-out for 8p = 25,
max = 77 = 77 Br = 0.1 and omax = 0.85.
IL IL
OmaxBFIB 0(5AT) TTL Power Dissipation
I
Example 3: Calculate the average power dissipation for Example 2 above?
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Transistor-Transistor Logic (TTL) and Other TTL Gates Open-Collector TTL

Open-Collector TTL

vmzsv

__7 N

I

m Open-collector TTL gates, one of which is shown in the figure above, are often used in
data busses where multiple gate outputs must be ANDed.

m This can be accomplished by using a single pull-up resistor with open-collector TTL
gates.

m This type of connection is referred to as wired-AND.
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Transistor-Transistor Logic (TTL) and Other TTL Gates Low Power TTL (LTTL)

Low Power TTL (LTTL)

m Power dissipation can be lowered by just increasing the resistance values as shown in the
figure above.
m However, this results in:
m decreased fan-out,
m longer transient response times.
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Low Power TTL (LTTL)

Ve=5V
Q
Re 2500 Q
R, 240kQ R < 20kQ
(o
&
D. ¥
—0 Vour
ra
Q
Dc

Example 4: Calculate the average power dissipation for LTTL in the figure above and
compare it with that of TTL which was calculated in Example 3.
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Transistor-Transistor Logic (TTL) and Other TTL Gates  High Speed TTL (HTTL)

High Speed TTL (HTTL)

Va=5V
o

Ragssn

R, § 470 Q

m Switching speed can be increased by just decreasing the resistance values as shown in
the figure above. An additional Darlington pair is also used to improve the low-to-high
switching speed, together with R p resistor which provides a discharge path for Qpo in
order to improve the high-to-low switching speed.

m However, this results in

m increased power dissipation.
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Other TTL Gates

In this section, we are going to investigate the following TTL gates

AND gates

NOR gates

OR gates

AND-OR-INVERT (AOl) gates

XOR gates

Schmitt Trigger Inverters and NAND gates

Tri-State buffers
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Transistor-Transistor Logic (TTL) and Other TTL Gates AND Gate

AND Gate

m NAND gate will become an AND date, if the output drivers are enabled in the inverse
fashion. This is accomplished by using an inverting driver splitter as shown in the block
diagram of the figure below.

Vau
or Inverting
Via e Drive
gate Splitter.

m This second level inversion is accomplished by Qg2, Qsp, Ds, Rsp and Rcg which are
enclosed in the shaded block in the figure on the left below.

R{Z4kQ Ry

{
|
f

1 | o,

= —pt 1.2
T2

£4 7777777 = — » 1
3< i R, 21200
|
i

Ve o a7 ] NA
Vow 0——] Uy | D, | F=AB
3 | Ver Voo B
| i
} o L o
DX Fba | ‘l b )
RS0 | RZ1k0
|
T T
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Transistor-Transistor Logic (TTL) and Other TTL Gates AND Gate

VemsV ,
I )
il Voms!

m When the input is low, e.g., V;x =0V, Qg is saturated, Qg2 and Qgp are cutoff.
Consequently, Qs and Qo are saturated, and Qp and Dy, are cutoff. So, the output is
LOW, i.e., Vor. = Vop,0(sAT)-

m The output will start increase when Qo goes from saturation mode to forward active
mode. Only Qg2 being in forward active mode is not enough to decrease the voltage at
the base of Qg below 1.6V and change the state of Q. So, Qsp needs to go into
forward active mode as well. Thus, the value of the input to make the output rise is equal
to Vi, = VBE,sp(ra) + VBE,s2(ra) — Vor,1(sAT)-

m Qg will turn off when the voltage at its base goes below 0.7V and this will occur
suddenly when Qsp and Qg2 go into saturation. Thus, the value of the input which
makes the output high is given by Vig = Ve sp(sar) + Vee, sa(sar) — Vo 1(saT)-
Then, Q goes into reverse active mode and the output stays high.
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Transistor-Transistor Logic (TTL) and Other TTL Gates ~AND Gate
Va=5V

7
Vee=5+

Vi 0

Via O

DuZ 2

m The states of active elements in a standard TTL noninverter are given in the table below.

State of Active Elements for
Output-High and Qutput-Low States

Element Vo Vou
Qo Saturated (SAT)  Cutoff (OFF)
Qs Saturated (SAT)  Cutoff (OFF)
Qp Cutoff (OFF) Edge of conduction (EOC)
Dy, Cutoff (OFF) Edge of conduction (EOC)
Qsp Cutoff (OFF) Saturated (SAT)
Qs2 Cutoff (OFF) Saturated (SAT)
Dg Conducting (ON)  Conducting (ON)
Qr Saturated (SAT)  Reverse active (RA)
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Transistor-Transistor Logic (TTL) and Other TTL Gates AND Gate

Vew

Vo O

Do

m A knee is not present in the VTC of the TTL AND gate in contrast to the VTC of the
TTL NAND gate, and the transition region is more abrupt. Thus,
VoL = Ver,o(sAT)
Vou =Vee — Ve p(ra) — Vb, L(ON)
ViL = VeE,sp(ra) + VBE,s2(ra) — VoE,1(SAT)

Vin =VgEg,sp(sar) + VeE,s2(sat) — Vor,1(sAT)
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Transistor-Transistor Logic (TTL) and Other TTL Gates NOR Gate

NOR Gate

= NOR function is obtained by using separate input sections Q;, Rp and Qg for the inputs
where drive splitter transistors are connected in parallel (i.e., their collectors and emitters
are connected together) as shown in the figure on the left below. Circuit symbol for the
NOR gate is also displayed in the figure on the right below.

V=5V ]

R, 21200

1 2D
|

I
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Transistor-Transistor Logic (TTL) and Other TTL Gates NOR Gate

[ b

|

1

DuZ A Da

-

Example 5: For the two input TTL NOR gate above, determine the average power
dissipation and compare the result with that of a standard TTL inverter calculated in
Example 3.

NOTE: You need to consider all four possible input states.
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Transistor-Transistor Logic (TTL) and Other TTL Gates OR Gate
OR Gate

m OR function is obtained by using separate input sections and parallel drive splitter
transistors of the second lvel inversion circuitry as shown in the figure on the left below.
Circuit symbol for the OR gate is also displayed in the figure on the right below.

7 Y=m3v

N
Ve T
INA
Ra F=A+B
INB
Vo
% 3
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AND-OR-INVERT (AOI) Gates

Transistor-Transistor Logic (TTL) and Other TTL Gates ~AND-OR-INVERT (AOI) Gates

Example 6: Design a four-input AOI TTL gate which performs Voyr = VaVp + Ve Vp.

. . . . . . Solution:
TTL gates performing more complex logic functions can be designed using the following rules VezsV
R.3100
. . Rus 2 4KkQ Reg 16k %
1. ANDing of signals é 3 P
—— o
A . . Vo 77 <
m Multi-emitter input BJT sections v Qo % —
b.E £oa
2. ORing of signals - by
RS 410
m Multiple input sections (Q; and Rp) L ' N —
[R—
m Multiple and parallel connected drive splitting BJTs (Qs) e X0, (&
= R 31k
3. If non-inverting ORing is desired i _
m Additional logic inversion circuitry with parallel connected drive splitting BJTs
INA
4. Totem-pole output branch INB
INC F=AB+CD
IND
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Transistor-Transistor Logic (TTL) and Other TTL Gates ~AND-OR-INVERT (AOI) Gates

Example 7: Design a six-input AOI TTL gate which performs
Vour =VaVe + Vo + VpVEVE.

Transistor-Transistor Logic (TTL) and Other TTL Gates ~AND-OR-INVERT (AOI) Gates

e

E ple 8: Design a six-input AOI TTL gate which performs
Vour =VaVg + Ve + VpVEVE.

Solution: V=5V Solution: V=SV
: 200
R..éam lﬂgzsm &gmm 4 n,.éun &g:.nm R, 1200
D, )
| = st -k
77 ‘ ok
"“‘Z:\’_’(Qu‘_ T Quus
Vaa
D“UDa
input section 1 input section 1
L?tm kgm
7 y i T
S 1= 7 o
D
< :
input section 2 input section 2
h?om
A 4@ )
Voso——~ | i
ViuO—} | |
DoX A ADy &glkﬂ i
mp“‘;ﬂ.w} e v L mvm:ﬁvz —  totem pole
of inversion =
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XOR Gate

INA
F=AXORB=A®B
INB

m Circuit symbol and truth table for an XOR gate are given in the figure above and the
table below, respectively.

Truth Table for an XOR Gate
Vina Vins | Vour
LOowW LOwW LOowW
LOW HIGH HIGH
HIGH LOowW HIGH
HIGH HIGH LOW

m As we notice, the output is LOW when the inputs are the same, and HIGH when the
inputs are different.

m Also, the outputs will be the same, even when the inputs are inverted, i.e,
F=A®B=4a&B
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Transistor-Transistor Logic (TTL) and Other TTL Gates XOR Gate

m We can form an XORing logic pair using two transistors: by connecting one input to the
base of the first transistor and to the emitter of the second transistor, and connecting the
other input to the base of the second transistor and to the emitter of the first transistor
where the collectors of the transistors are connected together, as shown in the figure
below.

3
L )
R..§4k.n ngl.om &glﬁm &.,gnon
D, S
[ Vau ngznm :i o
Ve ‘iqn N
D¥’Avm

Do &

D,
Q
T Q
R-%um
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Transistor-Transistor Logic (TTL) and Other TTL Gates  Schmitt Trigger Inverters and NAND Gates

Schmitt Trigger Inverters and NAND Gates

m Consider a noisy signal, shown at the top of the figure on the left below, as an input to an
inverter gate. We need to produce a neat inverter output signal considering the input is
LOW before to, HIGH between t2 and t3, LOW between t5 and tg and HIGH after tg, as
shown at the bottom of the figure on the left below.

Va¥) input rises above V.

A  Output low-to-high transition
/

b . /

Wl e X Y- B PR

_ Output high-to-low transition
|
J

!

input drops below Vs,

— VoY)

A Vo
— [E—

4 ) 4
m As seen from the figure on the right above, VTC exhibits hysteresis, i.e., low-to-high path

is not the same as the high-to-low path of the input-output relationship.
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Basic Emitter-Coupled Schmitt Trigger
Noninverter

Ren >R

Output low-to-high transition

__ Output high-to-low transition

m Hysteresis can be achieved by the basic emitter-coupled noninverting Schmitt Trigger
circuit shown in the figure on the left above.

m Let us first investigate, low-to-high path of the input. When input is LOW, e.g.,
Vins =0V, then Qg is cutoff and Qg2 is in saturation. Thus, the output is LOW, i.e.,
Vours =Vors = Ve + Vog,sa(sar)- S0, Ig,s2 = Ip,s2 + Ic,s2, i€,

Ve Voo — Ve —Vpg sasan) . Voee — Ve — Veg,s2(sAT)
Rsp Resi Res2
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7 V=5V Vian(V)
Vour = Vec=5

Output low-to-high transition

_ Output high-to-low transition

m We find Vg as

Vi — (Vcc ~Vip.sasar) | Voo - VCE,sz<SAT>> Re
Res1 Res2
where Req = Resil|Ros2||Rse-
m Thus, Vors is given by

Voo — Vg, s2(sat) n Voo — Ve, s2(sar)

Vors = ( ) Req + Vog,s2(sAT)

Resi Rcs2

m As, we keep increasing the input, eventually Qg1 will become forward active at an input
voltage Vins = Vius = Ve + VBp, s1(ra). Then, Vg will increase and Vours will
start to rise.
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) ViV

Voms= V=5
Output low-to-high transition

_— Output high-to-low transition

m Thus, Viys is given by

Voe — Vi, s2(sAT) . Vee — Ve s2(saT)
Res Res2

Vivs = ( ) Req + VBE s1(rA)

m Once the input is further increased, voltage at Qg will go into saturation and Qg2 will
turn off. Then, the output voltage will become HIGH at
Vours = Vous = Vec — Ircs2Ros2. But, as there is no load Ircse = 0 and

Vouns = Veeo

Now we can investigate the high-to-low path of the input. In this case Qg2 is cutoff and
Qg1 is in saturation. The output will fall when Qg2 becomes forward active, i.e., when

VBE,s2 = VBE(FA)-
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{ Vel V)

Voas= Ve =5
Output low-to-high transition

Veu
 Output high-to-low transition

® As Vg =Vins — VBE,s1(sar), VBE,s2 = VB,s2 — Ve, VB,s2 = Voc — Ic,s1Rost
and I¢ 51 = Ip,s1 = Vi/RsE, we can obtain the input in terms of Vpg g2 as

Vee — VBE,s2

Vins = CC~ VBES2
NS ™ Resi/Rsp + 1

+ VBE,s1(sAT)

m As the output will start to drop when Qg2 turns on, i.e., when Vg s2 = Vg (ra), then
we can find Vipg as

Vee — VBE,s2(Fa)

\%
Ros /R + 1 + VBE,s1(sAT)

Vips =
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Q V=5V

Resi>Ron

Ra

Example 9: For the Schmitt Trigger noninverter circuit above, determine the Vogs,
Vors, Vius and Vipg values where Rog1 = 4k2, Roge = 2.5k2, and Rgg = 1kQ.

Solution: As R.; = Rcsi||Rcsz2||Rse = 606 €,

Vous =5V

Vee = Vie,s2(sar) | Voo — Vog,sa(sar

VE,s2(sAT) = ( 7 (S4T) 4 7 ( )) Reqg = 1.8V
cs1 Ccs2
Vors = VEg,s2(sar) + Veg,sasar) =2V
Vivs = Vg,s2(sar) + VeE,s1(ra) = 2.5V
Voo — Vee,s2(ra)
Vipg = —— 28204 4 o =166V
s Ty p— BE,S1(SAT)
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Schmitt Trigger NAND Gate

']’vfsv

v J- / S v
diode input section BIT emitter coupled level 5400/7400 TTL totem pole
Schmitttrigger i output and drive splifter

m We can convert the basic emitter-coupled Schmitt Trigger noninverter to a TTL
compatible Schmitt Trigger NAND gate by connecting and ANDing diode section at the
input and by adding a emitter-follower level shifter section with Q1 and Dy, followed by a
normal inverting driver splitter connected a totem-pole output section at the output, as
shown in the circuit above.

m Circuit symbol for a Schmitt Trigger NAND gate is shown below.

A

B
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T‘ V=5V

diode input section BT emitter coupled. level 540077400 TTL totem pole:
‘Schmitt trigger ‘output and drive splitier

m An example VTC for a standard Schmitt Trigger NAND gate is shown below.
v,

_ Output high-to-low transition

'
l e Output low-to-high transition
'

> E———

1.2 3 4 5 Va=Vae®™
V=136 V,=22

Dr. U. Sezen & Dr. D. Gékcen (Hacettepe Uni.) ELE315 Electronics 11 09-Dec-2017

44 / 49

Transistor- Transistor Logic (TTL) and Other TTL Gates  Schmitt Trigger Inverters and NAND Gates

§ Varsv
Ree
RarRa B, |
D, A
Vau o y
NI » )
= 5 A (o O Ve
—| o
DuX ZDa Ra *" Ra :
R0
- % ,
I N —
tiods ot ection BIT emiti couled ey 4007400 TTL totem pe
‘Schmitt trigger shifter ‘output and drive spliier

Example 10: For the Schmitt Trigger NAND circuit above, determine the Vo, Vor,
Viu and Vip values where Rog1 = 4kQ, Rose = 2.5k, and Rsg = 1kQ.
HINT: Use the results in Example 9.
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Tri-State Buffers

m%om

EN

m Circuit symbol and truth table for a low-enabled tri-state buffer (or noninverter) are given
in the figure above and the table below, respectively.

Truth Table for a Low-Enabled Tri-State Buffer
Vin  Ven | Vour
LOW LOW LOW
HIGH LOW HIGH

Solution: LOW  HIGH | HIGH IMPEDANCE (Z)
HIGH HIGH | HIGH IMPEDANCE (Z)
Vou =Vee — Ve, p(ra) — Vb,L(on) = 3.6V
VoL =Vep,o(sar) = 02V m High impedance Z-state nodes are floating, i.e., not connected. So, high impedance
Vip =Vius — Vp,1rion) = 1.8V Z-state nodes are not at ground, not at Vo and have no driving ability.
Viv = Vips — Vp,1(on) = 0.96V
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Tri-State Buffers

Ve=5V
Ru34kQ Ra; umJ Rugz‘sm 31 Rag850Q
Qn R.gam sy —
Lra o
St N
S—KQ- oy e | ) o
T | Rggun
Ve \ 1 Lo Vour
N Y -
(N % <L J IQ )
o 1 — A
ke X0 R.éum‘ R Sasa B
B "7
Vin © =
Enable TTl Inverter ' o TTL ;ND Gate

= Enable-disable functionality is basically achieved by connecting a diode Dg to the enable
input of Q; which is also ANDed together with the actual input.
m When Vgy is HIGH, Dg is OFF. So, the circuit operates like a normal noninverter
and output is determined by the input Vi .
m When Vg is LOW, Qs and Qo are OFF due to AND operation, and Dy is also
ON. As Dg is ON, voltage at the base of Qp drops to VEn + Vp s(on) which is
not high enough to turn on Qp>. So, both Qo are Qps are OFF, and output
Vour is not connected to pull-up or pull-down drivers regardless of the value of the
input Vin.
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it of multiple
cipate . uters

connected drivenby A

— dd 4 s
L I | -
0 1 2 3 bl bl
r only one tri-state buffer at a .

ol —1 time is enabled - thus, the 1 Tm.l pzam n:: Tg“:l; :117.:.5?‘;5:
coptral g . ‘mult-driven node is never in wol | ] Z
span | o] 2:4 decoder contention G © o] 2:4decoder o oo 2oiy o

operating as a buffer

m Figure on the left above shows an example of four tri-state buffers connected to a single
bus. Figure on the right above shows how to enable a single buffer at a time using a 2:4
decoder, e.g., acting as a 4-to-1 multiplexer with two select inputs.
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Tri-State Buffers

m Tri-state buffers are often used to drive multi-bit circuit busses as shown in the figure

below.
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