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Introduction

d Acknowledgement: Most of the following slides were
adopted from Dr. Anas Al-Trabsheh lecture notes.

O Topics
— Basics of logic gates
— Diodes and Diode-Resistor Logic
— BJT
— Resistor-Transistor Logic (RTL)
— Transistor-Transistor Logic (TTL)
— Emitter-Coupled Logic (ECL)



Logic Gates

The objective of digital electronics is to “build/implement
logic gates” using basic circuit components.

Recall from digital logic class, the basic logic gates are:
Inverter, AND, OR, NAND, NOR.
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The Basics of Digital Gate Implementation
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Diodes

Allows current to pass in one direction

Piecewise linear model:
o Cutoff:

» Conducting: I, =0 for V, <V

VD :VD(On) fOF ID > O

VD(on) =07V

o A




Diode-Resistor Logic

Consists only of diodes and resistors

Performs AND and OR logic functions
1. DRLAND gate
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Diode-Resistor Logic
2. DRL OR gate

For Vin(l,z) >VD(ON) — D(l,2) IS"ON" ; [i :
Vinez) - LOW0"=V,,, =0: Low"0" ———
AOV
o |R_ o
1 = R1
when both D, and D, are OFF
| _4 VInl Rl VQut
n =
(Vln —Vp,, )/ Ry; vig2 D2
| when either D, or D, isON




Bipolar Junction Transistor o

d  MODES of operation

1.

Cut-off mode:

a) Vge<0.7V

b) transistor is off
c) Ig=lc=1=0

Forward-active mode:

a) Vge=07V

b) 1= g+l

c) Ic=Pxlg
Inverse-active mode
a) Vge=07V

b)  (see next slide)
Saturation mode
a) Vge=08V

b) V=02V

c) =g+l

d lc=oxBxlg

[
. C# S Forward-active

Saturation =

& Cut-off >
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BTJ currents and voltages

|B:(>) }1e=0
B:
VBE(Oﬁ) \l, |E =0
<0V -
E
Cut-off Mode
|Bi(>) | 1e >0=aB¢l,
B V. (Sat)=0.2v
V. (Sat) ¢|E>0=|B+|c
=08V -
E

Saturation Mode

1,>0 . >0
— = Pelg
B°
. >0
Vee(FA) || ©
:O7V _ :(l+ﬂ)|B
E
Forward-Active Mode
Iz >0 1 =
% \l, IE ﬁRIB
B°
Vec (RA) | =1 =@+ Bl
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E

Inverse-Active Mode



Resistor Transistor Logic (RTL) Inverter

\oltage-Transfer Characteristics

For V| —GND<VBE(OFF) » IR=O,Ir=O,Vn=Vrr=VnH

For V,-GND=>V_ (FA)# Ie=(Vi-Vee(FA))/Rg, I-=Belg, Va=Ve-IR-

Ig=(V-Vge(sat))/R

_ > Vo y

For V, GND_V.H» Ic=(VcVee(sat))/Re
VO=VCE(Sat)=VOL

Edge of
__conduction

Edge of
s,atu ration
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RTL : NAND and NOR Gates

NOR
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Diode-Transistor Logic (DTL)

For V, =V, (ON)+V, (ON) <V, (FA)
V, <V, (FA) -vx <V, (FA)+V,, (ON)
D; is ON,
Ve ? {Vn_ = Ve (FA) Vo =Vec DIL Iz; Q, are OFF

i {‘/I :VBE (FA) ‘ D; & D, & Q; are ON (FA)
or

Vx :VBE (FA) +VDL (ON )
Vg ‘
VOH = Vcc

- ):VBE (Sat)
Vie =Vee(sat) , b, is oFF,
V, >V, D, is ON Vo :VCE(Sat)"

. t :
VOL :VCE(Sat) Ql o VIL :VBE (FAV




DTL NAND Gate

?
4 2"
RB
VO
VINl DI DL /+
¢ { lVCE
VIN2 -
\. ¢ ) \jr_}
Y
AND Inverter

If at least one input less than

Vge(FA), the
Iec=0

VOH :Vcc

Q, is off.

l.e.
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Transistor-Transistor Logic (TTL) Inverter

V V sat BE of Q IS
FOI" V V (—V) Vee, (sat) forward- b}ased
< |B El 1 For typical values of Rg, I
Vee 4 Rg is in mA, Q, is sat.
R. \VBE,l VCEI(Sat)+VIL Q, is cut-off  |Voy =V¢c
Vo . .
| IFor V, =2V, # Q; is sat& Q, is FA
{Q Vo
(0 Von =Vee ‘Qﬁ_@ff)
\_ —~
—— \ &
Vi =V, =V 1(Sat)_VCEI(Sat) o
For <
— : sat
Vo =Vee (Sat)|mmy Q; is sat y_ _y_ (sat) e \&( ) v

.

For V. >V, BE of Q; is reverse-biased V, =0.5V /’ ~
Inverse-active mode (RB) V, =0.6V



DIL vs. TTL

eThe Q; BJT requires less area than the two diodes
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TTL NAND Gate

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

Vor =Vee ’ Rs

If all inputs are greater than Vy,, Q
then the Q, is sat. Vive o |
= =
V, =V (sat) Vo

Multiple-emitter BJT requires much less chip
area than using individual transistors for each
iInput
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Emitter-Coupled Logic (ECL)

Emitter-Coupled Logic
(ECL)

The BJTs in ECL circuits do not operate in saturation
mode, but either in cut-off or forward-active modes

The ECL circuits are the fastest switching time of
commercially digital circuits.

Typical propagation delay times are on the order of
1ns, allowing for clock frequencies up to 1GHz.

However, ECL circuits have the highest power
dissipation of all logic families, typically 25mW per
gate.

17



Basic ECL Current Switch

This figure shows an

ideal BJT current switch
The input is at the
base of Q; , and Vg is
a constant reference
voltage
The coupled emitters
are ideally connected
to a constant current
source Igg.

Inverting

V| <V = Q, is OFF=) V) Is High
Qg isFA= V. is Low

Vi >V = Q isFA= V,, Is Low
Qg is OFF =2V Is High

TVCC(+)

RCR é Non-Inverting

.VNINVI/
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Resistor EC Current Switch

This figure shows an
early ECL
implementation

| :VE _VEE
RE RE
Outputs are taken at the
collectors of Q; and Q.
Vo,1 =VINV =Vc,| =Vcc - IC,I RCI
and
Vo,z :VNINV :VC,R :Vcc - IC,RRCR

Vi <Veg =>Q, ISOFF=> Vi =Vcc

VNINV :Vcc - IC,RRCR

Vi >V =5 Q iIsSFA= Vi =V
VNINV :Vcc

Inverting

o IC,IRCI

TVCC(+)

RCR é Non-Inverting

.VNINVI/




ECL NOR/OR Gate

Adding additional input transistors

with coupled collectors and coupled fVcc(+)
emitters to the ECL current switch: |

Vinv becomes NOR output and.--. R, Rer
Vi becomes OR output.
For any high-state input, the
corresponding transistor s
forward-active and then the
corresponding collector current
flows through R and

Vior =Vinv =Vee — e Re (LOW )‘
Vor =V = Vee (High )‘

If all inputs are low, then all VAR
the corresponding transistors

are cut-off and then
VNOR :Vle :Vcc (High )‘ VOR :VNINV :Vcc - IC,RRCR (LOW )I
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