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ted f0
P
Ib
1 i 2
.’——N——” - )
Vo

Diode graphical symbol

hen its forward voltage Vo is less than 0.6 V.

1 non — conducting W : d volt
ffand flows in the direction of the arrow.

lode is ©
| ?;:iﬁ?;dc COndII{IlS VD = OI?V il ID
| W - ‘
; “Rectifier” is 20Y device through which electricity can flow in one
) diode o
' gection only- | .
. = 4/_'"
| gL Basic Gate R
2 BY
HTL Basic gate il
| Vol
Ml" nov-
,4':‘ "
off e J
’ .
%
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. high the base emitter junction of Q1 is reverse biased and the
e spul 15 netion s forward biased. This condition permits current through
: runction of Q1 into the base of Q2 thus driving Q2 into

cglleclﬂc  collector § ; g < 1n
bas sult @3 is turned on by Q2 and its collector voltage which is the

fm"”" > ¢ grownd potential.
! ealow output for a high input, at the same time, the collector of Q2
lngorif h; jow voltage level to keep Q4 off.

LOW INPUT

24 ON

L) W02 g

[® High

3 OFF

: . d biﬂsed and ﬁ]e
When the input is LOW, the base — cmitter junction Eﬁfefliiszﬁghr RiaidLg
st — collonsns = : . :ased. There 1s CUlt d for the
collector junction is reverse bi A LOW provides @ path to groun £ 02 s bigh

Sment. Thsre is no current jnto the base of Q2,50
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i iler junction of Q1 to the LOW input. .1 is off. The collector ©
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Pigital Integrated Circuits

d'gﬁa] ogic familics 10 be considered here are:
1
ﬂ-‘“'ls . Resistor Transistor Logic

RIL Diode Transistor Logic

pTL Transistor — Transistor Logic

Tk Emitter — Coupled Logic

gCL Metal — Oxide semiconductors

;,f()S < Complementary Metal Oxide Semiconductor

only historical si gnificance since they are no longer used in dipita
gi

have -3 1
DTL 2" ¢ ¢ first commercial family to be used extensively.

ﬂﬁs RTL was!
¥
| pave peen replace by TTL, In fact TTL is 2 modification of DTL gate,

rcuit 1 igital logic family is either a NAND :
- gircutt 10 gach IC dl_gat_al i or NOR gale
?’hbi;zu“ is the primary building Block from which all other more complex d; glli al

onponEnts are obtained.

iDz " b

X[Y]Z] X[Y[Z]
L|L|[H L|L[H
| L[H|H L|H|L
H|L|H | H | L|L
H{H|L HIH|L
Positive Logic Nand Gate Positive Logic Nor Gate
ABipolar junction transistor (BIT) can be ejther an npn or pnp junction transistor.
Field - effect transistors are said to be Unipolar. The operation ofa biqolar transistot
depends on the flow of two types of carriers clectronics and holes a unipolar
¢h may be

| Trnsistor depends on the flow of only one type of majority C«'l_rriﬁl:Whi i
tl&l]'lﬁnics {n - Chﬂnﬂe]) or hUlﬁS (p - Chﬁﬂ.ﬂcl) RTL, D'TL, T“l L,: 1‘,C [, arc Blpﬂ ar
Transistors,
220? and CMOS employ a type of unipolar transistor called metal - oxide -
Miconductor field effect Transistor MOSFET.
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he commespond; f
ot (A B O) ponding g .
gate is IIIB};E 10 be oW, regardless of the ;?;lmslnri

3 .
the 0(;’ 'ZPV) all transistors are cut Uﬂ"bccales oy dmt“

: . . ralipes use 3 e"‘h.h
on. gre oW aching the value of supny,, . ¢ Vy
-nto satural o1l inputs high, approachinb Pely “Oltag, i Oy
: if whe v :
wransistor o output ©© Ce.
This ¢

--"_QQ-"‘UG
___0_.&-'&.-0

e .,oo‘-‘l\-,
d
n
T

INFUTS

The transistor serves as a current amplifier while inverting the digital s |
input is low (0.2 V) the com:spnndmg input diode conducts current. T;Ltg::- If any ‘
the diode is forward biased and here is a voltage drop of 0 75 v g

ts.
But at output there is 0.2V the means that point P is 0.75 + 0.2 = 0.95v

0.95 volis is not enough to forward bias D1, D2.
Therefore Q1 is cut off and Y=V High.

V=V, =V =V, =0.95-0.65-0.65=-035v

] Vﬂ] -0 0.35

R~ =

5+10° = sagT = 0-07mA

lt: all inputs are simu]y
divide among the dig
futhe: into cutoff.

aneously at logic level 0 the current through resistor R wil
des D,,D,, D,.. Thus Vp decreases slightly and 0, i foroed
Hence Vo remains at logic 1.
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apdinion [or saturation jy dete

™

Tine rom thye e
- -!’

h f
,-"ﬁ

wring aturation Ve is not o

cal npn silicon Transig
pical np t Transistor Parameters

vr —-—‘—1———-———-’_.__— o —
/ Region Var Volts) | 1, (volrs)

e

[ Cutofl <06 | Gpen eireui
| Active 0.6-0.7 =08 |
,l o e

pr—

} Hutur.mun 0.7-0.8 | 0.2

f

:-:‘ =i
' - e
. AAN~ — .....Ll
[B 1 -
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Naetly O but sl equal to 0.3V,

'Inlhm-ahip
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Relntionship
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sles!

7 {ransistor cut — off [z =0, Ic=0, the co

e D;F;cn'circuit (i.e. switch off).
an

llected o CMitgey s
it

i€” ke
oS
g
regio®
T where between 0.8V up to Vee

ad bet?
! ‘,C iy Jrghﬂ.:'

s,turﬂﬁ““

rtant 10.113
fine Vee !

hee = Transistor parameter called dc cutrrent gain

I

member that Ic maximum does not depend on |
¢ maximum when Vee= 0 this gives

_Yec

_— m—

Re

8- lﬂoking at

ondition for saturation is determined from the relationship
']"tf, co }- I(‘

b

paing saturation Vce is not exactly 0 but almost equal to 0.2 V. Vg hardly changes,
| _

l%picz] npn silicon Transistor Parameters

'g@

[Region Ve (Volis) | Vi (volts) Current
, Relationship
J °P?'F Cut-off <.6 Open circuit | J wle =0
| Active | 0.60.7 | >038 I.=hgl,
Saturation | 0.7-0.8 0.2 I/ h
on. .SL.,}-GJ(] Iz = %_ﬁ
Vb poF
Example
+V
Ve
®
i
! Fro
' lc
Vir RE
*—ANAA—— K
le il
1YY
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ﬂr.'rransislor logic (TTL)

de supply voltage for TTL (¢

the 2
entary metal oxide semicop

; .y value @ Fansistgy .
DC 3|IFFU Thc nom“’:!]OS (CU“‘plem %

dl.ittgr) devi

pi ns.

; ic) a8
v ‘iili’iféd o Vee o'V
Ve

TTL logic levels

s 08V
Input low= oV io
}r{‘ipgh =32Vto Vee (5V)

s in this range (0.8 —2 V) it can be interpreted as ey, e
er hi

. i
When an input voltage > . dictable
rcuit thus grven unpredictable performance. Theref
Ore TTL gates

the logic ci ' AREO]
Z;:i?rz;?; Dpcratged reliably when input voltages are in this range.

“The output voltages of TIL

Logic low=0-04 volts, Logic high =24 -5 volts, Unpredictable = 04-24

volts
Svolls_’/__‘ Kol s
' pé) v, (max) volis ;
Logic 1/ " Von Logic 1 Voo 121) !
(High) (High)
g V,, (min) 2. — ¥, (min) |
Unpredictable Unpredictable I
a¥
i Vu. (max) Fuf. (ma"]
Logic:o, Logic 0 !
(low) , (low) . ‘
o i’jﬁ(ll’li'l) \'_’_/_J Fa],(mm) |
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Im = 40#/1
.Irm. =5:rgl
In. = MimA
give (he same pumber in this case
| orsiios
L 4004 _ Y6mA _, o
40uA 1.6mA

e

put voltage

; nsistor
k=Collector current, it flows through RC and the collector ?;C::;e e
I,=Base Current, Flows through Ry and base of the !rans‘;
ly=1,+1, Emitter connected to ground Vecis supply voltage

Scanned by CamScanner

ot of standard TTL is 10. This means that the output of a TT
m—cfore the #tgd to no more than ten inputs of other gates in the same logic
connee
can be

ﬁ

c MoS ‘
¢ =
w‘j. - -

Transistor Characteristics =ty
ﬁpﬂlgr- l
Ve
Vo
L
Re
lc
Yin RB .
Ie .

) nd, Vi is
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