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STTL is obtained by replacing the BJT with Schottky-clamped BJT (SBJT)

The primary advantage of SBJTs is their improved transient times since
SBJT does NOT operate in saturation
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chottky-Barrier Diode BD)

Schottky-barrier diode is made by adjoining metal and N-type
semiconductor (usually aluminum with N-type silicon)
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Circuit symbol Current voltage characteristics
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Schottky-ClampegsSE —

Ve Sat)zo_ﬁv') lc =l A serious problem that limits the
v

switching speed of a BJT inverter as
V.. (Sat)=0.2v well the TTL gates is the time

required to remove the enormous
| =1 41 stored charge of the base of a
v ET B C saturated BJT.
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. E Thus, the solution is to use
Saturation Mode BJTs that do not saturate.
The saturation can be avoided by The  saturation mode s
limiting the forward-biased base- characterized by the forward
collector voltage to values |ess biased B-C voltage
than 0.6 V
! | & Vec (Sat):VBE (Sat)_VCE(Sat)
=0.8-0.2=0.6V

base and collector terminals of a BJT.

This is accomplished by placing SBD across the /
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Schottky-Clam 0e 0L SBIF

—E B\ V..(HARD)=0.5V
N}\LIE VBE(HARD)=08\/\> ‘/|E
E E
Equivalent circuit | Circuit svmbol |




7
H Schottky-Clam 0ed SBIF

“Inverse-active” Schottky Mode:

[
Since Vg is limited to Vez(ON)=Vy-(HARD)=0.3V
® Vac(RA)=0.7V_—
The SBJT can not operate in inverse active mode
However, for
C !
Ve <V (FA), Ve =V, (RS)=0.3V lc
, |
lc =—lspo B §
II’B = ISBD |
E
I, =1.=1-=0 Ell
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e Example
®

Schottky-ClampegsSE -

=3V
Determine the logic swing Vo %
of SBJT shown, assuming 20
— Q
| 35
e Solution g £
25
Vo When V, is low, SBJT is cut-off e of o
1 - RV ge o 0=l
lge =1c =0 Vou =Vec =V Vou =Vee conduction \E%
: ®)
V HPRE\ _ ” /\
oL - SBIT is “"ON-HARD” mode, <\ Vi =45V Egge of
. =Ve(HARD)=0.5v Fo!
Lagic swing voltage= :

Vo, =V (HARD) |
=V, -V, =45

hard mode




e SENOTky-Clamped TTL
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Veo BJTs are replaced with SBJTs

éch (except for Qp,)

R
R C
) B
© % |1/’ ‘ The Darlington pair (Qp; &
Q Qs _ Qp,) provides higher current
IN1 ‘J\ [ Q to charge the load
P2 . .
S R - capacitance (Output low-high)
y \ =P Qp, is @ normal BJT because
IN: [ \ﬁo it can not saturate since
B VCE,PZ(FA):VCE,Pl(HARD)+VBE,P2(FA)
1 Dl |'r|_|32 r/QO VCE,PZ(FA)>VCE(Sat)
Ry
Qb

—_— ST 1L NAND gate /




- nottky-Clamped TT

IN1

%/CC

o

Rep

QPl
5 N0,
> Rep A
JI‘/QO
R,

Ol 1L NAND gate

Advantages of Qp, Rgp, Rep:
1. The break point between

. Narrower transition width

. Discharge the base charge

Rg, Rc have smaller values

L
4_—-_1lll‘

Voy and Vg is eliminated
(Qs, Qo turn ON at the same
time)

and better noise margin

of Qu during the low-high
transition

than in TTL gates to
increase the fan-out (but
also increase P.-(avg))
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When Vp is low: Qyis ,Hard".

Qs , Qp, and Qg are off.
Qp; and Qp, are ON.
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Von =Vee —Vae , Pl(FA) —Vie P2 (FA)

V,,, =5-1.4=3.6V

(Neglecting Ig;.)

VIL

, The necessary voltage to turn Q, ON

Vu_ — _VCE (HARD)+VBE,S (FA)+VBE,O (FA

Ol 1L NAND gate

V, =-05+1.4=0.9V
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Viu| Qs , and Qg are in on-
hard mode.

R =
9000y e =V Vin =—Vee(HARD)

lyi‘ +VBE,S(HARD)+VBE,0(HARD)

Qpl L V,, =-05+1.6=11vV
0. R.- Qr,
e W Vo, [Qq.is SBIT
' VO Vo|_ :VCE,O(HARD): 0.5V

r/ VB,Pl :VCE,S (HARD)+VBE,S(HARD)

/ Vep =1.3>0.7V
% 250Q | Qj, is ON through R
but Qp, is OFF

|
I (Vegp2=1.3-0.7-0.5=0.1V<Vg(FA))
- — SDI 1L NAND gate
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VIH

Qs , and Qg are in on-

hard mode.

Vig = _VCE(HARD)

Fﬁ‘ +Vge s (HARD)+V, o (HARD)
J\Qpl L V, =-05+1.6=1.1V
Q R — QPZ
T i = Vo  [Qgis SBIT
' V, Vo, =Vee o(HARD) = 0.5V
) — ® Vo ‘ Q (Oﬂ:)
.' |‘/ V,,, =3.6V}|<°
\\____ _F—{_-_\\JQO /.\
R.. = CD ™ <L
BD \ W
006 % 250Q =
\
Q ' S; Qo(HARD)
° 1 Vo =05V

Ol 1L NAND gate

5V . .V
EAIRN
V, =0V  V,, =11V J



Fan-OUt - 4
H . . . . Vcc =5V
When the output is high, I;, is negligible. g

Therefore, Fan-out depends on the output low state
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For the input low state, Q; is sat
Input current low I;, and Qg is clilt-off !

V.. -V (HARD)-V HARD .
IILZIEI ZIRB: cC BE,I( ) CE,O( ) w

Rg
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| g Output current low I,

5 R, Re lo. = lco(HARD)
©) Ij,—l Since the output Qp, is cut-off
— J\QPl IOL - :BF I BO
Small value
Q| Qs lso = II.E'S —(Lgp + IRCD)" Negligible
i
— * I | _VBE,O(HARD)_VCE,D(HARD)
l |E s I RCD — R
’ l‘/ l‘ CD
| R [P
\L \l/ BO J E.S — 'BS C,S
I %
RED |RCD | _ Vcc _VCE,S (HARD)_VBE,O(HARD)
QD (oS R,
| _Vcc _VBC,I (HARD)_VBE,S (HARD)_VBE,O(HARD)
14 5 R,
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H Fan-Out.c
= e Example

© Determine the maximum
fan-out of the SBJT circuit
shown, assuming Bg=49

; R__ =
e Solution 3219 ~

~0.8-0. ' V

|, =>798705 4 soma L :
2.8k
lp =1.2MA 1, =1.11mA 5_'_?1 ,-1_'_?2 — %O
lcs =4.11mA Ry = cD W
500@% 25002
M =149 Q,
15 —; STTL NAND gate /
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HW #8:Solve Problems:8.1 , 8.3, 8.8, and 8.19




