Pulse and Digital Circuits Venkata Rao K., Rama Sudha K. and Manmadha Rao G.

Chapter 9
Bistable Multivibrators

1. Design a fixed-bias bistable multivibrator using Ge transistors having % rgminy = 50,
VCC =10 V and VBB =10 V, VCE(sat) =0.1 V, VBE(sat) =0.3 V, IC(sat) = 5 mA and

assume /g(sat) = 1.5/ (min)-

Solution:
R. = VCC _VCE(sat) _ 10-0.1V _ 99V
¢ I, 5SmA  5mA
=1.98 kQ
R2 — Va — (_VBB)
1

2
1
Choose 1, = EIQ

=0.5 mA
- 0.3+10 _ 103V 0.6 KO
0.5 0.5 mA

_te 3MA 4 A

B2min h

FE min

If O, is in saturation
Iy, =1.504, .,

=0.15 mA
1, =1,+1,,

=0.5 mA+0.15 mA = 0.65 mA
Vee =V, _10-03 _ 97V _ 0010

I, 0.65mA 0.65mA

Rl = (Rc +R1)_RC
=14.92-1.98 =12.94 kQ.

R.+R, =

2. For a fixed-bias bistable multivibrator shown in Fig. 9p.2 using n—p—n Ge transistor
VCC =10 V, RC =1 kQ, R1 =10 kQ, Rz =20 kQ, hFE(min) = 40, VBB =10 V. Calculate:
(a) Stable-state currents and voltages assuming Q; is OFF and Q; is ON and in
saturation. Verify whether O; is OFF and @ is ON or not. (b) the maximum load

current.
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Voo = 10V

RezlK 1K< Re
R1 Rl

o} OFF ] 020N

Rg 30K ch (Sﬂ'f:] =01V

Ll
C
]
=
el
el

Fig. 9p.2 The fixed-bias bistable multivibrator

Solution:
Assume VCE(sat) =0.1 V, VBE(Sat) =03V

Calculate V3 to verify whether O, is OFF or not.
R 0.1x20 (-10)10
VCE(sat) R, +2 R, + (V) L= +

R +R, 10420 10+20
=0.066-3.333=-3.267 V

Hence Q) is OFF

Ve =Vee =10V

To verify whether O is in saturation or not:
Calculate 132, Icz

To calculate /5.

Consider the cross-coupling circuit shown in Fig.2.1.

Vg =

Ve = 10V
*
Re §1K
10K
"y
fo= D I * R V. ‘H
1 L
-
QlﬂFF;l_ ‘I'rjl fm
Ry 20K
*
- Fgp=-10V

Fig. 2.1 Circuit to calculate the base current of 0>

© Dorling Kindersley India Pvt. Ltd 2010 2



Pulse and Digital Circuits Venkata Rao K., Rama Sudha K. and Manmadha Rao G.

(o3

" R.+R  1+10 11kQ
VotV 03410 103 oo

Vee =V, _10-03 _97V _ o0 o

1,

R, 20 20
I,, =0.88-0.51
=0.37 mA

To calculate /-
Consider the cross-coupling network shown in Fig. 2.2.

Vo =‘1W
f3l
1K ;Rc
10K
oy Fo
By el
f4 lfm
OFF —— OMN
Ql f31=[l At Q2
2I]K§RE
L
- V_RB =_10W

1

Fig. 2.2 Circuit to calculate the collector current of O,
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CE (sat)
RC

:10_0'1=9.9mA
1K

Vee =V,

3

VCE(sat) + VBB
R +R,

= &20.336 mA
30K

4

I, =1,-1,
=99-0.34=9.56 mA

; I, 9.56mA

B2min = h

=0.24 mA

FE min
Ly, >>1,

2min

Hence Q, is verified to be in saturation.
Ve =01V, V,, =03V.
Ver=Vee—LiRc

=10-(0.88)1

=9.12V

Hence the stable-state currents and voltages are as follows:
VCI =9.12 V, VBI =-3267V
Ver =01V I =037 mA, Ic» =9.56 mA

To find the maximum load current or minimum load resistance, consider Fig.2.3.
Foowee : 10V

Vaz=-10V

Fig. 2.3 Circuit to calculate maximum load current

I L 1S maximum (IL(max)) when / B2 s/ B2(min)
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Ipo(min) = 0.2 mA
I,=0.51 mA

L1(min) = L2 B2(min)

=0.51+0.24

=0.75 mA

Vermin = LiminR1+Vs

=0.75x10+0.3

=78V
VCC o Vc1(min) _ 12-7.8
R, 1
I max=I — Il(min) =42 mA - 0.75 mA
=3.45mA
7.8V

Lmin 3 45 mA

=42 mA

=2.26 kQ.

3. Design a self-bias bistable multivibrator shown in Fig.9p.2 with a supply voltage of —
12 V. A p-n-p silicon transistors with /1 rgmin) = 50, Veay = —0.3 V, Vpggay =—0.7V
and /» = -4 mA are used.

- VCC'

|

,r I
b ON

Saturation

Fig. 9p.2 Self-bias ‘t_>istable multivibrator

Solution:
Assume VEN:%VCC = %x —12=-4V

I =—4 mA
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-4 mA

1B (min) = =-0.08 mA

Choose Iz, = 1.51g3(min) = —0.12 mA
(Icatlp)=-4-0.12=-6.12 mA

v _
r = N2 _ 4V =0.97 kQ
I.,+1,, —-412mA
R. = Vee = Vg (sat) =V,
.=
IC
_ -12+03+4 _ 77V _1.925 KO
—4 mA —4 mA
Let 1, =LIC2 :Lx—4mA:—0.4mA
10 10
Vevey =Viys +V, =—4-0.7=-47V
R, = Voxs - 4TV _ 1) 7510
I, —-0.4 mA
Choose R, =12 kQ
Find 7, for this R,
V, —4.
5 = _BN2 :—47V =-0.392 mA
R, 120K
R.+R = VCC _VBNZ
R A
-12+4.7 -73V 1426 kO

T 20392-0.12 —0512mA

(R, +R,)=14.26 kQ
Ri=(R. +R)—R. =1426-1925=12.33 kQ

Choose R1=12 kQ
Note: Choose the nearest standard values.

4. A self-bias bistable multivibrator uses Si transistors having 4 ggmin) = 50. Vec=18 'V,
R1 =Ry, Icisary = 5 mA. Fix the component values Rg, R, Ry and R».
Solution:

Assume VEN=%VCC :%xIS =6V

and /¢gsa) = 5 mA

5 mA
1B (min) = 0 =0.1 mA

Choose 132 = I-SIBZ(min):O- 15 mA
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(Icz+132)=5+0.15=5.15mA
Vive 6V

. = = =1.16 kQ
I.,+1, 515mA
_ VCC - VCE(sat) - VENZ
c = ]c
_ 18—-0.3-6 _ 11.7V _934KkQ

5 mA 5 mA
Vivey =Vins +V, =6+0.7=6.7V

Rc +R1 — Vcc _VBNZ
1, +1,,
Rc +R1 — Vcc _VBN2 — R1(Vcc _VBNZ)
VBN, , 1, VBN tRIp
2
5344 p o RO8=67)  113R,

' 6.7+0.15R, 6.7+0.15R,
0.15R’ —4.25R, +15.67=0

—4.25)* —4x0.15x15.67
2x0.15

R =425+ i

R =R, =14kQ .

Venkata Rao K., Rama Sudha K. and Manmadha Rao G.

5. For a Schmitt trigger in Fig. 9p.4 using n—p—n silicon transistors having /4 rgmin= 40,
the following are the circuit parameters: Vec= 15V, Rs=0, Rci =4 kQ, Rex =1 kQ,
Ri=3kQ, R,=10kQ and Rg= 6 kQ. Calculate V| and V>.
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Fig. 9p.4 The Schmitt trigger circuit

Solution:

From the given data, if O, is in the active region, typically, Vg = 0.6 V and let gz = 40.
To calculate V;:

Re(1+hzg) = 6(1+40) =246 kQ
R =R, //(R.,+R)=10kQ/ /(4 kQ+3 kQ) = 4.11 kQ

, R
V =V, x - :15><L
(R, +R +R)) 4+3+10

, R,(1+h,,)
VENz :(V _VBEZ) . £ -
R +R,(1+h,)

=882V

246
Vo =(8.82-0.6)x——— —=8.08V
o2 = ( ) 4.11+ 246

iV =V, +V, =8.08+0.5=8.58V

To calculate V5:
o= R, = 10 =0.769
R +R, 3+10
o - Ra(R +R,)
" R, +R +R,
_ 4(3+10)
" 4+43+10

=3.05 kQ
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aR =0.769x3.05 =2.35 kQ

R =(+-r, =0 61510
hFE
, R
aV, =V =V, x 2 “1sx—19 gy
(R, +R +R)) 4+3+10

(V' =V,)  (8.82-0.5)
‘" aR +R, 235+6.15
Vy=Vgg +]c1R;
=V, =0.6 V+(0.978 mA)(6.15 kQ)

=0.6V+6.01 V=661V

Hence for the given Schmitt trigger
V, =858V

V=661V

0.978 mA

6. The self-bias transistor bistable multivibrator shown in Fig. 9p.3 uses n—p—n Si
transistors. Given that Vee= 15V, Vegeay =02V, V,=0.7V,
Rc=3kQ,R=20kQ,R,=10kQ,Rp=500 Q. Find:

(1) Stable-state currents and voltages and the /g needed to keep the ON device in
saturation.

(i1) f(max), if C1 =100 pF.

(i11) The maximum value of /cgo that will still ensure one device is OFF and the other is

ON.
(iv)The maximum temperature up to which the multivibrator can work normally if /cpo at

25°C =20 yA.

Rc 3K RC’
20K g,
¥ (4
{O10FF S ! (20H
+ .
J' VgL % Haturation
'?3 Rﬂ
In=0x 10K 10K
' +

R.E ng\u

Fig. 9p.3 The given self-bias bistable multivibrator
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Solution:
(1) To calculate /5, consider the base circuit of O, Fig. 6.1.

Voo 18

i

£
Fem 20K
Vanr ¥aa Chon
Saturation
0K 2fa

Fig.6.1. Circuit to caTculate Vino and Ry of O5.

From Fig. 6.1,

R

VoV x ,_15x10 150, ,
R.+R +R, 3+20+10 33

v

Ry, = Ry|(R- +R)= 10xB3+20) _ 230 _¢ 5610r

3+20+10 33

(i1) To calculate /¢», consider the collector circuit of Q,, Fig. 6.2.
Foo 16V

ﬂ{%ﬁc
£

AR Vg

20K
—%Gzon
Saturation

Ry 10K

H=
Fig. 6.2. Circuit to calculate Vi, and Ry, of 02

R +R
Vo—V.x R, =15X(20+10):450=13.6V
R.+R +R, 3+20+10 33
3x30 90
Rye =Re|R + Ry))=——=—=2.72kQ
the C"(l+ 5) 33 33
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Now let us draw the base and collector circuits of O, Fig. 6.3.

Fape 272 F0
Vo b A
+‘_‘:|1 i
R Ve &
VWY t =
GOEE0D | B
1 T Ve o L F
Yo — g o
- 7
4547 05K
Fi

Fig. 6.3. Circuit to calculate /5, and /¢

Writing the KVL equations of the input and output loops
4.54 —0.7=(6.96+0.5) Iz, + 0.51
13.6 —0.2=10.51p, + (2.72+0.5) I »
Egs. (1) and (2) are simplified as
3.84 = 7.46[32 + 0.5[C2
13.4=0.51p, +3.221»
Solving Egs. (3) and (4) for /5, and I, we get
I3 =0.263 mA
Icz =3.75 mA

hep= 21— 1425

0.263
The Arg that keeps the ON device in saturation is 14.25.

Vine = (It Ic2)Re=(0.263+3.75)0.5=2V
Vene = Vienat Vegsan =2 +02=22V
Veve= VetV _=2+07=27V.

Ry _22x10_22 4933y

X = =
R, +R, 20+10 30
VBEIZVBNI — VEN2 =0.733-2=-1.26V

Ven= Vi,

Hence Q, is OFF
.. Veni should be Ve But actually it is less than V.

VCC _VBN2 :15_27
R, +R, 3+20
VCNIZ VCC *]1RC: 15— (0534)(3) =134 V.

=0.534 mA.

roo R+R, (20+10)10°
™ 2RR,C, 2x20%x10° x10x10° x100x 107"

(ii1) Vg1 was calculated as —1.26 V. This voltage exists at the base of O, to keep Q)

=750 kHz

(1)
@)

(3)
(4)

OFF. Till such time the voltage at By of O, is 0 V, let us assume that O, is OFF, Fig.

6.4.To calculate Rz and hence /cgoR3, short Viy (though 75, = 0, there exists a
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voltage Vpy at the first emitter) and Vcgsar) sources. From Fig. 6.4, it is seen that Rp 1s
the parallel combination of R, and (R +Rg).

Voo 18Y

Short Fema

DaON

Saturation

Short Par g

Fig. 6.4. Circuit to calculate /cgoRp

10x20.5

R,=R|(R +R.)=———=6.72kQ
s = R| (R +Ry) 10+20.5
Ul’ltﬂ ICBo(max) RB = VBE], Q] will be OFF.
1.26 V
S CBo(max)= =0.187 mA =187 uA
Bolm) = 12 kO a

(iv) Icpo at 25°C = 20 uA

I CBo(max) _ g

=935
I, 20
935=2"
| _log93s5_097 . .
log?2 0.3
AT
—=n
10
=25 553
10

T, =25+32.3=57.3°C

7. (a) Design a Schmitt trigger shown in Fig. 9p.4 with UTP of 8 V and LTP of 4 V. Si
transistors with 4zz = 40 and /¢ = 5 mA are used. The supply voltage is 18 V. The
ON transistor is in the active region for which Vge=0.6 V, Vg =2.0 V. (b) Calculate
R.; for eliminating hysteresis.
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Fig. 9p.4 The Schmitt trigger circuit
Solution:

Till UTP is reached Q, is OFF and O, is ON and in active region. Just at V;(UTP) O,
goes ON and O, goes OFF. Just prior to this, O, is ON and O, is OFF, Fig. 7.1.

Vee =18V

| Sm

¢y ON
+
+T————{ Ver=2V.

w=UTP= gV

_l | kﬂmﬂ.¢%ﬁfi _W
L

T~ Feme=06V

Fig. 7.1 Circuit when Q; is OFF and Q, is ON

V1:UTP:VBN2:8V
IE=Icg=5mA
Ven=Vene = Vene — Ver2
VEN2 =8-0.6=74V.

g Vo _ 74

I, 5mA
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=1.48 kQ
Choose RE=1.5kQ
If O, is in the active region and Vep=2 V
IR =Vee—Vee—Vem

_18-2.0-74 86V
5 5 mA

R, =1.72kQ

Choose R, =1.75kQ
1
]2 :E]CZ =0.5mA

v,
=l . 3V 640
I,  05mA
I
I, =2 206155 mA
hy 40
I, =1.5%x1,, =15x0.125=0.1875 mA

I,, +1, =0.1875 mA+0.5 mA = 0.6875 mA
Ve =V, -

(R, + Ry Ve Vova _ 18-8 _ 10
(I, +1,) 06875 0.6875

R =1455kQ-R,,

=14.55 kQ

AtLTP =4V, consider the Fig. 7.2.
Ver

Ity l} Rl

Fig. 7.2 Circuit at LTP

VBN2 = VBNI =4V=LTP= Vz
Let /; be the current in R,

y
[=tee o AV o5ma
R, 16kQ
v, 4-0.
I“:IE':VzR BEl:?sEgg
i .

© Dorling Kindersley India Pvt. Ltd 2010 14



Pulse and Digital Circuits Venkata Rao K., Rama Sudha K. and Manmadha Rao G.

1 Ccl1= 2.27 mA
Writing the KVL equation of the outer loop consisting of R¢, R, and Ry,

Vee= (]C1+11)RCl+]1(R1+R2) = (]C1+11)RC1+]1(14-55 kQ *Rcﬁ‘Rz)
VCC:ICIRC1+11(14~55 kQ+R2)
VCC —11(14.55+R2)

R =
¢l I
_18-025(14.55+16) _10.36 _ , |
227 227
Rc1=4.56 kQ

R] = (RC] —Rl) —RC] =14.55-4.56 =9.99 kQ

Choose R1=10kQ and Rc1=4.5kQ.
The designed Schmitt trigger circuit is shown in Fig. 7.3 with component values.

Veo=13W

R51=4.5K ;:: é Rmzl?SK

l Rp=13K

'”—‘—'\N‘v“
N

Fig. 7.3 Designed Schmitt trigger

(b) To eliminate hysteresis R.; is added in series with the emitter of O, Fig. 7.4, such that
Vi—=V2=Vu=Uci1tlp1)Rel

R61:4—V =1.76 kQ
2.27 mA
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Fig. 7.4 R, connected to eliminate hysteresis

8. (1) Design a Schmitt trigger in Fig.9p.5 with UTP of 8 V and LTP of 4 V. Si transistors
with Apr =40 and /¢ = 4 mA are used. The supply voltage is 12 V. The ON transistor
is in saturation for which Vg = 0.7 V, Vgeay = 0.2 V. (i1) Calculate R.; for
eliminating hysteresis. (iii) Find R, to eliminate hysteresis.

Ve = 12V

I

Fig. 9p.5 The given Schmitt trigger circuit

Solution:

(1) Till UTP is reached, Q; is OFF and @, is ON and in saturation region. Just at
V1(UTP) O, goes ON and Q> goes OFF. Just prior to this, O, is ON and Q; is OFF,
Fig. 8.1.

© Dorling Kindersley India Pvt. Ltd 2010 16



Pulse and Digital Circuits Venkata Rao K., Rama Sudha K. and Manmadha Rao G.

#ICQ

+
0N

Seturation

+ T—t
w=UTP=38y

|

Fig. 8.1 Circuit when Q; is OFF and Q, is ON
Vi=UTP=Vyn=8V
IE = ]Cg =4 mA
Ven=Veva= Ve — Va2
VENZ =8-0.7=73 V.
R, :@:A:I.SZS kQ
I, 4 mA
If O is in the saturation region and Vg =0.2 V
IooRe2=Vee—Vee—Ven
_12-02-73 45V

T V=06V

~ R, ; o =1125 k0
1
Iy=5le =04 mA
v,
R =tm2_ 8V 519
I, 04mA
I
I, —ce AMA_ oA
hy, 40
Iy, =1.5x1,, . =15x0.1=0.15mA

I,, +1,=0.15mA +0.4 mA = 0.55 mA

Ve —Viys 12-8 4

(I, +1,) 055 055
R =727kQ-R,

AtLTP =4V, consider Fig. 8.2.

(R, +R) = =7.27kQ
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Fig. 8.2 Circuit at LTP

VBN2 = VBN] = 4V =LTP = Vz
Let I, be the current in R,

.
I =8 =Y oma

R, 20kQ
P R Sl

o o R, 1.825kQ
Writing the KVL equation of the outer loop consisting of R¢y, R, and Ry,
Vee= Ucith)Roi+(R1+R7)
Vee= (]C1+11)RC1+[1(7-27 — Rc1+R2)
Vee=I1ciRa+ (7.27+R2)
Vee =1,(7.27+R,)

ICI
_12-0.2(7.27+20) 10.36

1.8 2.27
Ri=(Rc1—R1)—Rc
R =727-3.6=3.67kQ
(i1) To eliminate hysteresis R.; is added in series with the emitter of O, Fig. 8.3, such
that

Rc1 =

R, =3.6 kQ

Vi—=Voa=Vu={Uci1Hts1)Re1

4v =2.22kQ
mA

el™
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Ve

Fig. 8.3 R.; connected to eliminate hysteresis
(ii1) To eliminate hysteresis R, is added in series with the emitter of O, Fig. 8.4, such

that
Vo

I

3
é(fcz +in) W

Fig. 8.4 R, connected to eliminate hysteresis

A

I

VR, 12x20
R,+R +R, 3.6+3.67+20

, 20x7.27
R =Ry//(Rc1+tR1) = ————— =5.33kQ
MRertR) = =00
We know,
, (d+h,.,.)R
v, =V _VBEz)X ) - Vi/
R'+(1+hp (R, + R;)

41x1.825

4=(8.8-0.7)x
5.33+ (41)(R,, +1.825)
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606

5=—
80.1+41R

143.5R:»=325.65
Ro=2.26kQ.
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