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The 555 Timer

The 555 timer is a very useful IC as it can be configured as
either a monostable or astable multivibrator.

*Basic design ~1971. Now available in CMOS and in 2-in-1
version (556)

» Use 2 internal comparators: O/P is HI when the voltage on
the non-inverting (+) input is higher than the voltage on the
inverting (-) input.
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Internal construction of a 555 Timer

Comparators: O/P is HI when the

Vec voltage on the non-inverting (+)
(8) input is higher than the voltage
< 555 on the inverting (-) input.
5 k)
o o (6) Comparator A
e 1 | > Voltage divider consisting of
Control O = Latch . . -
voltage = & three 5kQ) resistors — providing
R = Output
§5kﬂ S - - atriggerlevel =1/3V, and a
ﬂ ,__>‘ O Eu“f}f;‘:‘ threshold level = 2/3 V,
Trieeer Crk:l =
ar Comparator B .
e Trigger level normally HI — when
Discharge © £ tr;?lii:[rﬂgf drOpS be|OW 1/3VCC the
= 0, comparator B O/P goes HI — sets
5k the S-R latch
y Will cause O/P (pin 3) to go HI
(1) (4)
= s Also turn OFF the transistor Q;

base current



Internal construction of a 555 Timer

Vec
Q
(8)
- 555
5 k()
(6) Comparator A
Threshold © +
ki (3) l
Control - = Latch
voltage
?R 0 () Output
5 k() g
@] Output
o ¢ + buffer
Z)
[rgoer O— =
Comparator B
(7) Discharge
Discharge © transistor
R Q!
5k}
(1) (4)
O
GND Reset

O/P will stay HI until the normally
LO threshold voltage goes >
2/3Vcc — Causes comparator A
to switch and reset the latch

This turns O/P to LO again and
switches on the discharge
transistor.

External reset input can be used
to reset the latch independent of
internal operation.

Trigger (2) and threshold (6) pins
are controlled by external
components that can be
connected for either monostable
or astable operation.



555 Timer connected as a one-shot (monostable)

External R, and C, connected as shown below.
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| (D DISCH capacitor to limit noise.
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(6)

(5)

(2)

(7)

555

Prior to triggering

HIGH (3)

LOW
Output

O/Pis LO and Q1 is ON —
keeps C1 discharged.



When triggered

Charging
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OFF

at 1

(4)

NG trigger pulse is
applied — Comparator B
switches to HIl and the
O/P switches to HI

Q1 turns off

Capacitor C1 starts to
charge through R1



At end of charging interval

Vi As C1 charges up
T to 2/3 Vcc, the O/P
| (8) 555 of comparator A will
R go Hl at t1
§ Ry ?5 k() I
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Astable Multivibrators = Clocks

Astable or free-running multivibrators switch back and forth
between two unstable states. This makes it useful for
generating clock signals for synchronous circuits.

Different applications place varying demand on clock circuits
in terms of precision and long term stability

* Low end — Digital IC based clocks
* Medium — Crystal oscillator circuits
« Temperature controlled crystal oscillators, atomic clocks



The 555 connected as an astable gfree runningz multivibrator
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The 555 Timer as an Astable Multivibrator, =

+5V
——— T ——>
5V
Ra 4 8
3 OUTPUT
7 o—> OV......... E
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t
RB ‘-(—tz —>
5l yimer
t1 = 0693 RBC
2 t2 = 0.693 (RA A RB)C
5 T = t1 + 12
c—= frequency = 1/T
“T™ duty cycle = t,/T x 100%
1~ .01 pF RaZ1 kvl
1 RA + RB 6.6 MU )
® C 3500 pF
>




Charging
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Astable operation

Threshold (6) now connected to
the trigger (2) input

Two external resistors and a
capacitor

2nd Capacitor (on Control) for
decoupling only — can be left off

Initially capacitor is uncharged —
trigger pin (2) is at OV

This causes O/P of Comp B =
HI and Comp A = LO This will
keep Q1 OFF

Capacitor will now start to
charge through R1 and R2

When it reaches 1/3 Vcc Comp
B will switch to LO, when it
reached 2/3 Vcc Comp A will
switch to HI — Will now reset the
latch.

This switches on Q1 and
discharges capacitor through
R2.

When capacitor discharges to
1/3Vcc Comp B goes HI and
sets the latch again.

This turns off Q1 — Another
charge cycle of the capacitor
starts



Calculate the frequency and the duty cycle of the 555 astable multivibrator output
for C = 0.001 uF, R, = 2.2 k(), and R; = 100 k().

4/12/2026 14



Design a 555 free-running oscillator to produce an approximate square wave
at 40 kHz. C should be kept at 500 pF or greater.

4/12/2026 15



Counters and Register

Synchronous vs Asynchronous Counters

« Combining flip-flops and logic gates to form
various counters and registers.

* Asynchronous (Ripple) Counters
« Synchronous (Parallel) Counters



A look at the standard up counting sequence

C B A

0 0 0 —

0 0 1 A: Toggles as normal (every step)
0 1 0 B: Toggles when A goes HI to LO
0 1 1 C: Toggles when B goes HI to LO
1 0 O

1 0 1

1 1 0

1 1 1I—




Asynchronous (Ripple) Counters

Counters that are made of flip flops that are
supplied with different clock signals.



Asynchronous (Ripple) Counters

Counters that are made of flip flops that are
supplied with different clock signals.

J-K Flip Flop D J-K Flip Flop C J-K Flip Flop B J-K Flip Flop A
D J G J B J A J —e"
CLK<OI CLK<QI CLK<QI CLK<O—e JUL
D K G K B K A Kfl—e"

*All J and K inputs

assumed to be 1.




Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<J CLK<OJ7 CLKO—e J-I-n—
D K g K B K A KiH—e"

*All J and K inputs
assumed to be 1.

CLOCK

L=

DCBA

(count) 2000



D

DCBA
(count)

Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<C}[_ CLK<C}[_ CLK<C}[_ CLK<C}—0-JlrL
D K g K B K A KiH—e"
*All J and K inputs
assumed to be 1.
1 2

——

0000:0001"



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<J CLK<OJ7 CLKO—e J-I-n—
D K g K B K A KiH—e"

*All J and K inputs
assumed to be 1.

L

DCBA

(count) 0000E0001 500105\



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<J CLK<QI CLKO—e JUL
D K g K B K A KiH—e"

DCBA

(count) 0000E0001 5001050011 E‘

*All J and K inputs
assumed to be 1.




Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<J CLK<QI CLKO—e JUL
D K g K B K A KiH—e"

*All J and K inputs
assumed to be 1.

DCBA

(count) 0000E0001 5001050011 5010051



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<] CLK<J CLK<OJ7 CLKO—e J-I-n—
D K g K B K A KiH—e"

*All J and K inputs
assumed to be 1.

DCBA

(count) 0000E0001 5001050011 5010050101 EI



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<J CLK<QI CLKO—e JUL
D K g K B K A KiH—e"

*All J and K inputs
assumed to be 1.

DCBA

(count) 0000E0001 500105 0011 5010050101 EOHOE



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<J CLK<QI CLKO—e JUL
D K g K B K A KiH—e"

*All J and K inputs
assumed to be 1.

DCBA

(count) OOOOEOOMEOMOEOOH 501005010150110E0111 :



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<J CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

D e

DCBA S T T T AL IR T
(count) | 0000/0001:0010;001110100/0101;0110} 011111000



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK< CLK<OI CLK<QI CLKO—e JUL
D K g K B K A KiH—e"
*All J and K inputs
assumed to be 1.
1 2 3 5 6 7 8 9 10
CLOCK |1|1|1|1|t|1|1|1|1|1
A
B | r
c : !
D T A NI I T B B oo s
DCBA

(count) 0000i00015001050011 501005010150110E0111 5100051001 ET



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<J CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

DCBA R T T R T R
(count) { 0000} 000110010/0011:0100:0101:0110:011111000/1001:1010'



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<J CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

D

DCBA

(count) 0000:0001:0010:0011:0100:0101:0110:0111:1000:1001:1010:1011 1



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<J CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

D

DCBA

(count) 0000:0001:0010:0011:0100:0101:0110:0111:1000:1001:1010:1011:1100 -



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<J CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

D

DCBA

(count) 0000:0001:0010:0011:0100:0101:0110:0111:1000:1001:1010:1011:1100:1101 : -



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<J CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

D

DCBA

(count) 0000:0001:0010:0011:0100:0101:0110:0111:1000:1001:1010:1011:1100:1101:1110 !



Asynchronous (Ripple) Counters

flip flop D flip flop C flip flop B flip flop A
D J s J B J A J —e"
CLK<OJ_ CLK<OI CLK<OJ7 CLKO—e J-I-n—
D K g K B K A Kl—e"

*All J and K inputs
assumed to be 1.

D

DCBA

(count) 0000:0001:0010:0011:0100:0101:0110:0111:1000:1001:1010:1011:1100:1101:1110: 1111



Asynchronous (Ripple) Counters

flip flop B flip flop A
A

flip flop C

flip flop D

—
cik<jo—e JUL

K—e"

J

CLK<OI

B

J

CLK<OI

*All J and K inputs
assumed to be 1.

C

J

CLK<OJ_

11 12 13 14 15 16 17 18

10

CLOCK

0010

{0000

DCBA
(count)

Recycle to 0000



Asynchronous (Ripple) Counters

» Review of four bit counter operation

— Clock is applied only to flip flop A. J and K are high in all
flip flops.

— Output of flip flop A is CLK of flip flop B and so forth.

— Flip flop outputs D, C, B, and A are a 4 bit binary number
with D as the MSB.

— After the NGT of the 16t clock pulse the counter
recycles to 0000.

 Thisis an asynchronous counter because state is
not changed in exact synchronism with the clock.




Asynchronous (Ripple) Counters

« MOD number is equal to the number of states
that the counter goes through before recycling.
Adding flip flops will increase the MOD number.




Asynchronous (Ripple) Counters

« MOD number is equal to the number of states
that the counter goes through before recycling.
Adding flip flops will increase the MOD number.

« MOD number = 2", where n = number of flip-flops.



Asynchronous (Ripple) Counters

« MOD number is equal to the number of states
that the counter goes through before recycling.
Adding flip flops will increase the MOD number.

« MOD number = 2", where n = number of flip-flops.

* The output of the last flip flop (MSB) divides the
iInput clock frequency by the MOD number.



Frequency Division

« Each flip flop will have an output frequency of
2 the 1nput.



Frequency Division

« Each flip flop will have an output frequency of
2 the 1nput.

* The output frequency of the last flip flop of any
counter will be the clock frequency divided by
the MOD of the counter.



Frequency Division

« Each flip flop will have an output frequency of
2 the 1nput.

* The output frequency of the last flip flop of any
counter will be the clock frequency divided by
the MOD of the counter.

Timing Diagram

e (LU

= o |
A —— —ﬂj_
- [ ]

C (U “ZT:)

D @




Displaying counter states

The arrangement below will result in an LED on when
the output is high.

+5 W

Jad 2 330 0 J430

G J| 18 J] 1A J

CLK <IOF CLKE <I0- CLK «:D—'M_L

C cLR K (B cp K A oR K
L C¥ ()




Displaying counter states

Using the circuit simulator to observe the counter in
action 3

3300 300 3300 First J-K flip flop
2? e 2 A 4 ’//
c J 8 J A J
CLK ] CLK cu<<(}—o—I SRS
C CLR K E CLR K A CLR K
0 0 0
C B A




Displaying counter states

Using the circuit simulator to observe the counter in
action

File Edit Draw Scopes Options Circuits

3 logic outputs

TR
L | - |
Q J Q <D-/_QJ<“_' 40Hz

—

Ol
-~
1
|

Ol
=




Displaying counter states

Using the circuit simulator to observe the counter in
action

Filer Edit Draw Scopes Options  Circuits

Reset

Run/ STOP

1 0 1 Simulation Speed
1 e
D-) 40Hz
1@
K

Current Speed

—
S
£

9
9]
e

< — | —
< b-)_ Current Circuit:
K

=1 e

pFARTETArRY

1
Ol
Ol
-~ A o
(9]

1 Grammar and
Spelling Checker
Check your grammar,
5V t=129.135 ms spelling, ang
fime step =5 ys punctuation instantly

with Grammarly

5V

5V [ OPEN

5V |




Counters with MOD Number <2N

The MOD of a
counter can be
changed by
designing the
counter to reset on
a specific counter
state.



Counters with MOD Number <2N

The MOD of a
counter can be
changed by
designing the
counter to reset on
a specific counter
state.

) All J, K c
uts are 1.

J B
CLK Or CLK

C cr K

]

B cr K

A cLr K

L

B &—

C o—

S

Turns MOD 8 counter
into a MOD 6 counter




Counters with MOD Number <2N

The MOD of a
counter can be
changed by
designing the

counter to reset on
a specific counter

state.

Turns MOD & counter
into a MOD 6 counter

Al J, K
inputs are

C cr K

B cr K

A cLr K

L

B &—

C o—




Changing the MOD number:

1. Find the smallest MOD required so that 2N is greater
than or equal to the requirement.

2. Connect a NAND gate to the asynchronous CLEAR
inputs of all flip flops.

3. Determine which flip flops are HIGH at the first
undesired count and connect the outputs of these flip
flops to the NAND gate inputs.




What 1s the MOD number and frequency at O/P D for counter below?

CLK<

A J
Or CLK<Q-L 30 kHz

ILIL

CLR K

CLR K

:

Y

D C
D J J
CLK<] CLK<]
CLR K CLR K
D
C
B

*All J, K inputs are HIGH



What 1s the MOD number and frequency at O/P D for counter below?

First flip flop
flop Square
wave
A . input

A J l
or CLK<Q-L 30 kHz

ILIL

CLR K

Y

Fourth flip flop ~ Third flip flop
' | Second fli
| l P
D C B
D J| 4C J| B J

CLK< CLKO CLK<

CLR K CLR K CLR K

D

*All J, K inputs are HIGH



What 1s the MOD number and frequency at O/P D for counter below?

Square
wave
A input

CLK<OH CLKOr CLK<

A J l
Q-r CLK<Q-L 30 kHz

ILIL

CLR K

Y

CLR K CLR K CLR K
D
C

V)

(a)

*All J, K inputs are HIGH

Reset on 1110 (14,,) therefore 1t 1s a MOD 14 counter

Frequency = 30kHz/14 = 2.14 kHz



What 1s the MOD number and frequency at O/P D for counter below?

CLK<

CLR K

CLK<

CLR K

B A .
J A J
CLKOA CLK<Q-L 1 MHz
CLR K CLR K =

:

Y

*All J, K inputs are HIGH



CLK<

CLR K

T

CLK<

CLR K

CLK<

CLR K

A

What 1s the MOD number and frequency at O/P D for counter below?

:

J

CLK<

CLR K

O_I_. _|1_|in

Y

[ )

*All J, K inputs are HIGH




CLK<

CLR K

CLK]

CLR K

CLK<]

CLR K

A

What 1s the MOD number and frequency at O/P D for counter below?

J

CLK<

CLR K

O_l_. _|1_|in

T e Y
|

Reset on 1010 (10,,) therefore 1t 1s a MOD 10 counter
Frequency = 1 MHz/10 = 100 kHz

*All J, K inputs are HIGH




MOD number and frequency @ D for counters below?

Reset on 1110 (14,)
Thus MOD 14 cntr*
F = 30kHz/14
=2.14 kHz

Reset on 1010 (10,)
Thus MOD 10 cntr*
F=1MHz/10
=100 kHz

D

J

h

C

J

i

B

J

I

A

J

L

CLK<] CLK< CLK CLK<]
CLR K CLR K CLR K CLR K

?D@j |

30 kHz

JL L

*All J, K inputs are HIGH

D

J

CLK<]

|

CLR K

C

J

CLK<

t

CLR K

|

A

J

CLK<]

L

CLR K

T

* The reset state 1s not a counting state

=5

(b)

1 MHz

o )

*All J, K inputs are HIGH



Using the circuit simulator:

All J, K and inputs are HIGH

J< b
J x|
Z I
- V ¥
d o |d
_ |

— —t
lu/... e
J x |d
| |

— —
J_,,.\ 4
Jd o |d
i

1




Examples of counters with MOD Number <2N

1. Decade counters or BCD counters

— A decade counter is any counter with 10 distinct states,
regardless of the sequence. Any MOD-10 counter is a
decade counter.

— A BCD counter is a decade counter that counts from
binary 0000 to 1001.

Decade counters are widely used for counting events
and displaying results in decimal form.



2. Designing a MOD 60 Counter

60 Hz 1 Hz
60 Hz J
Pulse - MOD-60 - Counters,
/\/\/ : shaper counter displays,etc.
1z Q J Q, J Q, J Q, J Q, J Q, J )
—€—5 4 3 2 1 0
I < < 77 <of 0 Goe 60Hz
CLR K CLR K CLR K CLR K CLR K CLR K| LI
| T—.
L
Qo
Qs AllJ =K = 1
Q4




3. Your electronic watch will most likely contain a

quartz crystal resonator oscillating at a frequency of
32 768 Hz ?

32,768 Hz .g
|

crystal ——

—_—

Crystal
oscillator

32,768 Hz

JUL

1 Hz

15-stage
binary divider




An IC asynchronous counter — the 741.S293

7415293
J Ql— J Q J Q J Q
CP—(>CP —CpP>CP —(>CP —(OpCP
K ¢, Q K ¢, Q K ¢, Q K ¢, Q

CP,

MR, —
MR, ——

(LSB) (MSB)

*All J, K inputs are internally
(a) connected HIGH.

+VCC

L14)

(11)

CP, &—Cp>
7415293
(10)

cP, —>

o | (©)
(13) =
MR, MR, Q G G Q

(MSB) (LSB)

(b)



An IC asynchronous counter — the 741.S293

@ MOTOROLA

DECADE COUNTER;
4-BIT BINARY COUNTER

The SN54/74L5250 and SMN54/74L52593 are high-speed 4-bit ripple type
counters partitioned into two sections. Each counter has a divide-by-two sec-
tion and either a divide-by-five (L5290} or divide-by-eight (LS2593) section
which are triggered by a HIGH-to-LOW fransition on the clock inputs. Each
section can be used separately or tied together (Q to CP)to form BCD,
Bi-gquinary, or Modulo-16 counters. Both of the counters have a 2-input gated
Master Reset (Clear), and the L5290 also has a 2-input gated Master Set
(Preset 9).

« Comer Power Pin Versions of the LS80 and LS93

+ | ow Power Consumption . . . Typically 45 mW

» High Count Rates . . . Typically 42 MHz

s Choice of Counting Modes . . . BCD, Bi-Quinary, Binary

s [nput Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)
MR CP; CPy Qg

[ [l o] ) el Tl L5

MNOTE:

The Flatpak version

:) LS290 has the same pinouts
{Connection Diagram) as

the Dual In-Line Package.

SN34/74LS290
SN534/74LS293

DECADE COUNTER:
4-BIT BINARY COUNTER

LOW POWER SCHOTTKY

= J SUFFIX
Ili CERAMIC

i CASE 632-08
14

] N SUFFIX
\'I FLASTIC
4 CASE 646-06

@ D SUFFIX
2 soIC




An IC asynchronous counter — the 74L.S293

74LS293
J Q J Q J Q J Q
cP,—Cp>CP —(Cp>CP —(_>CP —(>CP
K B Q K &, Q K B Q K o Q
L, I I ]
CP4
MR; ——
MR, —
(LSB) (MSB)
*All J, K inputs are internally
(a) connected HIGH.
+VCC

(11
CP1._)O>
7418293
(10
CPoouO>
J_?) ® |4 |5 o
(13) =
MR, MR, Q @ @ Q
(MSB) (LSB)

(b)



An IC asynchronous counter — the 74L.S293

- 4 JK flip flop (FFs)
— Each FF has NGT CP (CLK) input

— Each FF has active low asynchronous
CLEAR inputs (MR, and MR, through NAND
gate). Both MR I/P’s must be HI to clear the
counter to 0000.

— FF’s Q;, Q,, and Q; are connected as a 3 bit
ripple counter. Q, 1s not connected internally,
which allows flexibility in design.




741.S293 as a MOD 16 counter
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741.S293 as a MOD 10 counter

Should reset on 1010

10 kHz
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741.S293 as a MOD 14 counter

Should reseton 1110
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