Digital Electronics
                                                                     Registers and Counters


Registers and Counters
Storage register 

A storage register is a circuit that stores a group of bits and holds it for later use. D-type flip flops are normally used to construct registers, a simple 4 bit register is shown in Fig.1 below. The CLK signal gates the four input bits D1 to D4 into the register, which presents these stored bits on the outputs Q1 to Q4. This al happens simultaneously on one clock pulse. The input signals can be cleared or altered, but this will not affect the output bits until another CLK pulse occurs. Notice that in this type of circuit the inputs and outputs are not ‘cascaded’ from chip to chip but are treated in isolation. This is in direct contrast to the connections for a shift register which is presented in the next section. It is important to note this difference in order to understand the operation of these circuits.

Fig.1
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A very useful practical storage register IC is the 74373 (SN74373), which is illustrated in Fig.2. This chip is frequently used in microcomputers as an ‘output port’, when it staticises 8 bits which are connected to an external device or circuit, e.g. a segment display, or 8 LEDs. The 8 outputs pass through ‘tri-state’ buffers within the chip. In the normal configuration the ‘not’ OE pin, which enables these buffers is held at logic 0, i.e. the outputs are permanently enabled and the Q outputs from the flip flops pass through to the output pins. If ‘not’ OE should be set to logic 1, the output pins are in the ‘floating’ state, i.e. they are electrically disconnected from the flip flop Q outputs and they carry neither 1s or 0s. The STROBE input connects to all the CLK connections on the flip flops, and gates in the input bits to the register. An alternative name for this IC is an ‘OCTAL LATCH’.
Fig.2
[image: image2.jpg]OF
(not output enable)

Strobe )
(snable tatch) -
o1l 6 o) oo!
p—icLi i
o1z 5. o) T 002
otk L
oLk
or4 o > 004
—lcLx L
15 ) >—— oos
oo | -
o16 5 g 006
e -
o017 o IS o7
ek e
o8 CE) > oos
ek \"/

Tri-state buffers




Shift Register

A shift register is a register which is fed with data bits in serial form (sequential) and outputs those bits in parallel form (i.e. bits presented at the same time), or visa versa. A simple 4 bit shift register is shown in Fig.3. If logic 1 is applied at IN at the same time as a CLK pulse occurs, then that bit is set into the first flip flop. The logic 1 passes from one flip flop to the next on succeeding CLK pulses. If the input changes between 0 and 1 for four consecutive CLK pulses, then that 4 bit input pattern is shifted into the register and appears in parallel on the outputs Q1 to Q4. Therefore the circuit operates as a serial to parallel converter. A parallel to serial converter circuit is very similar to this arrangement, but allows the parallel data to initialise the flip flops using the PRESET and CLEAR signals. This pattern is then pulsed out of the cascaded line of flip flops in serial form.
A shift register can operate in one of the following four ways:

a) Serial in, parallel out

b) Parallel in, serial out

c) Serial in, Serial out

d) Parallel in, Parallel out

Shift registers, which are not as commonly applied as storage registers, can be constructed from several discrete flip flops. Alternatively they are available as single ICs in the standard TTL range, e.g. the 74194 is a 4 bit bi directional shift register, whilst the 74164 and 74165 are 8 bit serial to parallel and parallel to serial shift registers respectively

Fig.3
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Asynchronous Counters (Ripple- Through counters)

An asynchronous counter is a tandem connection of flip flops (normally J-K). the first pulse in the incoming pulse stream which is to be counted initiates the switching if the first flip flop, but the switching of the other flip flops is initiated by the preceding flip flop. For this reason the system is often called a ripple through counter, as the carry bit from each stage ‘ripples’ through the counter. Remember that the J-K flip flop ‘toggles its output between 1 and 0 when the inputs are both at logic 1. This is an important point to bear in mind when considering how the device works.

Fig.4 below illustrates a 4 bit ripple through counter. Each master slave flip flop is toggled on the falling (or negative ) edge of the pulse applied to its CLK input. It can be seen that the Q outputs produce a binary count of the number of input pulses, as shown in Table 4.1.

Fig.4
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Table 4.1
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The outputs can be used to drive indicator LEDs or a segment numerical display.

This 4 bit counter resets itself to 0 after 16 pulses. However it can be converted such that it counts to any chosen value before reset occurs. Clearly the most common application is as a decade counter, such that it resets itself after 10 pulses, as shown in Fig.5. The Qb output is set after every 2 pulses and the Qd output is set after every 8 input pulses. They are set together therefore after 10 pulses as confirmed in truth Table 4.1, and the output of the AND gate is used to clear the whole counter when a count of 10 is reached. Hence DECADE counter – count to ten and reset.
Fig.5 – 4 bit counter
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Decade counters can be connected in tandem if it is required to a larger number of pulses, as illustrated in Fig.6. The maximum number of pulses that can be counted is 9999 in this arrangement, and the current count attained is shown as 5936.

4 bit counters are available as single ICs in the TTL 7400 series e.g.
a) 7493, which is a simple 4 bit binary counter – this chip is illustrated in a full counter / display system in Fig.8
b) 7490, which is a decade counter – its pin functions are shown in Fig.7 (note the connection from the first stage to the other three stages must be made externally, and also that the four external resets can be used to make the device reset after counts other 10).

Fig.6 – cascaded decade counter
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Fig.7 – 7490 pin assignments
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Fig.8 – 7493 decade counter in an example circuit
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Synchronous Counters

There is an inherent small switching, or propagation, delay in a ripple through counter, because the preceding stages must switch before a later flip flop switches. This causes problems if the input pulses are very fast, and for this reason the synchronous counter has been developed. It is more complex and more expensive than the asynchronous (ripple through ) counter.

Fig.9 shows the circuit arrangement. In this configuration all the flip flops which are required to change state do so simultaneously; there is no ripple through effect. Only the J and K inputs to the first flip flop are connected permanently to 1, and the other flip flops have their j and K inputs set by the AND function of the outputs of all previous flip flops. The waveforms are exactly the same as shown for the ripple through counter shown previously.
Fig.9 – Synchronous counter
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An example of one stage in the counting sequence is when the fourth input pulse occurs. The binary count after the third pulse is (remember that the J-K toggles when both inputs are at logic 1!);

	QA
	QB
	QC
	QD

	1
	1
	0
	0


And so the fourth pulse causes the QC flip flop to toggle to the 1 state because its J and K inputs are at 1. similarly the seventh pulse leaves:

	QA
	QB
	QC
	QD

	1
	1
	1
	0


And so the eighth pulse causes the final QD flip flop to toggle to 1.

A practical synchronous counter IC is the TTL 74193, which is a binary synchronous up/down counter – see Fig.10 below. A binary count can be preset into the counter on A, B, C and D if LOAD is held at logic 0. Input pulses must be connected either to pin 4 or pin 5 (the unused input must be set high) and the outputs are n QA, QB, QC and QD. BORROW and CARRY can be connected to COUNT DOWN and COUNT UP inputs of a subsequent counter if included.
Fig.10 – Up/Down synchronous counter
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