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Processor: Data Path Components

Instruction

Fetch and Registers
Decode
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Unstable circuit

Q Dc Q <———HowcanQ=Q'?

Have this issue with any odd number of inverters in a loop.
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Bistable latches

Things are more sensible with an even number of inverters in a loop.

Suppose we somehow geta 1 (ora0?) on here.
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Reset

SR latch Stset
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D latch e — oo

D —- i
Data bit | — Q
c < — Q

Clock ‘oo 2 . :

if C=0, then SR latch stores current value of Q.

if C=1, then D flows to Q:
ifD=0,thenR=1andS=0,Q=0
ifD=1,thenR=0andS=1,Q=1

Notes:

* Data bit D replaces S & R: it’s the bit value we want to store when Clock = 1
Internally, Data bit D prevents bad case of S=R=1

* This logic is level-triggered; as long as Clock = 1, changes to D have impact
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Time matters!

o _/ /L
c /N /N

Assume Q has an initial state of 0
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Clocks

Clock: free-running signal

with fixed cycle time = clock period = T.

Clock frequency =1/ clock period

Falling edge
Rising edge
Clock period gece

A clock controls when to update
a sequential logic element's state.

Sequential Logic

10

Synchronous systems

Inputs to state elements must be valid on active clock edge.

State State
element Combinational logic element
B 2

] [
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D flip-flop with falling-edge trigger

D ——D, Q D¢ Qe —— Q
i D latch D latch E
i C Ce Q- i Q
C—+——1> |
Qstill = Q04
Assume | follower stores
Q=Qpw

Clock

D = Qnext as

\|/ =Qnext asQ
\_Y_I

Qis NOW Q, eyt
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Time matters!

Assume Q and E have an initial state of 0
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Reading and writing in the same cycle

o a—{>

D Flip-Flop
C Q

Clock Assume Q is initially 0.

Moral: It's OK to use the current output Q of a flip-flop as
part of the the next data input D to the same flip-flop.
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D flip-flop = one bit of storage

———Ip

C

Q

D Flip-Flop

Q

The bit value of D when C has a falling edge is

remembered at Q until the next falling edge of C.
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A 1-nybb|e* register *Halfabyte!‘

(a 4-bit hardware storage cell)

b . Q 4-bit
D Flip-Flop__ register >
C Q C 4
D Q
E) FI||o—FIopa Write?
D Q
D Flip-Flop
C Q
D Q
D Flip-Flop
c Q
Write

Clock
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Register file

——>| Register address #1

——>| Register address #2

w

Write port

Write register
r selector

—>| Write data

Write?

Read data 1

Read data 2

w
Read ports
w

T 0 =read
1 = write

r = log, number of registers

w = bits in word

Register address #1
(log, k bits)

Read ports
(data out)

Register address #2
(log, k bits)

Register 0

Register 1

Register k - 2

Register k - 1

-~ Data read from
n register address #1
(n bits)

|~ Data read from
n register address #2

(n bits)
Array of registers, with register selectors, write/read control,
input port for writing data, output ports for reading data.
Sequential Logic 17 Sequential Logic 18
Register address #1 erte port (data |n)
(log, k bits) write control
Register 0 clock
Register 1 M e
Read pO rts u L\ Data read from ? | Register 0
n
- X register address #1 " —-ID
(d ata (0] ut) Register k - 2 (n bits) Address of register — g"t":
- ecoder —
Register k - 1 to write to ¢ )
(log;, k bits) k-2 — Register 1
k-1f— iy
Register address #2
(log, k bits)
Lo
— m —C
u |\~ Data read from 5 Register k - 2
—
X n register address #2
(n bits) e
Register k-1
Data to write s ~ID
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(n bits) n
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Write port (data in) RAM (Random Access Memory)
write control
clock *
\ B
0 c Data In
1 Register 0 log, A
b —— Address
Address of register —{~ M-to-2" , | . .
to write to decoder c e Ais number of words in RAM
(log, k bits) k-2 Register 1 AXB RAM * Specify the desired word by
D Write an address of size log, A
1 1| Enable * Bis the width of each word (in bits)
: Data Out
F i
Register k - 2

D

TOF

Register k-1
Data t(.’ write n\ b Similar to register file, except...
(n bItS) Sequential Logic 21 Sequential Logic 22

16 x 4 RAM

4-bit
address
1101 —>
4to 16
decoder
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