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* Register

e Collection of n Flip-Flops

e Configured in parallel

* Common clock, set/reset, enable

e Stores n state variables
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* Register
* |/O Port on MSP432
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* Register
* With Load (enable)
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 Shift Register

* Shift a series of bits within a register (1 element L/R)

#  [shift_reg_8_bit_th/RSTB

4 fshift_reg_ 8 bit th/BIT_IN

#  [shift_reg_8_bit_tb/SHIFT f

#  [shift_reg_8_bit_th/DIR t
00
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ﬂ—‘ fshift_req_&_bit_th/DATA_OUT Lo | D00OD,.. 0000000 00000010 00000100
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 Shift Register

* Shift a series of bits within a register (1 element L/R)

 sel[0]: (0) shift right, (1) shift left
 sel[1]: (O) shift, (1) no-shift
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* Shift Register

* Shift a series of bits within a register (1 element L/R)
e sel=0,0

shift left
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 Shift Register

* Shift a series of bits within a register (1 element L/R)
e sel=0,1 shift right
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Our circuit does not indicate what to shift into the last bit location
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 Shift Register

* Shift a series of bits within a register (1 element L/R)
esel=1,00r1,1

Din

no shift

b2

clk_in
rstb

CE 1911

| [ |
se|[1:0]ﬁuﬁé
L

> QB
RSTB

ID

RSTB

RSTB

“\—

00 Din

© tj



* Counter

* Countin binary
0000 - 0001 = 0010 - 0011 = 0100 ... 1111 = 0000 ...

Note: bit order reversed
A
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* Counter

0 0 0
clk ™ d 0 0
el Q1< 0 1 0
clk 1 1 0
clk Q14 12 0 0 1
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What’s wrong with this solution
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* Counter

* Countin binary
0000 - 0001 = 0010 - 0011 = 0100 ... 1111 = 0000 ...

en b0 bl b2b3 bn-1
1 00 00O 0
1 10 00 0
» .0 1 0 9 0
1 1100 0
19e 0 1 © 0
188l 0 1 @ 0
1880 141 ® 0
18 - EL FEE HLRN0) 0
1 00 01 0
12
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* Modulo 10 Counter
e Mod 10
e Counts from0to9, then backtoO, ...

* If output is 9 (1001), want next value to be 0 (0000)

1001 - 1010 but we want 1001 - 0000
no change in LSB
don’t allow bit 1 to change (force JK to 0 — and with B3 not)
this works since no B1 change between 1000 and 1001
no change in bit 2
force bit 3 to zero (force JKto 1 —add in a path with BO and B1)

once in O state — progresses normally
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* Modulo 10 Counter
e Mod 10
e Counts from0to9, then backtoO, ...

189, 105 0% 00:00:00

jmod_10_countera_th/B1
Jmod_10_countera_th/B2
Jmod_10_countera_th/83
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e Register File — simple
e Group of n-bit registers
* Accessed via a multiplexor (address)

Address Address
5
LA Data_out , Data_out
X | / —SZzxtobH—|
Register File Register File 16
Data_in : Data_in :
16
Rl il
C we_b clk only impacts writes C we_b
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* Register File - simple

ck ™ —»

ck P —»
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we_b
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P R RPORRFRPRORRERERO

addr

7
7
7
7
12
12
12
23
23
23
7
12

data_in

472
472
472
93
93
93
93
0
0
0
55
55

data_out
? Address
?

472

472
2

2 Data_i

93

472
93

clk only required for writes, reads are asynchronous

In normal application, clock would always be running
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* Register File — multi-port
e Group of n-bit registers
e Accessed via a multiplexor
* Can have multiple inputs and outputs

Read_Address_A
Read_Address B 74
—“{ MxN bit
. Register File

Write_Address

Writes to one register 7; 74
Data_in :
i
C
we_b

clk only impacts writes
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Data_Out_A
Always reading from 2 registers asynchronously
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* Clock Divider

* Modulo counter
e XOR gate to toggle the output clock

e Divide by 24
* Modulo 12 counter
» XOR gate that toggles the output every time the counter hits 0
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