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Lugic Gates

Name Truth Schematic Boolean Circuit Dilagram
Table Notation {Transistors or Lopic Gates)

NAND [[A B [Q O=A-8
o0 (1] —1
01l —
1 @1
11 (0

NOR A B |Q Q=A+8
a0l
a1 |0
1 0|0

[ 11 [0

NOT || A [ D O=d
o
1 0

AND || A B |Q Qg=Ad-B
00 ol T
01 |0 —
10 |0 !
11 |1

OR A B O O=A+8 - 3 |
000
011 g |Iu‘3 E llwﬂ
Lol =) =k
11t gg Eg

ki
XoR [[A_B[Q] 0=d8B| * “'jD,. G
O | = B -

Hiil S NP
o1 |1 ) ) —ea
1011 { } ]'
11| ek 1

XMNOR || A B | 0 Q=dA@a| .
Dol X D|
o1 o O DD
I ) l |
11 1 LB :D-

Motes: You can build any logic gate out of MAND ot NOR gates, as shown for the XOR and XNOR. gates in the
table above using NAND gates. When converting to and from an AND to a NAND, or an OR to a NOR ina
cireuit, you must put 8 NOT gate after the new gate 1o compensate for the difference between the two gates,
Adding twa NOT gates in 8 row does nothing to & cireuil. A single input connected to the two inputs 6f a NAND
or 8 NOR is simply a NOT pate. The fransistor ¢ircuits shown abave are discussed later.
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The *+ " sign signifies an OR gate and the - sign signifies an AND gate, The following are properties;
xepy=yor xty=p+x xpx)=(xp)z xt(y+z)=(x+y)+z
xtpz=(rtpllats) x+xyp=x x(x+p)=zx N ytx-Fax
4T y=x+y  x(Ftyp)=x-y  00=0 1+1=1 11=1

140=0+1=1 ?i #0=0 x+l=l xd=y x+0=x x-x=r xér=x x¥=0 x+T=]

I].eMgr-g_n's Rule: x-y=F4+7 or ;; =% -7. This can be used to re-write logic functions, or o re-draw

circuil disgrams. Ex. You can convert a NAND to two HNOTed inputs ORed topether,

wlytz)=xy+xez
(x2 9)-(x+7)=x
040=0 0:1=1-0=0

The number of transistors required to make the common CMOS logic gates are:
AND/OR = 2 x # of inputs + 2 to invert, NAND/NOR =2 x # of inputs, NOT =2 to invert

Karnaugh Maps

Determining Logic From Tables

SOP (Sum of Products) using Minterms: & minterm (denoted m) is & product (AND) of input variables such
that each variable isa | (if =0 thenuse ¥, orif x, =1 then use %, ) and thus this product evaluates to 1, The
Sum1 of Products lechnigus is then an OR of all the minterms 1o gel the desired output. (example below)

POS (Product of Sums) using Maxterms: & muscterm {denoted with capital M) is & sum (OR) of input variahles
such that each variable is a 0 (if x, =0 then us¢ x,, orif x, =1 then use T, ) and thus the sum eveluates 1o 0, The
Product of Sums technique is then an AND of all the maxtaems to get the desired outputs. (example below)

i_'_; T‘;I z Dutpui (f) Minte“rn_m Maxterms | Notice that the 0's and 175 are always wrilten from
& 1 iy, =3jF 010 & in binary. Always do this when making
[o01 | 1 m, =T f‘ab"“-

) | 3 . —t SOP: f =my, +m +m, +m, -+ +m, since this is
R 5 LT the m:nnc?fpmdu:,-islhatemﬂtcml's. Another

| | notation is: f =3 m(0,1,2,4,5,7).

BEE 1 P POS: f = (M, ){M,) since this is the product of
101 1 = sums that evaluate (o 0's. Another notation is:
K 0 M, =%+7+1 F=T1m@.).

Note: minterm =maxterm and vice versa,
o 1 1 m, =1z Onee SOP and POS are written out, draw out the

: implementation of the circuit that uses the least
amount of fogic gates. In the above example, the POS would be chosen. To build these circuits, place ﬂ-.t?:puls

or their compliments into the max/minterms and then connect these outputs o a single large AND or OR gate,

A technique used 1o minimize & logic function so that minimum circuit elements are needed. The steps are:

1. Draw a tablz with the number of cells equal to the number of values in the cutput fanction, The number
of columns and rows should be multiples of 2, such as a 2 x 2 table, 2 x 4 table, or 4 x 4 table,

2. Write out one or two variables across the top and one or two along the side as headings, always writing
each heading as only one bit away from the next, such as @, 1 or 00,01, 11, 10.

3. Fill in the table with the function"s outputs as 0"z or 1's in each cell.

Group together the largest number of 1's as possible using only rectangles in sizes of 2' such as

1,2,4,6,efc. You must group all the 1's no matter how many rectangles it takes, The rectangles can be

made by wrapping eround the edges of the Kernaugh map because these maps are cyclie. Look at which

variables stay constant for each rectangle and if they are Tox| 00 m 1 ]

constant gt | then use that variable or if they are constant i 3 5 T~ w
at 0 then use the compliment of that variable to wrile out 1 ) T ] T
& minterm for SOP. This can also be done by grouping

0's and using maxterms for POS. Always use the largest  Exanple o’

rectangles e these need the lease number of variables.

5. Done Care’s: if some of the outputs do not matter, then when writing the values into each cell, leave
them as @'s, When making rectangles, you can simply include these and make thern 0 or 1 as needed,

6. Write out the functions together as a product for POS or & sum for SOP as done before.

Riog Oscillators

Are compaosed of an odd number of NOT gates arranged in a circle after which an output is taken from one

position. An odd number is needed since an input pulss of 1 will be 0 the first eycle, 1 the next cyole and so on

If an even number was used, the same input would be cutput elways. The period of oscillation is given by:
period(T) = 2x( gatedelay ) xn

Where n is the number of oscillators in the ring. The 2 is there since each NOT must go through two changes of

value (and therefore gate delays) before the oscillator completes one peried (changes back to current value).

CMOS Transistors

PMOS t'raln':amn: make up the pull up network of a CMOS circuit. This is called pull up ;
because it brings the output, L, to the V.. voltage which is typically 5V. A PMOS L7
transistor acts as a switch that is closed when the input Is 0 and open when the input is 1. Takip
Tovealize & PMOS cirouit, take the function, for example for a NOR. (f=x+y=%5)and [ Pt
separate it into individual vas i i i GINOR)

parale it into individual variables. Then notice that PMOS transistors take the 3
compliment _:}I‘the inputs already, thus in this example just AND (put in series) each of the §‘ l_'L
PMOS wensistors, connecting the bottom end to L and the top to V. |
NMOS transistors: ol L ot

nsistors: make up the pull down network of a CMOS circuit. This brings the Metwork

output, L, to ground (0¥). A NMOS transistor acts as a switch that {5 closed when the (NMOS)
input is 1 and opellifhen 0. To realize a NMOS circuit, use the opposite of a function, for |grawn

exa?P-lt;:“ F=x+y=x+y fora NOR, and separate it into individual variables. Then d
notice that NMOS transistors don’t use the compliments of th inputs, thus for thi j i
parallel) esch of the NMOS transistors, connecting the oo to L mr-)duthn b::mul; 1o :J:lip}”m TR

Binary and Hexidecimal Numbers .

To convert between decimal and binary numbers where b, b, are the digits 0 or 1 in binary:
#indecimal =b 2" +b 2" 41 b -2 44, 2°
To convert between decirnal and hexadecimal numbers where #,..Jy are the digits 0-9, A-F in hexadecimal;
#indecimal = h, 16" +h,_ 16" &+ by 16"+, 16"

Multiplexers (MUXs)

An selector input, 5, can be used 10 select an output from the inputs depending on jts B A
value, In the diagram shown, when 5, =0 then A is selected or when 5, =1 then B is

selected. This is the case for a 2-to-1 multiplexer as shown here, but larger w 4
multiplexers can be made by having n selector inputs for 2" inputs, each being selected

by a binary combination of the # selector inputs,

The logle function of & 2-to-1 MUX is: z=F,A+ 5B,

A 2-to-1 MUX can be used to make an AND, OR, or NOT:
AND:letB=b A=0,and 5, =g, then z=a-0-+ab=ab.
NOT:letB=0,A=1,and 5,=a,then z=3-1+a-0=a.

2
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OR:letB=1, A=band 5,=a,then z=Fh+a-1=a+h.

© 2007 Review-Mate e



Review-Mate

ECE253
Latches, Flip-Flops, and Their Uses
Name/Deseription Truth Table Circuit Layout Schematic
SR Latch: the mosibasic || R § Action R a
memory unit. Itis 0 0| Keeps value =5 qp-
| compased of NOR gates 01 Oml
| R resets the O cutpot to 0, ) o=0 R
e 3 (o] o
hnd S sets it back to 1. 11| g=0 & 5
Gated S Latch: his ClkR S Action
has & clock, E, so that the 0 d d | Eeeps valus
|5 and R inpwis can enly 1 00 Useless -5 a
| pass through when the 101 =1, 0=0 | 7
clock is activated. 0=1, Q,._ﬂ _E -
1 10| g=0, =1 R
I 11| g=p=0
"l T Gated Lateh: stores
the input, D, for one eycle || Clk D Action
when the ¢lock{C/E) 1 o0 d Keeps value - Q-
switchesto 0. g =0 1 0 g=0=0
when O =0, =0 [ @=1,0=0 -E_9-
when C=1.
D Flip-Flop (DFF):
stores the input value at |7 kD Achion —
each negative clock edge Felling 0 0-0
{only once per period), T — T P
Pos trig, is made if NOT o g=1 Neg Trig/Pos Trig
| is moved to other D latch. .
JK Flip-Flop: T sets and J K Action |
K resets at pos edge of a0 Keeps ) -
Clk since the input is 01 =0
D=5+ Q. 1fhoth - Setige Naot Meeded In This Course :3; al
on, the o tig in ; i}
utput is invened 11 0=0 T
T Flip-Flop: when T (s 0
the input is kept, when T Clik T Action =17 o
is 1 the input is inverted Rising 0 | Keeps value | | Not Needed |in This Course
at pos edge of Clk. Rising | Flips value -+ O

The following &re some applications of flip-flops and latches:

Name/Description

Circuit Implementation

“Asynchronous Count-Down: placing a 1 value at the
input 1o & chein of n T Aip-flops will count down From

1
2" = | to zero, esch number triggered at the pos edge, T S T =
Since there is a delay caused by one output being the
clock of the next flip flop, the more gates there are, S M & e
|| the longer until the output bytes will be realized, The afl al
last bit (92} is the most sig. bit in the binary count.
22007 Review-Mate i
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Synehronous Count-Thown: this solves the clocking ol a1 | ol
problem found in the previous exemple by using AND 1 d1 g ».J T oa ’J T ¢l
gates. The AND gate is activated when q0 and gl are
both 1, thus reseting the value of 2. Motice thatall | co. ] = T LT
the clocks are the same, T 1— "

. Asynchronous Count-Up: similer to the count down | JGU i J‘” :
where ( from each flip flop gives the output bits, but =7 Q - Q -7 Qp-=
the @ value is used for the next fip flop’s clock. .
Gk — : :
When q0 is 0, then g1 flips, and 50 on, g j T
Synchronous Count-Up: similar to the sync. Count- [0 T
down in thal AND gates are required. The AND gate 1 J7 g T- Y
is activated when gl and g1 are both 1, which then
flips g2. All the clocks are again identical, Cie r> ] . g ]___} e
Shift Register: a single input x is shified through a |<zﬂ al ]
seriea of DFF's from one to the next at each positive P [ R | I p— —p Qa1
clock edge. The O from each flip flop is then an
output, thus i1 DFF"s are needed to have a bits of it o 4] (] -
autput, which will take n clock cycles to load. r r r>
Register: simply a DFF's with a common clock, » PSS x3pin
inputs into their D inputs and noutputs from their @ | L ] L
outputs. This is the same design as the Shift Register
but each € is not connected to the following D in a Cik —> ol
normal register. The circuit symbols for both are
shown 1o the right with the Register on the left and the | ———— | EER—
Shift Register on the right, n Ousputs n Oulpuits
Synchronous Up-Counter with Cutoff: implemented for a 2-bil count-up by connecting the g output back
through & NOT gate to TFF1’s input, and through an OR gate with TFF1’s output to the input of TFF2.
Synchronous UP/Down Counter: implemented using multiplexers to select 0 or @ as the input to each T,
Adders
Half Adder: this simply adds syl | Full Adder: this involvea a carry P
two bits, x and y giving a sum | | | inbitand the other bits from the | |
s, 5 =xF +Ey =xBy cﬁ.‘!.. HA half adder: =R 5 R B T g L Gii0= 1) HA
and a carry aver bit, I = eI +EX T HEX Y eny, -
hich & % | A al]
€,y =X}, which is required sl ,or 5,=x8p Bq,. [=in
to carry @ second bil when x=y=1. A full adder can be wo
N-Bit Ripple Carry Adder: composed of ¥ | made from two half . | ) cfiovz) HA
full adders in series with each carry out being | addersasshown o S0*11} - fell T
the next adder’s carry in. This adds two N bit | the right. =i
umbers { Ky, o %, ) 806 { Yo p0en Mosy o gli
Fast Adder: this adder lcoks ahead using a SOP circuit by using, ¢ = 3,3, + 5,6, + ¥ty an'&—sugk;—igm
o, =5y 56 + Ko and so on, This look ahead techrique can reduce the time needed to caleulats sums singe
the initial carry in, &, can be used to caloulate all future carry outs, instead of kaving to wait for each step to be
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Sipm Hit: mos: significent bit now represents either positive (0] or negative (1), The range is: {“2"" $13t _1j_
s Compliment: simply fip ell of the bits. Ex, -6=~(00110)=11001. The range is: (2" +1,2 ).

2's Compliment: flip al! the bits and add 1. Ex. -6 =~{001 10)+1=11001+1=11010, Range: {-2"‘,2""4},
Ancther method to find the 2°s compliment is to find the frst 1 from the right side of the binery number, and then
to (ip all the digits to the left of that 1.

Dnly 2's Compliment works in all cases for addition end subtrection of positive and negative numbers. Note:
having asigned hit reduces the maximum value of that number of binary bits since one less bit can be used. See

the following example! 111is: 7 when given as unsigned, -3 when given as signed, -(000)= -0 when piven as
I"s comp., and ~(D00-001)= (001 }= -1 when given s 2's compliment.

Nate: converiing between a number given in 1's or 2's compliment to a hinary number is the same as eonverting
anumber into 1°s or 2°s complement from a binary number respectively. Also, in all cases of signed bit numbers,
the 1 in the signed bit represents negative, and the positive version of the numbers are all the same,
Over Flow in Adders: this oceurs when ¢, and ¢, , are not equal. overflow = e, Be,, =5, 6,5,
is the signed bit and ¢, | is the carry from the MSB before the signed bit.

Subtraction: is carried out for 2's compliments by:

X—¥=X4(=¥)=X+(fMpped ¥)+! and for I's compliments by:

XV =X4(-Y)=X+(flipped ¥). During subtraction of two numbers, wh-y )
if & carry oul cocurs from the signed bit position then ignore it if you ars Cloul)

- Where ¢,

using 2°s compliment numbers, or add it to the lease significant bit for 1's -Gl Bddar =1
compliment rumbers,
Subtractor: simply an n-hit adder with one set of inputs inverted and a | s{n-1] 10}

in the carry in place (since 2's compliment #'s), This is shown to the right:
Adder/Subtractor: adding a series of multiplexers 1o one set of inputs and having one input o each MUX being
the eriginal input velue, while the second input being the inverse of the input value, therefore allowing yau 1o
switch between an adder (criginal inputs) and a sublmactor {inversed inputs) by setting the MUY selector value.

Finite State Machines (FSMs)

Moore FSMs: outputs in this type of FSM are tied to a state. Next state depends on the inputs and current state,
Mealy FSMs: oulpuis and next states in this type of FSM depend on the current state and the inputs, This type
looks ehead even though it is in one state at the current time, the output can be changed by changing inputs.
State Bits: are binary digits that assign a number to keep track of each state, these ars denoted by 5,85, . The
next state is also assigned state bits, denoted as 5,",5,",.... ‘The next siate is selected on each clack pulse.

State Dingram: displays each state as a circle and the transitions between states &s arrows. For Moore FSMs the
outputs are within the states, while in Mealy the outputs are along the srrows. Inputs are along arrows in both.
State Transition Table: shows the relationships between the current state, next state, inputs and cutputs., Note:
that in the Mealy table, the cutputs wil! depend on the inputs as well as the current state.

Kurnmugh Maps: after the stale transition table is mads, the next state bits and the output bits are determined
using Kamangh maps. The current state bits and the inputs ere placed as the row and column headings to
determine & FSM's next state bits and outputs, except in a Moore FSM where only the current state bits are used
1o find the outputs. Using the resulting SOP or POS functions created from the maps, the functions are created
on a series of DIFs, one for each state bit. Actually the input to each DFF is one of the next state bits T B

while the output is the matching current state bit (ex. 5,). This is done since these output bits loop back through
logic gates to the inputs of the DFFs again, controlling the next states of the FSM, The oulpul bits are realized

through logic pates connected to various places in the circuit using either current/next state bits or inputs (Mealy).

The following shows Mealy and Moore implementations for & vending machine FSM.” The mackine only accepts
one dellar increments denoted input, s, and will dispense when the button, p, is pushed. Three outputs of the '
machine are diet cola () at §1, regular cala (<) 6t 52, and beer (b) at $3. The Moore implementation is first:

State Next

Bits | Input | State | Qutput

State 55| sp .r,'.s;'s:_ dch
ad 400

80 (1] 01 00 000
10 001
(] 001

.51 001 01 o1l 000
10 010
00 010

52 010 01 140 0no
10 101
00 0o

d a1l 01 000 100
10 001
| 00 0

(] 100 01 R0 014a
10 01
1] 0

b | 101 ]} 00 anl
| 10 ddd

Notice there was only 1 output for 4 possible inputs in each state, Alsa thesp=11 input was not written here.
This was simply 1o save space. Mormally you write this state, even though not possible as given in this question,
smdl write Don't Care's (d) for all next states and outputs s was done for the Mealy Implementation below.
Mealy Implementation:

State Neat ALl
|S:,a.u: Bits | 10PUL | Seate C:im‘;ﬂ i =1, p=0 ioﬂjg
an | P | 5w | 0° —— bec=d=D ¢
W [ @ | 000 | ——f o
or | o | ooo
01 00 ) 30 ! o1 | 000
1 | dd | ddd
o0 | 01 | 000
o1 | oo | 100
S0 g ] 1w | oo 5=1,p=0 Sradn
1 | dd | ddd b=1, c=d=0 .
B | 160 | 000
ot | o0 | 010
20 01 10| | 001 =0
11 | dd | ddd 4424

Naotice haw in the Mealy [mplementation
the outputs depend on each cembination of
inputs for each current siate,

© 2007 Review-Mata -6-

The next step is to draw the Kamaugh map for each output and net state bit._This will only be shown for Mealy,
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Since in Mealy. the rext state end outputs depend on the current state and on the inguts, all of these mus: be Verilog

factored into the Kamaugh map for tha next state bits and the outputs, (in Moare FSMs you don't fectar in the

Verilog: is a programming language used to model electronic circuits. There is o variety of new synax to learn,
inputs while determining the outputs, but vou da when finding the next state bits). Below this is shown for 5*:

toa much 1o cover here, but it is summerized in tables in the textbooks for the course,

This Kemevgh map gives; 5" = ss, + 55, . ) ipigs, (0001|1110 General Layout for a Moore FSM in Verilog:

Doing this for &l of the outputs and the other state bits gives: 00 gloldli module name{w, z, Clock, Resetn)

So' =Fpy +RF . d=psy, c=psand b= o4, Thisis then implemented on 01 ejo/d|o input Clock, R.;scm, w3 defines whet are inputs

two DFFs with the input to the first one belng 5,” = T, + 53,5 and {ts output 11 dld|d|d output z; defines whet are outputs

NG By IR e gl o il it & =an 4 90 wnd p Iniopo L2 L L84 LD emameteg A2"500, B=b01, C210; o b e
A5 you cen see frum thete functions, the inpuls of the DFFs are derived from the outpuls of the DFFs, which / ﬁ;nm(eifneeded not fn this ;mpie), used for connecting two devices

mukes sense since the next statz (input) is derived from the current slate (output). Thus connecting these along !

with the outputs through logic gates to 5, and 5, the finite state machine will be complete.

} #MDefine the next state combinational circuit =
Multiptying: a finite state machine can be used to contml a pair of adders that represent multiplication, sing !

always @(w or y) changes whenever these parameters change
adders, multiplication (for example if you want X« ¥ ) is done by adding X to another vardable A, ¥ times, A case(y) checks current state
common clock controls two registers that bath have an enable on the clock input so that they can be operated on Ariftw==1) Y=R nexl state based on the input
their own when needed. The inputs to the Y-register can be selected between the initial ¥ walue, or the output else Y=A; nex! state in else case
from an adder in thet eircuit. The inputs to this adder are the ¥ register and -1, thus the adder is used to decrease Briffw=1) Y=C, nexi state based on the input .
¥ from its initiel value i zero. The second adder circuit has the M register which has inputs thet can be selected else Y=4A; next state in else case
as either zeyo to intislize, or the output of the adder in the circuit. The adder adds X1o initially zero, and Ciiffw=1) Y=C; next state based on the inpul
continues to add X0 the sum vatil we know that ¥ = 0. To determine if ¥'= 0, you NOR all the bits of ¥ output else Wi next state in else case
from the ¥ register since if any one of them is a 1 {nat zero overall) then this output bit will be 0. A FSM is used deluult: Y=2"huxx; defanll case
to control the cloeks, and the MUXes that control the initial inputs 1o the registers, endcase
Processor Basics
An in-depth deseription of 8 basic processor is discussed in cluss us 15 the code Tor (he GRK processor 50 the only /{Diefine what happens on Clock (move to next State) and Reset
the basie companents of a proczssor will be considered here. g always@(negedge Resotn or posedge Clock)
Transmission Gate: is used as a switch, that is closed when B = 1, and is open when B = if (Resetn=={) y <= A; resels o state A
0. These are used extensively to connect/disconnect processor components to the bus, else y <=7, assigns next state lo current state reg ns defined above
Bus: is a serfes of wires (r wires for an n-bit bus). These wires connect to most if not all . . ,
. | the eomponents of the processor such as registers, ALU units, memory, elc. This {/Define Ouputs here since they don’t depend oa inputs above in the first always block
functions s the spine of the processor, transferring data to and from the companents so they can communicate to assignz = (y=C) sets z=1 when in state C
euch other. Each time date wants to be sent to the bus, & control bit must switch a transmission gate, then only
the component with another control bit tuming allowing the data in will actually use the date from the bus, endmadule

Check Bitr used to determing if there is any dats on the bus, It is simply a large n input NOR gate, indicating 1
only if all the bits on the bus are 0.

Arithmetic Logic Unit (ALU): 2 unit that can add/subiract in simple processors {may do more complex
calculations in complex processors). This does not nead 1 clock to operate, just like adders/subtractors. An extra
regisier is connected to the ALU and the bus so that you can preload one set of data in this and then el the
second set of data directly from the bus for the add/subtract operations.

Program Counter (PC): gets as a pointer 1o an address in memory. An adder can be used to increase the PO
either by a predetermined value from data, or simply by | to select the next address of memary, B

001 10101 1}101010]05
Bits in Memory: typicaly arranged as: where the first set of bits is used to

indicate a softvare instruction such as add, sub, load, etc., the second set of bits indicates the source register, and i
the third set is the deslination register. The remaining sel is the data to be used by the operation. If sither of the
repisters or tae dats ere not needed for an aperation, the sorresponding bits are left as zerpes.

Note: you don’t need “reg 2" since you only need reg when changing & register in an always block.
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General Layout for Mealy FSM:
medule neme(w, g, Clock, Resein)
input Clock, Resetn, w,
output
regy, ¥,z need reg z since it changes in an always black this time
parameter A=), B=|;
wirg ... (if needed, mot in this example)

define everything you need (same as Moore}

HDefine the next stets gnd the cutput combinationel cireui
#Youdefine outpats here because they depend on your inputs

elways @w ory) changes whenever these parameters changs
case(y) chegks cument siate
A if{input)
begn z={; set output depending on input
¥=8; next state
- end
else
begin z=0 set output depending on input
Ye=hy next state in this situation
end
B iflinpat)
begn z=1; set output depending on input
Y=H; next stats
_ end:
else
begin z=0 set output depending on input
Y=A; next state in this situation
end
endcase

/{Define what happens on Clock (move 1o next State) and Resel (same as Moore)
always@(negedpe Resetn or posedge Clock)

if (Resein=10) y <=4, resets o stale A

else y<=Y; essigns next state as defined above
endmodule
MNotes about all Verilog:

'bl0 = binery number 10

'h10 = hexndecimal number 10

4'h100 = 4-bit binary number {1}

4’hx = unknown binary d-bit aumber omx

wire A[7:0) means B-bit wire, Access an element 1 by Ali].

Setting A[7,0] = 7'50100111 setseech clements as; A[7] =0, A[6]=1,4[5] =0, ete.

tri [7:0] makes an 8-bit three way cornector,

Arreys can be set equal lo each other, and each element will then be copied over between them.

Review-Mate ECE233

Assembly on the 68K

Representing Numbers:

#1000 - is the decimal number one thousand

EEL000 — iz 1000 in hexadecimal cr, 4096 in decimal.

Instructions: are of the form: expression  source, destination  comment

For instructions such as add, would da: dest = dest ~ source.

Bit Sizes: Most instructions are [ 6-bit, but some may be larger depending on the size of the data required,
Addresses are alweys 32-bit, In the 68K there are 8 data regs and § sddress regs.

A" b" efter an expression uses bytes (B-bit), *',w™ afler an expression uses words {16-bits), and *.I" after an
expression uses long words (32-blts). If none are placed after an expression then the word size is the default,
Registers: Address registers on the 68K are used 1o store (or point) to address locations and dote registers on the
processor are used to temporarily store information so that operations such as addition and subtrattion can easily
he done 1o the numbers stored, All registers in the 68K are long word size, but the data registers di,... 47 cen use
bytes, words, or long wards, and the address registers al,...,a7 can use words and long words.
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Lahels: are all capital lettors and represent an address.

org statement: used to tell the processor where the stert of your code is. So in the below example, the first code
following this org statement would start at address 1000 in hexadecimal (address 4096). Each number is one byte

(B bits) in memary.
org 51000

Addressing Modes: there are many ways to move data in assembly:

move  #10,a0
mave  H100,(al)

move.b #10,(a0)+

move  #10,-(ad)
move  5{al),d0

move 100(a7 d0),d]

An Example:
org 1000
move #21,11
move 0,d0
move 11,d1
add  dOdl
add  dl,11
move dl, 10000

a0=10, (address stored in register = 10) )

puts 100 into the location where a0 points to. Therefore, (10)=100. In other wards [1000)
means location 1000,

moves 10 to value pointed to by 80, then al is incremented by 1 1o the next memory
location. This is as follows, (a0)y=10 then a0=a0+1. (aD)- decrement afterwards, If
movew was used then address would be incremented by 42 at the end, and +4 for movel .
pre-decrements, thus  ab=a0-2 (2 since a word), then {a0)=10.

d0=contents of memory location (al+5). Useful for passipg parameter inlo subrontines us
will be discussed later, a0's address does not change after this instruction is complete.
moves value at Jocation, 100 + a7 + 30, Assume a? = 1002, &nd d0 = 6, then the location
is 1108 = 1002+ 6 + 100

starts at 1000 byte

pleces the number 21 into memory location 11,

places 0 into the register 40,

dl={11}=21, puts the number 21 into the register d1.

dl=d1+d0 therefore d1=21.

dl=d1+{11), adds 21 to 21 and stores in d1. Sod1=42,

puis 42 into memory location 10000,

Example Memory Sizes: all given in bytes:

Instruction

Size of Instruction Exira Data | Reasoning For Data
org $1000 I
move d0,d1 2 [0 | repisters = 0
add]  #1,d42 2 4 long = 4
move d2 #2000 2 4 address = 4
cmp  #1,d2 2 2 word=2 R
beq  LOOP 2 0 | branches = 0
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Condlitional Branches:

cmp  statement used to set the Stalus Register (SR, 2 register on the 68K processor reserved for storing

compare values amongst other things) values for c,z,n, ¢lc. to values depending on the erguments of the
omp Saterment, Exemple:

emp  dd] sets SH bits based on dl-d0, but dassn't store result back in d1,
After a compare (cmp) statement you fypically want to branch o another address using one of the following:
Operation (b or (dhxy) Braches if source is,. . destination
bge Greater than or equal to
bt Greater than
hit Less than
ble Less than or equal (o
bne Mot equal lo
| beg o Equal o
bra _ Branches Always
bst Braches to Subroutine

As an example of the SE usage, byt branches when z=0 AND n=0, o

All these operations can be donc using “db” instead of “b" which decrements the value and then branches 1o (he
location, Forexample:

dbra ol #1000 decrements dl by 1 and then branches 1o address #1000,

Analogy of Assembly with C Lanpuape:

Caode in C Longuage Code in Assembly (d0=g,d]1=h)
a=2; move 2,40
for(b=10;h>0;b--14 move #10,d1
a=a+2; LOOPT add dogd]
} . sub  #1d]
comp  #0,dl
/ledds 2 v i=elF 10 times bgt  loop?

The 68K Stack: the bottom of the stack has the highest memory locations and the top has the lowest memory
locations. 50 apush onto the stack requires & decrement of the address pointer. Address register 7" is the
address pointer reserved by the processor for stack operations, The stack uses last in first aut
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{LIFO) ordening just as in the common C Janguage stack. 0

Push: place or write 10 top of stack

‘move #10,4aT) decrements the wp of stack to empty location end then places len
a3 (ke value at that location

Pop: repdd or take off top of stack g ] wia

move (a7)+d0 increments the pointer to the ane below the top after the valus at
the 1op of the stack has been placed into d0)
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Using the stack on the 68K processor to call subroutines:
You do not always need to push and pop to call subroutines in assembly with the 68K processor, The procedure
is simplified by using the following twa commands:
bsr  adr  pushes the eddress immedistely after where this bsr is in the main program
and brenches to the address specified by “adr”, (adr can be & LABEL).
s pops the op 4 bytes {the return address) ofT the stack and jumps to it

Therefore simply type branch-1p-subrowtine (bsr) and specify the eddress where the subroutine staris in order to
call the subroutine you want. Then at the end the subroutine you must have rs to get back to the next ling where
you left off in your program.

In order to pass parameters (o the subroutines you ¢an do one of two things. Place them in registers as these are
available to all subroutines. Or you can plece them on the stack and use the last addressing method shown above
to gel these values back. For example: =

move #14,4a7) places 14 on the stack

bar  sgr branches to sgr subroutine

move (a7)+dl  mssume this to be at address $1000 so program continues from here

sqr - move 4{a7)d0 skips the return address to get 14 off of stack and puts in d0

mult  ¢0,d0 does an operation to d0
move di,d(aT) moves result back below return address on stack - -
s returns to address $1000 in main program

‘This program places 14 on the siack by decrementing the a7 peinter. Then branches to subroyting which puts the
long word address assumed to be $1000 in this example onto the top of the stack and decrements the stack
pointer, a7, by 4. Then in the subroutine, sqr, the 14 is retrieved by getting the value ot (a7+4), The value is
squared and retumned to that same location, Then rts returns you back to address $1000 where the a7 register was
left, The value held here (1472-196) is then put into the data register d1, and then the top of the stack is moved
down by 1.

Polling Input/Output: used to stop the main program from it’s operations when a new input is ready for the
processor, for example n keyboard button is pressed. Assume when $200000 has the value 0, no key is pressed,
and when itis 1 then a key is pressed. Also assume the address $200001 is the value of the key pressed, Then
the code may be:

wait movelh $200000,40
cmp b #0,d0
beq wait keeps looping until key is pressed
move.b $200001.d1  stores which key is pressed

This method is resource intensive because the processor is constantly being used o determine il a key was
pressed of not. A better method to use is interrupts.

Interrupts: an interrupt is a signal sent into the prosessor that when equal 1o 1 pauses the processor’s current
operation and begins to process an interrupt service routine (whick first invalves pushing the return address onto
the processor siack, then pushing the status register onto the stack as well 5o that no information is lost for when
you return to your crigingl program that has been interrapted). The interrapt sarvice routine is programmed in
assembly and each specific interrupt (one per device) has a different interrupt service routine that is stored in the
interrupt vector table. At the end of each interrupt service routine you must have en “rte” statement which acts
like an “rts” statement, but also restores the status register which is saved when the interrupt occurs. The
difference between a subroutine and an interrupt service routine is that you don't have to call the interrupt service
routine lke yeu do with an subroutine, and thus it can happen at any time when another program is running,
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68K Memory Bus: there are 24 eddress bits {ouy i
¥ 11 = 24 edd put from processor), 16 date hits, i
the 88K, processor to memory and devices. The three control bits are; ST S

l‘:.‘Ilt =1 when masier is ready, output from processor
SR i | when sleve is ready, output From device
R/ 1 dor reading/0 for writlng, output from procassor

The address bits are set by the processor according to ¢ i
! g to the address required as follows:
Assume address 57000 is needed, then this hexadecimal number is representad in hinary as:
@iy = D000DOC01 1000000000000

0 0 7T 60 a0 0

So eech four bits represent one hexedecimal number since the
ual in this case:
ey 'y can equal up to 16, Therefore in this case:

Examples in relation to assembly;
move $1000,d0 reading from eddress
1. Proc: sats all eddress bits to correct velues as determined b

y sbove methed, R/IF =1 =
2. diy..d, = conteats of $1000 end $1001 (since a word is two bytes). SR= 1 AR
3. Processor sets MR =0, ' ‘
4. Memory sets SR = D,

move #11,52000 writing 1o address

. Proc: sets all address bits 1o correet values as determined by above method
dy,.d, =000000000C00101 1=#11, R/W =0 and MR =1 .

‘When write complate, SR = |,

Processor sets MEL= 0,

Memory sets SR =10,

el s
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Ports =

Ports are wsed to sandardize the cannection hetween & processor and a device since the eddress bils, data bits,
and control bits may be different for each processor type. There are two types of ports that will be discussed,
these are parallel ports and serial ports, both depicted on the following page.

Parallel Ports: the 68K processor's parallel port consists of § input lines of data, 8 output lines of duta, one input

ready signal, and one output ready signal. To setup the port the following must be done:

1. AND together sl 24 eddress bits, with the bits thet are supposed to be ones corresponding to straight
wires, while bits that are supposed to be zeroes corresponding to wires that have NOT gates on them, The
port itself has an address ($7000 in the examples in class), and this is the address that you need the bits to
match. Therefore, only o, =1,a,; =1,a; =1 shouldn't have NOT gates.

3. The output of this large 24-bit AND gate is then sent to fwo, three input AND pates with the MR bit, and
the R/ senttoeach. The R/ will need to have a NOT pate before the output circuit AND gate
{writing to the devise connected to the port) and does not need a NOT gate for the AND gate on the input
circuit (reading from devies),

1. Lel » be output from the read op AND gate, and y the oulput from the write op AND gate.

4. Input from the device is stored from i, ..Jr, in & register which has the input ready es the clock input,

5. The outpuis of this register have transmission gates controlled by x, so that whenx =1, the inpsts are
copied to d,...d,, the data Bits used by the processor,

6. When y = 1, the data bils are copled to outy..ouly

7. The SR (comes from port, not device) is connected to a transmission gate with the constant value of 1
where the input 10 this trensmission gate is controlled in by x +y {“+" is on OR gaie).

Examples of how paraliel ports work:

move #22,37000  writing to device connected to port
1. dyy,,=57000, R/W =0,MR= |, d,..d, =22
2. ooport: y=1,x=0, d,..d, =122, SR = 1. Someone connected to parallel port outside device reads H22

from port.
3. Processor sets MR = (.

move $7000,d0 reading from device connected Lo port
1. dlyy..a,=87000, R/F=1MR=1,

2. onport:y=0,x=1 &..,= 50 (what the connected dovice is displaying to the pon), SR =1
3. Processor reads d,..d,= 50, copies #50 to d0, and sets MR = 0.
move  $6000,d0
Mothing happens with the port since $7000 is the only address used by the port for communications,

Serial Ports: only ane bit in, one bit out, and & clock are needed since a serial port wilizes a parallel port for
most of the functioning. The single input stresm goes through an B-bit shift register that has outputs connected to
i,..in, of the parallel port. The input ready of the parallel port is controlled by & 3-bit counter that counts up t
8 and which has its three inputs ANDed so that when 8 is reached (all B bits have heen transferred through the
shift register) the input ready becomes 1.

The out,...out, bils connect to a regular register which hs the clock coming from the output ready of the parallel
port. The outputs of & second 3-bit counter control an 8-to-1 multiplexer that’s inputs are the outputs from this
register, This 3-bit counter has the output ready connected to its reset 50 that if there are no data bits on

out, ..ol (thus output ready = 0 end the register in the serial port stores no data) then the 3-bit counter resets
itself to zero. The output from the multiplexer is selected using this second 3-bit counter which cycles through 8-
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bits ot a time outputting them onc by oneina single wire which is the required single bit output.

© 2007 Review-Mate s



Review-Mate

ECE253
[ in0
® (Out Reaay) | oo |
//J“\ | J_ Register ﬁlg‘;zy
R —————L A ?& ?.x
MR ————————— Yoy
do 4 (
SR 1
| Address Parallel Port Camponents
| Bits
* b L
} Bit In
3-bit
Counter =Clk |
Shifl Register {f—Clk
In Ready I g LN Ty
l ||'|? in0
- . [ TEitin
Parallel 4 —Clk cul? oulD
POI‘I BAe b 1
Cut Ready
Bit Out Register
Serial Porl [
Clk
Serial Port Components 8-to-1 MUX Ci:?\lile‘r(—
Bit Out reset |

Gaod Luck on all your exams, We wish you the very best in all your Academics!
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