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AF Datapath and Control - Timing

AIR FORCE
ACADEMY

m Datapath and Control Design Methodology
m Datapath - responsible for data manipulations
m Control - responsible for sequencing the actions of the

datapath
Status ’s
clk [ - N 1 -
Control [~
Control
reset - ~Statns | Datapath External
Data inputs | World
R =
Control -
Data outputs .

Fig 10.0 - An abstract digital system constructed from a datapath and a control unit.
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AF Datapath and Control - Timing
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m Reasons to/examine the timing\behavior of a datapath
and control circulit.

1. First, so that we can make informed predictions about
the expected clocking frequency of our circuits.

2. Second, so that we can identify critical paths in our
circuit.

3. Third, so that we can develop our intuition about the
operation of these complex circuits.
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m Circuit from Lesson 10 — Search algorithm for minimum

An«j-\-\'\'\hfj new ik The criticad (]°°"+\" (_F"W‘ M ssons 93 ¢
u) . ' L

rrTTTTIIfTTr oo pTosooo-o---o--<  Counter RAM

e
PR
. COMBO C--ZCZ-ZZE-ZZZZZI-zZET-
I N et talateaiet SR I 100 7
E B Cﬂn‘ml . | : i ‘L ﬂddress
AR !
~—a o Qj Cw | i R <| CSRE-WE
_ 1—$ e 1L Comparator g
I . data

ME L Com 1 ¥ Mo -
10 pF———® parator mux !
cM | |
______________________________ I
oo Q D fe——————————
D
Datapaﬂ:l
= Q D[ ® ~
M

I l Control Unit

Integrity - Service - Excellence



George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York



Sw

Conirol kit FSM

MIE

>
Cornbe “

Combo

DO\‘\‘O\? o:\‘lﬁ
Cw

5 February 2021

Sw
——

(.:x'l'ema\

Woeld


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York



Before: 3 times In critical path --- Now 5 times!

o Datapath and Control - Timing

AIR FORCE
ACADEMY

m T, (A) — Ty(FF) — Propagation Delay of Flip Flops
m FF is input to OEs
m T,(B) — Qaig — OEs assert their new values

m T,(C) — SW,,y — time difference between the
application of a valid control word to the datapath and
the status input to the control unit becoming valid

T,(A)  T,(B) T, (C) T,(D) T,(E)

R A S T T

g

clk
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AF Datapath and Control - Timing
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m T,(D) — D,qiq — delay between the status inputs
becoming valid and the MIEs becoming valid

B T,(E) — Tsep — Once the memory inputs have stabilized,
they must be allowed some setup time

T,(A)  T,(B) T, (C) T,(D) T,(E)
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g

clk
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VHDL Instantiation
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AF VHDL Instantiation
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m\Binding } technique of assigning signals in the top-
level entity (caller) to the signals in the instance
uut: lec10

Generic map(b)

PORT MAP (

clk => clk,
reset => reselt,
crtl => crtl,
D => loadIlnput,
Q => cntOutput);

m Port signals clk, reset, crtl, D and Q were defined
Inside the lec10 component

m signals clk, reset, crtl, loadInput, and cntOutput were

defined as signals in the higher-level testbench .
—-
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AF VHDL Instantiation

UNITED STATES

AIR FORCE
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m We could shorten this instantiation by using the
default binding calling convention shown in the

code below

uut: lec10
Generic map(5)
PORT MAP (clk, reset, crtl, loadInput, cntOutput);

® Important Note: When you use the default binding,
the order of the signals must match the exact same
order that is defined in the entity description.

B Generates a more compact instantiation statement.

_—12
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AF Unused outputs and OPEN

UNITED STATES

AIR FORCE keyWO rd

ACADEMY

m However, we could shorten this instantiation by
using the default binding calling convention below:

entity compare is /\f /‘”
¥ Y

generic(N: integer :=4); q
port(x,y : in unsigned(N-1 downto 0); 4
g,l,e: out std_logic); C [—

end compare;
m example: compare port map (A, B, OPEN, OPEN, equal);

m Synthesis engine can remove the logic associated with any
of the OPEN signals and reduce the resources used on the
FPGA.
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AF Subvectors and

UNITED STATES

AIR FORCE Concatenation
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m There are times when we will need to rebuild a
std _logic_vector from pieces of other vectors.

m Vector is defined as signal(7 downto 0), you can

replace the limits with anything in between to get a

small subvector

m For example, you could ask for signal(5 downto 2)

for a 4-bit sub-vector of signal.

new_signal(3 downto 0) <= old_signal(5 downto 2);

Olc‘_sijm,‘ b,

b

bs

be [ &)

htw_s \j“.‘

-_—m14
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m The concatenation operation, &, is a way to "glue"
two vectors together.

m For example, to build a 8-bit vector you could legally
write in VHDL

Siqnal by | by bs\ by | by bz[l..\ o

4o, L dbih
swap_nibbles <= signal(3 downto 0) & signal (7 downto 4);

swap_nibbles <= lower_nibble & upper_nibble;

swap_nibbleg \

m These two concepts come together in the shift register used in
the lecture 11 code, which contains the following line of VHDL

code. : : e
Is this shift left or shift right?
| bt £ IO‘LH’;
shiftReg <= kbData & shiftReg (10 downto 1); RBER
7 b bo @
b(‘GO\'( k, l’y("\ b,] bg|bs| bu] bs| b: | b, | be kkbo‘t"-:) Shift R{% 6— kkDeto

obrer b}b(g bk [b ] L\Lb b
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How would you shift left?
sl\i-ﬂ'Pt’S €=

How do you make a Serial to Parallel Converter?

16
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Keyboard Serial to Parallel
Converter
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AF Keyboard Serial to Parallel

UNITED STATES

AIR FORCE Converter

ACADEMY

Nomenclature: PS/2 Keyboard

Data Input: none

Data Output: 1-bit data, nominally logic 1

Control: none

Status: none

Others: 1-bit clk, nominally logic 1

Physical Input: key press and key release events

Physical Output: |[none

Behavior: When a key is pressed, its 8-bit make code is transmitted. When a key is released, an 8-
bit break code is transmitted, immediately followed by the key's 8-bit scan code.

_—18
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ready: .

key press key release i prtss

I(( 3 /la“

‘@ «FF /
data —@ <b1‘eak ccfde

I

clk N2 N N A N N A N A N A N A N A N A
data—\mﬁA1}{2}{3)(4}(5}{6}(?)(8}(11?-ﬁt3’;’5t09

Example: how do you type “A”?
“shift”

(P

a

When we press one key, how many bits come out?

... and what do we want to decode (for HW08)?

For decoding, do we want to save a bit on the rising or falling edge?
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AF Keyboard Serial to Parallel
AIR FORCE Converter

ACADEMY

Nomenclature: Keyboard scan code reader

Data Input: 1-bit kd data, nominally logic 1 1-bit kd clk, nominally logic 1

Data Output: 8-bit scan code

Control: none

Status: 1-bit busy, nominally logic O

Others: 1-bit clk, nominally logic 1

Behavior: Interprets the PS/2 keyboard clk and data signal from a keypress event and outputs the
associated scan code. The busy signal goes high when the first data bit arrives and stays
high until the last data bit is received. Busy is low only when there is a valid scan code on
the output.

_— 20
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(
Lecll tb./ . N
Lecll
LN T ( Lec1l dp
- N reset clk —] clk
Keyboard kbelk reset reset —*| reset SW — sw
kbclk =kbd . kbclk cw — cw scan —aﬁb scan
kbdata —=—222 Jf khdata kbdata ——] kbdata
\_ J
N~ / busy |— busy
scan scan
4 Lecll _cu )
clk —] clk
reset —| reset cwW — cw
kbclk — kbclk scan ps=as8sn
sw —* sw bhsb —»
\_ J
\__ J
\__

" lven: testbench, keyboard, lec11, and datapath VHDL code, and CU mini-C

HWOS8: You desigr@ontrol FSM CU

and create[aock diagram of DH

(BBBs!)
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[ |
busy
° e
kev press kev release
YP Y

data —M ! break code Qﬂde

P

clk NN NN\ N

. data start 1 W2 X3 W a4 X s W e X7 W s Y panty stop
mini-C algorithm to decode:
1. while(1) {

2. busy=0;

3. while (kb_clk == 1);

4. busy=1,

5. for (count=0; count<33; count++) {

6 while(kb_clk == 1);

7 shift = (shift << 1) | kb_data; // oops, should be right not left shift? Why?
8 while(kb_clk == 0);

9. }//endfor

10. scan =shift[9..2];

11.} // end while 1 29
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AF Homework #8

AIR FORCE
ACADEMY
by by by b by bg by by b b by FlZ3dscise
If we do left shift { | | ’ || ] ] — b Date
Pg7¢ésd32ls
If we do right shift ““** ST T T T [T 1] ]

m Now lets build the datapath and control using the
technique learned in lecture 10.

m Your homework is to build the control unit for the
keyboard scancode reader.

_—23
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Homework #8

g?spe 51’th Coolk

1 ak

-“;‘i reset
1 kbak

1% kbdata
-”;1 state

-“;i busy
p B2 shiftreg[10:0]
b B san:0)
b B2 keyentr[5:0]

1 ak
-”;i reset
1 kbelk

1l kbdata

-”;i state

@ sw

]J:f'i busy
» B shiftreg10:0]
» B scanfo)
B keyontr(s:0]

1]
1
1
1
Wwaitstart

1]
11000101100

1e
a
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[ S =

waitstart

0
11000101100
1g

0

waitstart : aitl)
00000000000 TS (v O (O (I 11000101101
0 e e R R 3

0 WA (2 33 {4 j5 6 7 (8 )9 11
500.000000 us

B
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1
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T R R Ry R R
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