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Objectives

« Topics:
* Access Time
« Synchronous/Asynchronous Interface
 Time diagram
« System Clock "SysTick"
« Examples
* Reading:
« “Arbetsbok” chapter 5
- Datasheet "ASCII-display”
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Access Time for Different Units
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Synchronous Transfer

Requires synchronization Centralenhet 5557

- A special signal, "Enable", has to be used to specify 555

exactly when data exchange is to take place. Minne/
Memory Read (MR) »| periferienhet

Memory Write (MW)

Klocksignal

Enable

"Enable’

Raising edge Falling edge Raising edge

The rising/falling edges define the synchronization. The signal is often called "clock signal”
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AsynCh ronous Transfer The peripheral unit has an interface

(register) with a status bit indicating
whether or not data is available.

Centralenhet WM Periferienhet

Receiver n Receiver
Ready? Ready?
J J

Memory Read (MR) >
Memory Write (MW) >
Send Data Send Data
to receiver to receiver Valid Address (VA) >
l < Acknowledge (ACK)\
< I
A\ Klocksignal >
Busy Wait Polling

Does not require synchronization but requires special "handshake signals”.
Therefore, such an interface we call "asynchronous".



CHALMERS

Synchronous and Asynchronous Interfaces

Enable Klocksignalm

Centralenhet

%0

%57,

Centralenhet

Minne/
Memory Read (MR) p| periferienhet
Memory Write (MW) >
Klocksignal >
W Periferienhet
55555
Memory Read (MR) >
Memory Write (MW) >
Valid Address (VA) >
Acknowledge (ACK)
Klocksignal >

|
Klocksignal \_/_\J_\_/_\ﬂ

| |
VA | )\ |

|
MR/MW | / \ |
|

Acknowledge Ack | / \ o

Synchronous:

A clock signal from the
central unit determines
when data exchange
occurs

Asynchronous:
Handshake signals
determine when data
exchange can occur
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Time Diagram — Basis for Synchronization

Write cycle: data is transferred from the CPU
to peripheral device

i (1)

tw

A

Y

-

tsu1

Enable |
i_______________

-
Lt

L ts;||2 -

<t
-

th

|
Data |
|
|
]

Write cycle:

1.Set the R/W-signal to 0 (a bit in a specific port)
2.Wait at least tsul ns.

...DATA...

te

A

3.Set the enable-bit and wait at least tw ns.

4.At least tsu2 ns before reseting the enable-bit, write the data to the

data bus (a port)

5.Reset the enable-bit.

Y

6.Wait at least th ns until starting again (and set R/W). Wait for at
least a total of tc ns (cycle time).

Th

Hola ume, auraton (arer negative edge

Read cycle: data is transferred from peripheral
device to CPU

R/W

|
Enable
| (

Data

/

L.

A

tsu

tw

Y

A

to

/A

Y

Read cycle:
1.Set the R/W-bit to 1.

2.Wait at least tsu ns.
1 (high @n 3 .set the enable-bit to 1
4.Wait at least tD ns.
5.Read from the data bus.

€ positive

...DATA...

te

A

re negat 6.Wait at least tw have passed.

ofore neg

7.Set enable-bit to 0.
8.Wait at least th ns.

9.Modify R/W if you want, but wait for a complete cycle time of tc.

Y
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Write Cycle

Examples: Interface/Algorithms . . .

|

I

- i I

. su1 h -

Data-register / Enable , e '
|

|

|

f

A
Y

Byte to be transfered  |pg;|DB: |DBs|DB: |DB: |DB, |DB; |DB:

Read or Write
Transfer 8 bits to the ascii controller:

nchronization signal
SY g Command or

\ ASClI-data

Control-register

Control-register(RW)=0;

Wait t4;

Control-register(E)=1;
Data-register = (8 bits);

Wait t,»; (until at least t,, passes)
E=0;

Wait until a total t, passes;

D7 | Ds | Ds | bs | D3 | D2 | D1 | Do
g —J L—gs

RW
SELECT=1
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Examples: Interface/Algorithms

1. For example setup port GPIO_E for the ascii-disnlav

2. The Ascii-display expects:
Data-register (bit 8 - 15) => ODR _high-byte

Control-register (bit0-7) => ODR_low-bytt

dataregister styrregister

DB;|DBs |DBs (DB4 |DB3|DB2 |DBs [DBo D7 | bs | bs | Da [ b3 | D2 [ b1 | Do

E—J |

ODR Output Data Register
:I::f"{-.u J "7-3"1"-'";"'-:;.-" |".~"’ilv;';fj-1' :I.f'_)'.l'.';;"{"' _1"'_"1 :j" 1'11 B 1{:,1 1‘. 1 ._i':' i:.‘ " i “I.' ) : byr [ b : 2 : 4 : 3 I’ .’"' 1 :
014 I | W) A:‘ {rwjow

AAAAAAA

GPIO_E ODR_High ODR_low

Write Cycle

RN-VJ:ﬁ - ﬁﬁ[

Enable |

Data

[
i i
#define GPIO_E 0x40021000 /* MD407 port E */
#define portOdrLow ((volatile unsigned char *)(GPIO_E+0x14))
#define portOdrHigh ((volatile unsigned char *)(GPIO_E+0x14+1))
#define B_E 0x40

#define B_SELECT ox04

#define B_RW 0x02

#define B_RS ox01

- // RS is set to @ for command or to 1 for data read/write

*portOdrLow |= B_SELECT; // set the select-bit
*portOdrLow &= ~B_RW; // turn off RW
delay(t_sul= ~40ns);

*portOdrLow |= B_E; // set enable

*portOdrHigh = our 8 bits of data;
delay(max(t_su2=80ns, t_w=240ns);

*portOdrLow &= ~B_E; // reset enable

delay( (t_c=500ns) - 240ns);
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Counting Circuit - "SysTick"

STK_LOAD
Reload offset  |a31[zolzefzalzr|zelzs]oaodzz]z1|2d 10| 18] 1716 ) ssl1efsa]s2]11[1e] o [a | 7| & | 5] e [ 2 [ 2[ 1 [0 Reqister
. 0 v nrerw STK_CTRL
4 rodrodrad| s o rsw Jradrodred o e rerered e e e redred e STK_LOAD
8 pelredrodredredred rodrw fredrodredredredred redrodredred rod e red red e STK_VAL
Systemklocka Downcounter 24 bits 0xC tlr elelelelelelele el elelelelelelelelelelele]e]r]r STK_CALIB
o0—] y
168 MHZ ENABLE STK_VAL
=0
TICKINT
—0~ 00— SysTick IRQ
STK_VAL
STK_LOAD ~-|cremmemmeemeemmeemeepzmeememmeemeemeemmesgeemermesceeemerceeee e
|
_ |
STK_VAL |

0 Reload Reload Reload t



CHALMERS

Counting Circuit - Register

STK_CTRL (0xE000E010) Status och styrregister

offset 31|30(29(28|27|26|25[24)23[22|21(20(19|18[17|16]15]14|13[12|11[10] 9 (8| 7|6 |54 [3]|2[1]0 Register
0 Irw rw{rwirw STK_CTRL

STK_LOAD (0xE000E014) Raknarintervall

offset 3130)29|28(27[26|25[24]23|22(21(20]19]18|17[16]1514]13|12|11({10{ 9 |8 | 7|6 [5[4|3]|2]| 1|0 Register
4 rwrw|rw{rw{rw{rwrwradgrwdrw rvirw e e ew red eedrw e e e rwv v jrw STK_LOAD
STK_VAL (0xE000E018) Réknarvarde
offset 31(30(2928)|27)26|2524]23|22(21(20(19[18|17|16]15|14]13|12[11[10{ 9 [8 | 7| 6| 5] 4|3 | 2|10 Register
Delay() 8 rw]rw{rw o ro W {rw e o W e rov o rw e jrov e rw rw rov STK_VAL

Algoritm:
STK_CTRL=0 Reset SysTick
STK_LOAD = CountValue
STK_VAL=0 Reset the counter register
STK_CTRL=5 Restart the counter
Wait until COUNTFLAG=1
STK_CTRL=0 Reset SysTick
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STK_CTRL Status och styrregister

offset 31 30/29|28|27(26(25(24|23|22({21]2018 78 17[16]15 _14 1312|111 10]9_ 8 7 6|54 _3 21110 Register
o BEnii i b B vt bl L e rerlrw STK CTRL

Bit 16: (COUNTFLAG):
Biten dr 1 om riknaren riknat ned till 0. Biten nollstélls d& registret ldses.

Bit 2: (CLKSOURCE) biten ar 1 efter RESET:
0: Systemklocka/8
1: Systemklocka

Bit 1: (TICKINT): Aktivera avbrott

0: Inget avbrott genereras.

1: D4 réknaren slar om till 0 genereras SysTick avbrott.
Anm: Man kan programvarumassigt undersdka om réknaren rdknat ned till 0 genom att
kontrollera biten COUNTFLAG, det é&r alltsd inte nodvandigt att anvédnda
avbrottsmekanismen.
Bit 0: (ENABLE) Aktivera riknare
D4 ENABLE ettstélls laddas vérdet frén STK_LOAD till STK_VAL och rédknaren borjar rikna
ned. D4 riknaren nétt 0, ettstdlls COUNTFLAG och proceduren upprepas.
0: Rdknare deaktiverad
1: Raknare aktiverad

78

STK_CTRL=0 Reset SysTick
STK_LOAD = CountValue

STK_VAL=0 Reset the counter register
STK_CTRL=5 Restart the counter

Wait until COUNTFLAG=1

STK_CTRL=0 Reset SysTick

ister

STK_CTRL (0xE000E010) Status och styrregister

offset 31/3029|28(27)26|25[24]23|22|21{20|19]18[17[16]1514[13[12|11{10{ 9 | 8 | 7[6[5]4[3[2]| 1|0 Register

0 Irw rw{rwirw STK_CTRL

STK_LOAD (0xE000E014) Raknarintervall

offset 31(30(2928)27)26|25[24)23(22(21)20|19]18|17[16]15[14|13|12|11|10{ 9 [8 ) 7|6 |5 43| 2|10 Register

4 rwrw|rw{rw{rw{rwrwradgrwdrw rvirw e e ew red eedrw e e e rwv v jrw STK_LOAD

STK_VAL (0xE000E018) Réknarvarde

offset 31(30(2928)27)26|25(24]23|22(21{20{19[18|17|16}15|141312[11[10{ 9 [8 | 7| 6| 5| 4|3 | 2|10 Register

8 e rwrw {rw{rw{rwrw radgrwr e ew v rw raddradrw o e e ravirw STK_VAL

Bit0 = 1 (enable)
Bit1 = 0 (no interrupt)
Bit2 = 1 (system clock)



Example 1: 250 ns delay with “SysTick” |

1. Create afunction delay 250ns (void) which blocks (delays) the calling function by least 250 ns.
2. Also show how this can be used to create a delay routine delay milli ( unsigned int millisec)
which delays the application execution by a variable number of milliseconds.

#define STK_CTRL ((volatile unsigned int *)(©xEQOOE@10)) void delay _micro(unsigned int us)
#define STK_LOAD ((volatile unsigned int *)(OxE@0QEQ14)) {
#define STK_VAL ((volatile unsigned int *)(@xE@OOEQ18)) while(us--) {
delay_250ns();
void delay_ 250ns( void ) delay_250ns();
{ delay_250ns();
/* SystemCoreClock = 168000000 */ delay_250ns();
*STK_CTRL = ©; }
*STK_LOAD = ( (168/4) -1 ); }
*STK_VAL = 0;
*STK_CTRL = 5; // delay milli(): 1 ms = 1000 us
while( (*STK_CTRL & 0x10000 )== 0 ) {} void delay milli( unsigned int ms )
*STK_CTRL = ©; {
} while( ms-- )

delay_micro(1000);
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Example 2: Periodic blincking led

#define PORT_BARGRAPH_BASE 0x40020C00

#define portBargraphModer ((volatile
#define portBargraphOtyper ((volatile
#define portBargraphOspeedr ((volatile
#define portBargraphOdrLow ((volatile

void main(void)

{
init_app();
while(1)
{
*portBargraphOdrLow = 0;
delay milli(500);
*portBargraphOdrLow = OXFF;

delay milli(500);

/* MD407 port D */

unsigned
unsigned
unsigned
unsigned

int *)
short *)
int *)
char *)

o
o
o
o
o
o
o

Sy
6880888830 ™

(PORT_BARGRAPH_BASE))

(PORT_BARGRAPH_BASE+0x4) )
(PORT_BARGRAPH_BASE+0x8))
(PORT_BARGRAPH_BASE+0x14))



Programming the ASCII-display

The circuit translates ASCII characters into
corresponding bit patterns via a simple interface : Byte {o be transfered
control register - 4 bits used

data register - 8 bits used dataregister

DB |DBs |DBs |DB4|DB: DB | DB+ [DBs

B \ i
Emchnt o= 1BaE ( %ﬁE
' | Read or Write
| Synchronization signal ggfglfrggfaor
= styrrsgter
1 — A D7 [ Ds | Ds [ Ds | D3 [ D2 | D | Do
E L__RS

RW
SELECT=1
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Program Structure

ascii_write_cmd( cmd ) ascii_write_data( data ) ascii_read_status() ascii_read_data()
RS=0 RS=1 RS=0 | RS=1
RW=0 RW=0 RW=1 RW=1
ascii_write_controller(cnd/data) ascii_read_controller()

styrregister l dataregister +

b7 [ bs [ bs | bs | b3 | D2 | D | Do DB; (DB [DBs (DB4 (DB (DB [DB; DB
E —] LRS

RW

—_SELECT=1 <
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Write Cycle - Characteristics

The Datasheet time diagram illustrates how the control signal and data are activated for a write cycle.

| ascii write controller(cmd/data) |

RS J—l I
- +— - t - f
RW LN\
| NER - |
sul t

E | t | :
—— . sSu2 -
| - > |

DB0-DB7 | |

| |
| — t I _
| |

t. Cycle time

tw  Clock pulse ("Enable") duration (high and low)

t.u1  Control signal setup-time, before positive edge
t..o setup-time for data, write, before negative edge
t, hold-time, duration (after negativ edge)

500 ns
230 ns
40 ns
80 ns
10 ns

Algoritm:

ascii_write_controller (command)
Y
Delayd4Ons

Y
E=1;
DATA_REG = command

Y
Delay230ns

Y
E=0;

Y
Delay10ns

v
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Read Cycle - Characteristics

The Datasheet time diagram illustrates how the control signal should be set and how the display
module answers with data.

ascii_read_controller()

|
o ——{
RW | | - t > I /\
| < T " | -
E | I
| PPN |
DB0-DB7 4 !
| 4 |
I — t. I .
| B I "

c Cycle time 1000 ns
tw  Clock pulse ("Enable") duration (high and low) 450 ns
tsu  Control signal setup-time, before positive edge 60 ns
to  setup-time for data, reading, before negative edge 360 ns
th hold-time, duration (after negative edge) 10 ns

Algoritm:

ascii_read_controller

Y
E=1;

Y
Delay360ns

Y
rv = DATA_REG
A 4
E=0;

return rv
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Example 3: Programming of the ASCII-Display

Implement functions:
ascii_write_controller(cmd/data) ascil_init() ascil_write_char () ascii_gotoxy ()
ascii_read_controller()

Programstruktur
Iascii_write_cmd( cmd ) | | ascii_write_data( data ) ‘ | ascii_read_status() ‘ ascii_read_data()
A _ _
— f
v A

‘ ascii_write_controller(cmd/data) | ‘ ascli_read_controller()
siymegister J ) l dataregister # I
‘9‘ <O | | | <2 | ‘ ’ DB, |DB: (DB | DB: | DB: |DB; |DB; | DB

O‘dlr HTTaTY o ————————

Alfanumerisk
Dlsplay = test !
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Example 3:

#define B_E 0x40 void ascii_write_controller( unsigned char c)
#define B_SELECT 4 {
#define B_RW 2 ascii_ctrl_bit_set(B_E);
#define B_RS 1 GPIO_E.odrHigh = c;
delay_25@ns();
void ascii_ctrl bit_set( unsigned char x ) ascii_ctrl bit_clear(B_E);
{ }

GPIO_E.odrLow |= ( B_SELECT | x );
}

unsigned char ascii_read_controller( void )

{

void ascii_ctrl bit_clear( unsigned char x )

{
}

ascii_ctrl bit_set(B_E);
delay_25@ns();
delay_25@ns();

char ¢ = GPIO_E.idrHigh;
ascii_ctrl bit_clear(B_E);
return c;

GPIO _E.odrLow &= ( B_SELECT | ~x);
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void init_app(Q)

{
// ascii, gpio ped-15
GPIO_E.moder = @x55555555; // MODER: all bits as output pins. Arb.bok, s: 67.
GPIO_E.otyper = 0x00000000; // OTYPER: set all ouput bits as push-pull (if output pins) - Arbetsboken s: 69.
GPIO_E.ospeedr = ©@x55555555; // output pins speed: low speed. Vilj 00 eller 01 f6r varje pinne. ZMHz / 25 MHz.
3

VIETrEnN vuiput L 1r L I\(’gl)[t’l

I I "I | ’ l “‘v,, TYPER
from Q u ICkG u Id e Bitar 31:16 ar reserverade och ska inte andras. For varje

annan portpinne anvénds en bit for att konfigurera pinnen

enligt:
GPIO 0: push-pull
General Purpose Input Output 1: open drain
GPIO A: 0x40020000 OSPEEDR O“’P’” SPEED Register — ODR Output Data Regzsrel
GPIO B: 0x40020400 ) e 2 Qe DTSR R A D E AT

Oxtd

GPIO C: 0x40020800 Registretr anvinds fo'r art“ kontrollera o oo TR
GPIO D: 0x40020C00 upf)dateringsﬁ'ekvensen for en portpinne. Exakta Bitar 16 "tonl 31 allVﬁ}lds inte och Sk A hallas Vld. ?m
GPIO E 0x40021000 frekvenser anges i processorns datablad. RESET-virde, dvs 0. Bitar 0 t.o.m 15 sétter portens nivaer

) ) e a7 T X 7 PO B [E KR K da pinnarna dr konfigurerade som utgingar. Bitarna &r

00: low speed
01: medium speed

bade skriv- och ldsbara, vid ldsning ger biten det senast

A
I [” 1] I II 11 ” e } R 10: fast speed skrivna virdet till samma bit.
oo AR i
P - EEERRERERE {1+ high speed BSSR Bit serreset;eqzsrel
o I T PUPDR Pul-Up/Pull-Dov =

(el T TG : , —
MODER Ponl)lod(’l(’qzsrei For varje portpinne anvdnds 2 bitar i PUPDR for att
o i TE 0 ,[.vh ‘l NBAE pr— konfigurera pinnen enligt: ~ . o oA— —
T - i i ] e l ‘ l 6P10_MODER 00: floating = "l’l"‘l“l‘ e s 1” S ]
For varje portpinne anvénds 2 bitar i MODER for att %_gﬁﬁ_gﬁml "* KILCKILCKINCKILCKILCKTY oy ol oo 4‘, LoKalL oKL CRaL O o
konfigurera pinnen enligt: 11- reserverad ' - )

00: ingang AFRLA/reInm‘eﬁmcnon low register

01: utgéng IDR Input Data Register
T R e A LT EEREC AN A0 BNB A0

10: alternativ funktion o] FTeleleieteTeTeeTele GnoGn

.11: analog ) ) ) Bitar 16 tom 31 anvinds inte och ska hallas vid sitt
Registret har organiserats sa att bitar 31,30 konfigurerar RESET-vérde. dvs 0. Bitar 0 t.o.m 15 avspeglar portens
portpinne 15, bitar 29.28 konfigurerar portpinne 14 osv. nivaer da pinnarna 4r konfigurerade som ingangar.

SO i g e D S St e

AFRH Alternate function high register

PIO_AFRH



http://www.cse.chalmers.se/edu/course/LEU500/Documents/quickguide-mop.pdf

CHALMERS

ArbetSbOken, page 85: void ascii_gotoxy( unsigned char x, unsigned char y) {
unsigned char address;
ascii_gotoxy(row, column) if(yl=1)
dd =0x40 -1);
address = row-1 eees e || ety
| _ 2 address=x-1;
om column = ascii_write_cmd( ©x80 | address);
address = address + 0x40 , deiaymicrol4s s

ascii_write_cmd(0x80 | address)
instruction-specific delay (i.e 43 pus) < Add this row for safety.




