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General description

1 General description

1.1 Picture format design flow

Realization of the Hardware and Software connectiong an C167CS-32FM starterkit to
an TFT display with a screen diagonal of 7“ for e.g. dashboard / cluster / multifuncional
terminal as an application example.

This application should show easily, how to realize the access to a TFT display by
using a C167CS-32FM and 8 bit non mux bus with 3 waitstates and asynchronous
ready via BUSCON 4.

A blinking oilcan is to be shown on the display as an alert announcement for the driver
in order to check his ammount of oil regarding the combustion engine.

The oilcan will be designed in COREL DRAW or an another suitable grafic design tool.
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Figure 1 Oilcan in Corel Draw
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Adapted to the pixel format with PAINT SHOP PRO 6 according the size of the used

display.

BildgroBe andern

— 1 Pizelgrale

Erette [l IdElD EZ = Hiake 2] |234 E:

—+" Prozentsatz der Originalgrofe
Ereite 2] | 100 =1 = HEHe 4] (100 =

Breite [5]
Ilr'u:h vI
Hihe [E] 7455078
Auflssung:  |31.388 |Pixel finch =]
Anderungsmethode ISmart =]

W Alle Ebenen verandern

I Seiterverhalthis won |2,|351 282 | 2u 1 behalten

ok | #bbrechen | Hilfe

TFT graphic display driven by C167CS-32FM

General description

Figure 2 Changing the pixel format with Paint Shop Pro
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General description

& Paint Shop Pro - Delkanne.bmp

Datei Bearbeiten Ansicht Bjld Farben Ebenen Auswahl Masken Schnappschul Fenster Hilfe
[oErs > - s me @0 =k wm e
&} Delkanne_bmp [1:1] Hintergrund) M= E3

o 50 100 50 200 250 s00 s 400 450
PTG TRITVOTN i ATPRPTTN [ PR PTTN AP TTT o UTTTTT b WY i ORI 1 AT PITT b ATOR)

T

HAVPLFRIZBERANSN A DD

1346, 231

Bild: 480 » 234 » 256 - 110.7 KByte:

Figure 3 Transformed into a WIN / OS bit map format
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Formated finally with ULTRA EDIT into a readable array in a HEADER file for KEIL or

General description

TASKING C166 Compiler.

kte\Test Starterkit C167C5n 30. 000\TFT C167CS 22.07 00\Bilder\Backup\Oelkannl.bmp] HEE

Dgalai Bearbeiten  Suchen Projekt Ansicht Format Spalte Malro Ewras Fenster Hife & x|

O kL &0 84 W H

&

== hWHPgFGE0B| 5|9

Oelkannl.bmp |

Laufwerk/Datelliste:  Aktuslisieren
(ffene Dateien

e Dateien
[r\Projekte’Test Starterkit C167C5n

4 »

s s LR N L A T e LI eI T ST I TLIL
EEETETEEE ¥t [ GOGGG [k % 6% M ¥ XM MR MM X R M KX M X KM N KN R MK AN MR MM AN KA K KA KA EK KRS
ErErErOexdt GO GEOGGGGE %% KX M ¥ XM MMM R RN KA KM KN KN RN H AN M RN A NN AR KN A KA EK R A 8
ErESFxt GOOGAEEOOGAERE % X M X XM KRN H R RN KN KA KM NN RN H AN M RN AN N A RKEA R A EH R A5
LB GG GG A GE GGG A G % X X X X A X X X XK R X XK XX XX NN
D GG A GG GEEE GG GGG A HET o % X X X X X X XK R X KKK XX XX N
LGB G B G 65 65 6 665 B0 5 o 3 5 3 3 33 333 33 30 30 30 30X 30 X3 XXX XXX KX e
EEEREREAEAEARARAAERERBAN % XXX XXMM N KX KM KX M X M NN N AR MM AN N R R K AN KA KA KA
A A A A A A R L L L T L e L LI eI T ST LI
A A A A A A R R L L LR LR E L RS RS ETET R T
[ TEEGEEEEEGEGEEEEGEEEE [« XX RN H X RN KX KM KA XK AN M RN A NN A RKEA R AEH R 8
it T GG GEEEEEGEEAEEEREAE [ % XK XM XN KX RN N X RN NN N MM AN AR R H AN KA RK A KA
R A TR GGG EEGAGAEREAGAET X K XM E RN KX RN KX M X RN NN AR MM AN H R R K AN KA KA N AR
X [ BB EEEE ARG AERE R G X% XX XXX X 6K 6K 6K X XXX XXX X XXX XX 8
xxxot T T GGG EEGEEAEAEGEAEEET e xxa X xx X XA XXX R XXX XXX KT AKX
AN NG BB GG R GG GG A GGG S 50k 5003 X 0 N X 0 KN %% RN XN N NN N
EEREEEERE RS ¢l I AN AN AR R S22 E2 222 2 22 2222 2 2222 2 2 2L 22 2 LR
EEEEEEERESEREEEEES 23111 A1 A L1 A A A A A A L A L A L A L A
EEEEEEEEE R LR R e e A 1 A A A A A A A A 1 A A A A A L A
EEEEEEERESEEEEEREEEREREEER LSS Sl AN A A A A A A A A A A A AR
"’""‘*"*"*"*"*""""""*’Hﬂ(*x)<><x~**t*t*t******************t*t**********—\x‘J

KN RN MK KX KN KN K KN KK KN KKK N H KKK N KK KN K KN N HK KN RN KKK KK KN KKK KKK KK

KK XXX KKK KK K XK X KK KX KX KK KKK KX KK KKK KKK KX KK KN KX KKK HK AN KA NENE KR KX R EN KX KK N

KRN KKK MK KKK X KN KKK KN K H KN KKK MK KKK N KK KN KK KN N H KRN N NN E KR KN KK KN KN RN n
-
b

[« —

[Unn Hilfe zu erhalten, driicken Sie F1Zeile 56, Spate 482, 0w [DDS | [And: 05.09.00 2217:45 |Dateiriite: 113488 |EINF I}

Figure 4 Formated with Ultra Edit
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General description

The output file for a 480 * 234 * 3 dot matrix TFT display contains 128 Kbyte of data,
which are to be split into two arrays of 64 Kbyte each (max. size of a huge const array
is limited to 64 Kbyte).

[ElFle Edt View Project Debug Periphersls Tools SVCS Window Help

o

e < NECN e eI ] | b

B & @ ||mE o e m

e e o
FHew v ur 2 REY EE |
& [ &l X | i [Targen 1 =
=l x| lnsigned char const Array2[118][480] = =
E-i Target1
[ Source Giowp 1 :
3 CSouce
Main.o I IR IR H I I KM IR IR HH I IR IH IR IHIKHH I IR IHHIHH I KX HHHHIHIHIH K|
Delkannel R R R R R M R A R X IR R
R I I IR HIH IR IHHHHIH IR IR IR I I IR HHHIHHIHHIHHIHHIHIH AR,

OelkanneZ IR I R R R M R R X R K
CCI_Int C jEtesssdvsnsdterrssvsvissesvssssvsnsesersstvensavevssesvsnseseesiesvssied
tUp R S s R A R S A SRS A
Stat167.2€ I I IR HH I I KM I IR HH I IR IH IR IHIHHHHHHIHHHHHHHXIHHHHAIHIK,

R R A S R S I S S S S
P OUOGOGNGCRGOUONOGNNUGOGONOGONUGGOGOCONNGUOURGOGONOGONUOGDGOTNROGON]
R R S S S R S S S S S S S S
IR R R R I R R R S R R I S R R
R R A S R S S S S S SR
R e S e T e e e e e e e e e e e e e e e e e e e
A R R R PR I B O O O S O PR X DO K
R e S e T e e e e e e e e e e e e e e e e e e e
S e e e e e e e e e e e e e e
R R K I R R R D S B R R R R R 0,
PRt e e e e e e e R e e e e e e
SRR R R R R O OO GO
|

x|

| z
T (AT [ Buita A Corarmand A, Find in Files || K |>|:I
Lica I [ [

For Help, press F1 [

Figure 5 The output file for a 480*234*3 dot matrix TFT display
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Here you can see the a part of data regarding the nozzle of the oil can.

B0 TFT C167CS 32 FM 23.07.00 - wVision2 - [D:\Projekte\Test Starterkit C167CSn 30.04.2000\TFT C167C5 22.07.0058i... MEIE ||

EE“E Edit Wiew Proect Debug Perpherals Tools SWCS Window Help ;Iﬂil‘
2EEd LB == 6 % 7 % G A gl

B aBEFE o0

ZlEoo ¢ou|» 2 [REYSEE 2|

‘ l,&I'{algeﬂ j ‘
= 1 ><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><xxxxxxxxxxxxxxxxxxxxxxxj
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KRR RIS ARSI KA IR
~(] Soures Group 1 IO AR KA HHE XK IR HHHHHHIHHHHKHH IO HH K HAXHHHK K,
B3 C Sauce ] Bt evuatsvbertvierrrssrits trreivervte v e aties el

SRR, 1 I3COCODCTOC]

HHHHUOOOOOCOOOTUNOGOR [RESrrrrevrerersed

4 | feseetevtescateererenreesereed BN NTR IR RRRERNRRRN I Eesecetvetebencoateses
- SRR OO TN

SOOI OOGOOIOGO0 TN
T 00RO RGO OOGOR |
R OOGOCOOONNOONOG NN OOOOCCODONOONENG0NG
Bt e |
| EeRevr e e P e e eseseed 11
[ EEeeressesrarsrsrvsvsrereererea s NI N |
frvsevrervrrn e ervrered § |
RIS | | Ee e

LERRR NN | Ereererseses

1 IXXXXXXXXXXXXXJ

peveed [N ]
pereeres ]|
HAODOCOOGGOOHA TTTL

SRR AR R | [ 1] Eevdevereeteved

-

il KN L]

B
Command A, Find i Files el I» IJ

For Help. press Fi

\ [CTCA T RA

Figure 6 The nozzle of the oil can
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General description

1.2 Blockdiagramm of the display configuration

Or Gate
SN
74LS32

CXA-0256
Back lighting
unit
( Data Modul )

C167CS

PORTUGAL 854
Qtartarkit ORTUGAL - 85408R

SN74LS245N
s BT 040 EDTC)?:(WQE
8 Bit Latch TFT cqtntrol TFT display
SN b t“’lvl aul ( Data Modul )
7415245 (Data Modul )
Figure 7 block diagram of the display configuration
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Hardware description

2 Hardware description

2.1 KITCON connector C167CS Starterkit

KitCON interface connection — Connector to the BT 040 unit

Table 1 Pindescription C167CS-32FM to BT 040

PIN Des BT PIN Des BT PIN Des BT PIN Des BT
040 040 040 040

1 Ve A 2 Ve # GND 3H GND 3H

5 DO 1 6 D2 3 D4 5 8 D6 7

9 D1 2 10 D3 4 1 D5 6 12 D7 8

13 14 15 16

17 18 19 20

21 AD 9 2 A2 1 23 M 13 24 A6 15

5 Al 10 26 A3 12 27 A5 14 28 A7 16

2 A3 17 30 A10 19 31 A2 21 R Al4 23

3B A9 18 H# A1 20 b A13 2 36 A15 24

37 A16 25 38 39 40

4 2 43 44

45 RD *1 46 47 48 RES# 27/NRES

49 WR *1 50 51 52

53 54 55 Csatt | 1 56

57 58 59 60

61 a2 63 &4

65 66 67 68

69 70 71 72

Application Note 11 V 2.0, 2004-02
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Hardware description

3 74 % 76
7 78 9 80
81 8 83 84
8 86 87 8
89 0 91 2
B A % 9%
97 98 e°] 100
101 102 103 104
106 106 107 108
109 110 M 112 | RDY# | 32/NRDY
113 114 115 116
117 118 119 120
121 12 123 124
125 126 127 128
129 130 131 132
133 134 135 136
137 138 139 140
141 142 143 144
145 146 147 148
149 150 151 152

Application Note 12 V 2.0, 2004-02



@~

@ineon AP16018
e TFT graphic display driven by C167CS-32FM

Hardware description

Connection of a couple of neccessary signals

BIF (BT 040) go to Intel Mode -> Low -> GND via Pull Down resistor 10 KQ
RES (BT 040) aktive connected -> Low -> GND vis Pull Down resistor 10 KQ

CS (BT 040) aktive connected -> High -> via Portpin P 2.7 (SW enable TFT, no CS in
origin sense)

LCDCLK (BT 040) already in BT 040 generated, leave unconnected
RDY (BT 040) aktive connected -> Low -> GND via Pull Down resistor 10 KQ
NRDY (BT 040) via Pull Up resistor 4,7 KQ against Vcc

Connection CS 4# with RD# and WR# (C167CS-32FM) to RD# and WR# (BT 040)

IC14A
/RD |
/csey AEYEE /RD6
7432
IC14B
/WR
51<1 |6 /WWRG6

7432
Figure 8 Connection CS 4# with RD# and WR#

Application Note 13 V 2.0, 2004-02
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Hardware description

Connecting BT 040 to the PCB adapting unit

Flat cabel has to be adjusted with the right side regarding the dedicated connector,
otherwise short circuits over will be the consequence!

Figure 9 Connecfing BT 040

Note: Please connect the cable conclusive!

Application Note 14 V 2.0, 2004-02
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Hardware description

2.2 Connection of the TFT controller card BT 040
Table 2 Connection of the controller card

Pin Function Description

1 DO Data bit 0, bi-directional
2 D1 Data bit 1, bi-directional
3 D2 Data bit 2, bi-directional
4 D3 Data bit 3, bi-directional
5 D4 Data bit 4, bi-directional
6 D5 Data bit 5, bi-directional
7 D6 Data bit 6, bi-directional
8 D7 Data bit 7, bi-directional
9 AO Address bit 0, Input

10 A1 Address bit 1, Input

11 A2 Address bit 2, Input

12 A3 Address bit 3, Input

13 A4 Address bit 4, Input

14 A5 Address bit 5, Input

15 A6 Address bit 6, Input

16 A7 Address bit 7, Input

17 A8 Address bit 8, Input

18 A9 Address bit 9, Input

19 A10 Address bit 10, Input

20 A1 Address bit 11, Input

21 A12 Address bit 12, Input

22 A13 Address bit 13, Input

23 Al4 Address bit 14, Input

24 A15 Address bit 15, Input

25 A16 Address bit 16, Input

26 RES Reset, Input, High-active
27 NRES Reset; Input, Low-active
28 CS Chip Select, Input, Low-active
29 RD Read Signal, Input, (see setting Bus-Interface)

Application Note

15
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Hardware description

>
w

a
»

B3

30 WR Write Signal, Input, Low-active, (see setting Bus-
Interface)
31 RDY Ready Signal, Output, High active
32 NRDY Ready Signal, Output, Low active, Open Collector
33 BIF Bus-Interface, Input, (see setting Bus-Interface)
34 VCC Power Supply, +5V
35 GND Ground
36 LCDCLK LCD-Clock, Input / Output
Attention: Use only when the oscillator is not equipped!
(see LCD-Clock)
2.3 Description of the Latch between the BT 040 / (SN74LS245N)
J 1
Wl T ipr e
A2[]3 18] B1 y ©F
A3[]4 17[] B2 2
Aafls 16f] B3 A 2> 1
5 .—‘ 18
= Ghe g
A7 s 13[] B6 3
As o 12f] B7 Azﬁ_l}‘/\ p
GND [] 10 11[] B8 B 7,
< !

>

Iy
o

q

a
o

Ba

>
)

14

BS5

P
o

>
o

B6

>
~

599

\V
A\

Figure 10  The Latch between the BT 040 / SN74LS245N
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Hardware description

24 Hardware description EDTCAO7QEF / General specification
data

Table 3 General specification data EDTCA07QEF

Characteristic Iltem Specification

1. Display technology a-Si active-matrix

2. Display mode NW (normally white)

3. Module outer dimension ” 170.0 (W) * 106.8 (H) * 8.3(D) mm

4. Effective display area 155.52 * 87.28 mm

5. Number of dots 480 (W) * 3 (RG3) * 234 (H)

6. Color-filter-array RGB vertical stripe

7. Weight 205 + 10g

8. Backlight CCFL with 3 wave-length spectrum straight type 2

9. Front surface treatment AG coat (Haze ratio 12%) (with WV film)

10. Polarizer protective sheet None

11. Appearance There are no remarkable defects

12. Metal frame condition Not be connected to inner circuit

1)  Detailed dimensions are shown per attached drawing

Application Note 17 V 2.0, 2004-02
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Hardware description

25 Hardware description EDTCAO7QEF / Pixel arrangement
regarding the data representation

1 2 3 4 5 6 1438 1439 1440
11R|G|IB|R|G|B R|IG|IB
2lR|G|B|R|G|B R|IG|IB
slRIG|B|R|G|B RIG|B
233 R|G|B|R|G|B RIG|IB
24/RI{G|B|R|G|B RIG|B

1 30

Figure 11 Pixel arrangement and /O interface pin assignment
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2.6 Hardwaredescription EDTCA07QEF / View description of the
display hardware

square holes for installing (¢ holes)
the depth of these holes are within 1 & zm

5.6+ 0.2

e — |

3.6 x 0.15 32.1+ 0.2
104 : 0.2

3.6+ 0.15
)
A
s
-
~
3.2 0.2
main viewing
1015 angle direction

e
A s a
/i &
5 Botive area center -
3.2 + 0.2
E T T
M Spin
= Low
o P
M o
- aot pitch: 0.108 * 8.393 front side = 3 Spin
g RGB arrangement : vertical stgipe High
HE
M
(85.9) N :
155.52 {active area) .14 : 0.5 3|7
150.9 + 0.2 (frame window) 515 + 0.2 o
4
170 + 0.3
A
3.6+ 0.1 9.4+ 0.2 ; o
3.6 + 0.15 / 39.4 + 0.2
[=]n| i [T
I = = =2 1 = = =
flexible cable b I
contactline surface S|

No. 1 Ne. 30
pin pin

Figure 12 Description of the display hardware
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Hardware description

27 Hardwaredescription Adresse space and Address range

The TFT Display start address should be 10:0000 h, the address range 128 Kbyte.
The BUSCON 4 Register will be used, because it is freely usable on the Starterkit. The
BT 040 should be accessed more or less like a static RAM with asyncronous ready.
The resulting window size is given with RGSZ = 5 (Manual C167CS V2.0 Page 8-21).
ADDRSEL4_RGSZ SET 5

The remaining number of address lines are A23 to A17.

Table 4 Conversion Hex -> Decimal
1h Oh Oh Oh Oh Oh
0001 0000 0000 0000 0000 0000
A23 A19 A15 Al A7 A3

NN N

Bit field RGSZ \{ ResultinWw levant Bits (R) of Start Addr. (A12
St;' e

)

0000 4 KBYRg NR RRR RRRRRRRR
0001 8 KBytes "\ AR RRMRRRRRR x
\\

0101 128 KBytes RRRRRRRX X X X X

A23 A21 A19 A17 A15 A13

1001 2 MBytes RRRX x x x x X X X X
1010 4 MBytes R R X x x x X X X X X X
1011 8 MBytes R x x x x X X X X X X X
11xx Reserved

Application Note 20 V 2.0, 2004-02
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So we have to enter the below mentioned value into the RGSAG area.

AP16018
TFT graphic display driven by C167CS-32FM

Hardware description

ADDRSEL4 SFR (FE1E, / CF,) [Reset Value: 0000,]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RGSAD RGSZ
— Tw ' ' ' Tw

The entire value inserted into ADDRSEL is 1005h.

The values which are to be inserted into BUSCON 4 you can see below (2 Waitstates
asyncronous ready, bus typ -> 8 bit non mux).

; Bus Configuration Register 4

BUSCON4_ALECTL4 SET 0
BUSCON4_BTYP SET 0
BUSCON4_BUSACT4 SET 1
BUSCON4_CSREN4 SET 0
BUSCON4_CSWEN4 SET 0
BUSCON4_MCTC SET 1
BUSCON4_MTTC4 SET 0
BUSCON4_RDYEN4 SET 1
BUSCON4_RWDC4 SET 0

(S- 8-18 Manual V2.0 C167CR)

BUSCON4
Bus Control Register 4 SFR (FF1A,/8D ) [Reset Value: 0000,]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BUS|ALE ' e
CSW|CSR RDY MTT |RWD MCTC
ENa[EN4| = |ENa| - |ACT|CIL| - | BTYP gy \'ca
rw rw - rw - rw rw - r\'/v rw rw I’\IN I
Application Note 21 V 2.0, 2004-02
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Software

3 Software

3.1 Specialities regarding the Start UP file

The PLL factor has to be arranged by implementing a sequence concerning the
RSTCON register.

Pl TFT C167C5 32 FM 23.07.00 - pYision2 - [D:\Projekte’\Test Starterkit C167CSn 30.04.20005TFT C167CS 22.07.00\Sta.. =] E3 ||
[E] Fie Edit View Project Dsbug Peipherals Tools SWCS ‘window Help (=

SN =N R A o h 7 EID  -]dh

B & |(mE 0

ZlRenrrn|» B REYEEE > |

Ee2] |§ﬁ|1amel1 :J|

——— = [ E3 DEFE  OFFC4H j

= DP3 DEFE  OFFCGH =
= [arget BUSCONL DEFR  OFF14H
: (3 Souce G BUSCON2 DEFR  OFF16H
- T Sauce BIISCON3 DEFR  OFF18H

BUSCON4  DEFE OFF1AH
ADDRSELL DEFR OFELGH
ADDRSEL2 DEFR OFE13H
ADDRSEL3 DEFR O0FE1CH
ADDRSEL4 DEFE OFE1EH
SYSCONZ  DEFR 0F1DOH
SYSCON3  DEFR 0F1D4H
RSTCON EQU OF1EQH :01.10.00 Hote: "RSTCOH" i= a2 mem

#*DEFINE (ADDR (¥al. Start. Rangs)) (

%SET (adr. 4SUBSTR{%Start.l.(4LEN(%Start)- 3))%SUBSTR(%Start %LEN(%Start),
%IF (¥EQS (%Range,d)) THEN (%SET (adr, (%adr AND OFFFOH) + 0)) FI
%IF (XEQS (%Range.8K)) THEN (%SET (adr. (%adr AND DFFEOH) + 1)) FI
[%EQS (%Range.161)) THEN (%SET (adr. (%adr AND DFFCOH} + 2} FI
{%EQS (%Range.32K)) THEN (%SET (adr. (%adr AND OFFB0H) + 3)) FI
{4EQS (%Range.64k)) THEN (%SET (adr. (¥adr AND OFFOO0H) + 4)) FI
1 0| {%EQS (%Range,128K)) THEW (%SET {adr. (%adr AND OFEDQOH) + §5)) FI
— [XEQS (%Range.256K))  THEN (%SET (adr. (Xadr AND OFCDOH) + 6)) FI -
2. T3] e e e e e e e L S, _.'_l

= =
ﬂ AT, Buitd A Commmand A, Find in Fies 7 1 | >|:’

[C7e0ca | e e 7l

Figure 13
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LEEA| R o2 A A JEINT ~] &4
wlea nE|u e
GEL RIS A
= (4] B 2 | & [Target 1 j‘
x| HOW CP, #7C_MAINREGISTERS :1
= el HOY DP2. #0xFEFF B
e HOV FZ, #0=5555
“[Q Source Gre
34 € Source
P Mair.c Change the Clock Configuration
Oelkal
- [#] Oekal HOW R15, #1111111100000000E ;Load & GFR with the targe
CC1l HOV RSTCON. R1S :Enable update with FLL fa
=23 StatUp EXTR #2 {ESFR access
Stortl HOW SYSCONZ, #0500H /SDD mode, P11l on.
;RSTCON.15-9 iz copied to
HOW SYSCONZ, #0400H :Switch to bas
—
1| I »

— ] EINIT =
2. Q. _ o S — :
= =
e 7

T [T ETE, puitd £ Gommand i Find in Files 14l |
[Lraocd [ I [ [RA
Figure 14
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3.2 First loop for the two 64 K data blocks in main.c

B TFT C167CS 32 FM 23.07.00 - pVisionZ - [D:\ProjekterT est Starterkit C167CSn 30.04.20005TFT C167CS 22.07.00\C ... [MEIEA ||

@E\Ie Edit Wiew Project Debug Peripherals Tools SWCS 'window Help ;Ii'll
AEEHE | e ne PN
w8 a|oE ey
ZHen i o> EE RS EE 5|
18 1 K | K [Target 1 j|
= B —

=y T 7<% Initialize first 117 Rows of the 7" displav ﬂ

B q arge! #-% Initialize Pointer picture
[ Source Group 1 e

pointer_snz = &TFT_RAM[0]:
pointer bild = &Array2[117][4B07:

S
CC1_lnt .C <% loop for the first 117 rows
E.a Start Up 7% rEason C—Compiler allows only HCONST of max. 64 K Byte.

#r% =0 we have to split the 128 K Byte of display data into 2
#-~% blocksof 64 K Byte esach
s

for{ row = 117 : row »= 1 ;. row— ) J
{
for({ coloumn = 480 : coloumn »>=1 ;| coloumn— )

*pointer anz++ = Array2[row][colounn]:

BRI T ||y o

= -
m[ll]m Build /4 Cornmand 7, Find in Files 14l |,|j

(BE | I |

Figure 15
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% TFT C167C5 32 FM 23.07.00 - p¥ision2 - [D:\Projekte’Test Starterkit C167C5n 30.04.20005TFT C167C5 22.07.00AC 5. [HIfE1 A ||

[l File Edit View Praject Debug Peripherals Tools SYCS ‘Window Help == zl‘
DesEd | fER|D | A% o AT F|da

B & a mE LD

3&|0T‘!E‘€’Pﬂ\*¥§iﬁ|@‘ﬁ‘?§%i‘|

] rE, ‘gﬁl'{algell j |
=l B =]
EE=N . <% Initialize second 117 Rows of the 7" display LI
A0 4% Initialize Pointer picture
-] Source Group 1 s

Source
Maine

B3

pointer_anz = &TFT_EAM[56160]:
pointer_bild = &Arrayl[117][4807;

Oelkannell.c
Delkanne22.c Py
& CC_Int C ss% loop for the second 117 rows
E..a Start Up s7% reason : C-Compiler allows only HCOMST of maz. 64 K Byte,
<<% =0 we have to split the 128 K Byte of display data into 2

*
Ll vs% blocksof 64 K Byte sach
Eds

for{ row = 117 ;| row »= 1 ;| row— )
for({ coloumn = 480 ; coloumn >= 1 ; coloumn— )

{
*pointer anz++ = Arravl[row][coloumn]:

=l T ||t e

= 5
A 5
T [ATATETET, Buitd A Gommand iy Findin Fies K2 I»

[Liesca

Figure 16
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3.3 Second loop for the two 64 K data blocks realizing the blinking
mode in main.c

Star167.566

-Files P Regs | WE...

LIE
P

[E] File Edt View Froject Debug Peripherals Tools SYCS ‘window Help ==l x]
S b T Yo S EEN — &
&|e|q|TE| e m
e L A =
& 1 B | &[Tt j|
_— X o —
=5 fage ~-% Initialize first 117 Rows of the 7" display [ |
CI= ss% Initialize Pointer picture
-+ Source Group 1 P
=23 € Source
Main.c pointer_anz = &TFT_RAHM[S56160]:
Delkannel 1o pointer_bild = &Arrayl[117][4B80]:
Oekanne22.c S
CC1_Int.C s#% loop for the last 117 rows refers to blinking mode
E..a StartUp #<% clear screen part

for{ row = 117 ; row »= 1 ; row—— )

for{ colounn = 480 : coloumn = 1 :
*polnter_anz++ = 'x'

+

coloumn— )

<7 reserve 'O 0x00:

s
<<% wait for one second
oo e ]

PR T o JU PR P,

|

0 LA e Build A Command A Find in Files |EN]
[L185C il [ [Rew |
Figure 17
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% TFT C167CS 32 FM 23.07.00 - pVision2 - [D:\Projekte\Test Starterkit C167C5n 30.04.2000ATFT C167CS 22.07.00\C 5. [MEIE |}

[El Fie Edt “iew Froject Debun Peripherals Took SVCS window Help =|=] 5||
I PR
)& @ [BE o8
Elhesdan|rEi|REesEE 2|
2 | m|$§|Talgetl ﬂ|
| =l 7 —
=Y =l % Initialize second 117 Rows of the 7" display ﬁl
B Age! <% Initialize Pointer picture
[ Source Group 1 P
E-23 C Source
Main.c pointer anz = &TFT_RAM[G6160]:
Delkannel.c pointer_bild = &Arrayl[117][480]:
Oelkanne2Z.c o
CCI_Int.C #-% loop for the last 117 rows refers to blinking mode
EI--a Start Up s show ollcan
: Start1E7.ab6 7
for{ row = 117 ; row »>= 1 : row—— )
for{ coloumn = 480 : coloumn »>= 1 ; colounn— )

*pointer_anz++ = Arrayl[row][coloumn]:

[ |
-Files P Rege | B : _’ILI

b |:|
5 =
TJI | AT T Build A Cornrmand }_Find in Files 114l |»

ISE] | e

Figure 18
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3.4 Generating a one second blinking time in main.c

kte\Test Start C1E67CSn 30.04. 2000ATFT C167C5

[Elfie Edit Yiew Froject Debug Periphersls Took SYC3 Window Help ;Iilil‘
=N e R - -

@& @ mE| e Do
FEev e EE BV EsEE 2

2 2% |,§Q|Talgel1 j ‘
=] L —|

EEEY . <% wait for one second :I

q E;mﬁ e . 7% increment willbe done in Timer 0 interrupt routine

0 ource Group sr% every 1 ns

B3 CSource e

gk tain.c _

Oelkannell.c i S Sl

Oekanne2?.c while { TimeBase <= 1000 ).

CC1_n ©

Up o

e s7% Initialize first 117 Rows of the 7" display
- sr% Initialize Pointer picturs

P

la

&TET_RAM[Se160]:

pointer_anz
dArrayl[117][480]:

pointer_bild

o
% loop for the last 117 rows refers to blinking node
~~% clear screen part

S

s

|
IEI[II]I}] Build £ Gornrnand__Find in Files 1N

Figure 19
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3.5 Timer 0 initialization routine

VAR AR AR EEEEEE LR R EEE e E R R R R Rt

// @Module ccl

// @Filename CCl_Int .C

//

[ m e e
// @Controller Infineon C167CS-32FM

//

// @Compiler KEIL C166

//**********************************************************************

// @Capture Compare Channel / Timer 0 initialization

//=============s-sssoossSooSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsS=ss
// Timer 0 : Initialisierung 10 ms Interrupt

// Goal : Key active checking

// Date cahange : 21.08.00

// Name : Kattw.
//=============ssosoossSsoSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS=ss=ss

VAR AR AR EEEEEEE L AR EEE AR R AR Rt

VAR AR AR EEEEEE LR R EEE R R E R R AR Rt

// @Project Includes

VAR AR AR EEEEE LR R EEE R EE R E et

#include "MAIN.H"

VAR AR AR EEEEEE LA AR EEE e R R R AR

//* definition of the portpin for the testpin 1 KHz P3.8

VAR AR AR EEEEEE LR EEE R R R AR R

sbit P3_8 = P378;
sbit DP3_8 = DP3"8;

// USER CODE END

//**********************************************************************

// @Global Variables

VAR AR AR EEEEEEE LR R EEE e E R AR R

//**********************************************************************

// @Function void CCl_Initialization(void)
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//

[ m e
// @Description This function initializes the CAPCOM 1

// component.It effects all necessary configurations
// of the SFR, depending on the selected operating
// mode. The configuration determines whether the

// CAPCOM interrupts are to be released, and the

// priority of the released interrupt.

//

/) mm e e e
// @Returnvalue none

//
s
// @Parameters none

//

/) m e e
// @Date 02.10.00 20:40:18

//

//**********************************************************************

void CCl_Timer0O_Initialization (void)
{
TO1CON = 0x0007;

//********************************************************************

//* reloadvalue defined that 1 KHz that Timer 0 interrupt willbe
//* called every 1 ms

//* —---— Timer 0 Configuration -------—---—--—-

//* timer 0 works in timer mode

//* prescaler factor is 1024
//********************************************************************

TO = OxFFF6; // load timer 0 register
T1 = 0x0000; // load timer 1 register
TOREL = OxFFF6; // load timer 0 reload register
T1REL = 0x0000; // load timer 1 reload register

VAR AR AR EEEEEEEE iR EEEEE Rt EEEE e R EEE R

//* enable timer 0 interrupt
//* timer 0 interrupt priority level (ILVL) = 6

//* timer 0 interrupt group level (GLVL) = 3
//********************************************************************

TOIC = 0x005B;

//********************************************************************

//* P2.0 is used as output for CAPCOM channel 0
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//* P2.8 1is used as output for CAPCOM channel 8

//* initializes port 2 for the capture/compare channels
//********************************************************************

P2 |= 0x0000; // set port data register
ODP2 |= 0x0000; // set port open drain control register
DP2 |= 0x0101; // set port direction register

//********************************************************************

//* ---- Capture Compare Channel 0 -------------
//* compare mode 3: set output pin CCO0IO on each match
//* CCO allocated to timer TO

VAR AR AR EEEEEEE LA EEEEE Rttt EEEE R R R R R

CCMO
CCo

0x0007;
0x0000; // load CCO register

//********************************************************************

//* ---- Capture Compare Channel 8 -------------
//* compare mode 1: toggle output pin CC8I0 on each match
//* CC8 allocated to timer TO

VAR AR AR EEEEEEEE SRR EEEE R RS R R R R R

CCM2 = 0x0005;

//********************************************************************

//* Comparevalue of CC8 will realize 50 % duty cycle

VAR AR AR EEEEEEE LA R EEEEE Rt EEEE R R R R

CC8 = OxFFFA; // load CC8 register

//********************************************************************

//* timer 0 is running
//********************************************************************

TOLCON |= 0x0040;

//********************************************************************

//* define P3.8 as an output an set portpin to high
//********************************************************************

P3_8 1; // set port data register for Test Pin
DP3_8 =1; // set port direction register for Test Pin
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3.6 Timer 0 interrupt routine generating a one second blinking
repeat frequency

VAR AR AR EEEEEE LA EEEEE R E R R AR

// @Function void Timer 0 Interrupt(void) interrupt TOINT
//

VAR AR AR EEEEEE LR EEEE R AR E R R AR EE

// @Timer 0 Interrupt routine

//=

// Timer O : Initialisierung 10 ms Interrupt
// Goal : Key active checking

// Date cahange : 21.08.00

// Name : Kattw.

VAR AR A AR EEEEE LR R EEE e E R R R R

//**********************************************************************

//* includefiles
//*******************k*k*k*k*k*k**********************************************

#include "MAIN.H"
#include "CCl.H"

VAR AR AR EEEEE LR R EEE R E R ARt

//* definition of the portpin for the testpin 1 KHz P3.8

//**********************************************************************

sbit P3_8 = P378;

VAR A AR EEEEEE LR R EEE R E R AR Rt

//* externla data variables
//**********************************************************************

extern unsigned int TimeBase;

VAR AR AR EEEEEEE L AR EEEE AR E R ARt

//* interrupt routine Timer 0
//**********************************************************************

void Timer_ 0O_Interrupt (void) interrupt TOINT
{

VAR AR EEEEEEEE LA EEEEEE Rt EEEE LR R R R

//* increment time variable
//********************************************************************
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TimeBase++; // will be used in main

VAR AR AR EEEEEE LR EEEE R AR EE R e E Rt

//* toggle P3.8 with an frequency of 1 KHz

//********************************************************************

P3_8 = !P3_8; // test rectangle 1 KHz
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3.7 Main program

VAR AR AR EEEEEE LR R EEE e E R R R R Rt

// @Module Main

// @Filename MAIN.C

// @Project TFT V 1.0

[ m e e
// @Controller Infineon C167CS-32FM DA Step

//

// @Compiler KEIL Cl66 V2.05

//

// @Description This file contains the Project initialization
function.
//

// @Date 29.09.00
//

VAR AR AR EEEEE LR R EEE AR R R AR R

//**********************************************************************

//*@Note

//*

//*

//* BUSCON 4 will be used for addressing TFT with asynchronous ready,
//* 3 waitstates, 128 KByte Adressraum

//*
//*******************k*k*k*k*k*k**********************************************
//%/
//**********************************************************************

// @Project Includes

VAR AR AR EEEEE LA EEEE R E R R R

#include "MAIN.H"

//**********************************************************************

//* external background picture arrays
//*******************k*k*k*k*k*k**********************************************

extern unsigned char const Arrayl1[118][480];
extern unsigned char const Array2[118][480];

VAR AR AR EEEEEE LR R EEE AR AR R

// @Global Variables

//**********************************************************************
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unsigned char xhuge TFT_RAM [0x20000];
unsigned char xhuge *pointer_anz;
unsigned char *pointer_bild;

unsigned int TimeBase = 0;

//**********************************************************************

// @Test Variables
//**********************************************************************

sbit P3_8 = P378;
sbit DP3_8 = DP3"8;

sbit P2_8 = P278;
sbit DP2_8 = DP2"8;

sbit P2_0 = P270;
sbit DP2_0 = DP270;

sbit P2_1 = P2"1;
sbit DP2_1 = DP2"1;

VAR AR AR EEEEEE LR R EEE R R E R AR

// @Project initialization
//**********************************************************************

void Project_Init (void)

{

VAR AR AR EEEEEEE LA R EEEEE Rt EEEE R R R R

// @Timer 0 initialization

//=============================S==S==S====S===========================
// Timer O : Initialisierung 10 ms Interrupt

// Goal : Key active checking

// Date cahange : 21.08.00

// Name : Kattw.
//=============================S==S=S====S=S==S=S=S=S=================

//********************************************************************

CC1l_TimerO_Initialization() ;

P2_8 0; // set port data register
DP2_8 =1; // set port data register

VAR AR AR EEEEEEE LA EEEEE Rttt R RS e R EEEE R

// @global interrupt enable

//********************************************************************
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IEN = 1;

VAR AR AR EEEEEE LR EEEE R AR EE R e E Rt

// @Function void main(void)

//
//=============ssssoossSssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsS=ss
// Timer 0 : Initialisierung 10 ms Interrupt

// Goal : adressing TFT display

// Date cahange : 21.08.00

// Name : Kattw.

VAR AR AR EEEEEE LR R EEE RS EEEE AR Rt

void main(void)

{

//********************************************************************

//* define variables for the loops
//********************************************************************

int row, coloumn;

Project_Init();

//********************************************************************

//* define the value for several portpins
//**************“k“k“k**************“k“k“k*********************************

P2_0 =1; // set port data register
P2_1 =1; // set port data register

//********************************************************************

//* define the value for portdirection of several portpins
//********************************************************************

DP2_0 = 0; // set port data register
DP2_1 =1; // set port data register

VAR AR EEEEEEEE LA EEEEEE Rt EEEE e EEEE R

//* define the value for several portpins

//* only siple version of testing without debruise function
//*******“k“k**************“k“k“k**************“k“k“k*****************“k“k“k“k“k“k“k“k

while (P2_0 == 1) // Tastenabfrage P2.0
{
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P2_1 = 1; // Taste gedrickt ?
}

P2_1 = 0; // Taste wurde gedrickt !

//******************************************************************

//* Initialize first 117 Rows of the 7" display

//* Initialize Pointer picture
//******************************************************************

pointer_anz = &TFT_RAM([O0];
pointer_bild = &Array2[117]1[480];

//******************************************************************

//* loop for the first 117 rows

//* reason : C-Compiler allows only HCONST of max. 64 K Byte,
//* so we have to split the 128 K Byte of display data into 2
//* blocksof 64 K Byte each

VAR AR EEEEEE AR EEEEE R EEE R EEEE R

for(row = 117 ; row >= 1 ; row--)
{
for(coloumn = 480 ; coloumn >=1 ; coloumn--)
{
*pointer_anz++ = Array2|[row] [coloumn];
}
}

//******************************************************************

//* Initialize second 117 Rows of the 7" display

//* Initialize Pointer picture
//******************************************************************

pointer_anz = &TFT_RAM[56160];
pointer_bild = &Arrayl[117]1[480];

VAR AR EEEEEE LR EEEE SRR EE R R EEE R

//* loop for the second 117 rows

//* reason : C-Compiler allows only HCONST of max. 64 K Byte,
//* so we have to split the 128 K Byte of display data into 2
//* blocks of 64 K Byte each

//******************************************************************

for(row = 117 ; row >= 1 ; row--)
{
for(coloumn = 480 ; coloumn >= 1 ; coloumn--)
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{
*pointer_anz++ = Arrayl|[row] [coloumn];

}

//******************************************************************

//* loop for the second 117 rows begins here / blinking mode
//“k“k“k“k“k“k“k“k**************“k“k“k**************“k“k“k************************

while (1)

//“k“k“k“k“k“k“k**************“k“k“k**************“k“k“k***********************
//* wait for one second

//* increment will be done in Timer 0 interrupt routine

//* every 1 ms
//****************************************************************

TimeBase = 0;

while (TimeBase <= 1000);

//****************************************************************

//* Initialize first 117 Rows of the 7" display

//* Initialize Pointer picture
//****************************************************************

pointer_anz = &TFT_RAM[56160];
pointer_bild = &Arrayl[117]1[480];

VAR AR EEEEEE S E AR EEE RSttt iR EEEE R R R R

//* loop for the last 117 rows refers to blinking mode
//* clear screen part
//*

//****************************************************************

for(row = 117 ; row >= 1 ; row--)
{
for(coloumn = 480 ; coloumn >= 1 ; coloumn--)
{
*pointer_anz++ = 'x'; // reserve '0';0x00;
}
}

//****************************************************************

//* wait for one second
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//* increment will be done in Timer 0 interrupt routine

//* every 1 ms
//****************************************************************

TimeBase = 0;

while (TimeBase <= 1000);

//****************************************************************

//* Initialize second 117 Rows of the 7" display

//* Initialize Pointer picture
//****************************************************************

pointer_anz = &TFT_RAM[56160];
pointer_bild = &Arrayl[117]1[480];

VAR AR EEEEEE SRR EEEEE et EEEEE R R R R

//* loop for the last 117 rows refers to blinking mode

//* show oilcan
//“k“k“k“k“k“k“k**************“k“k“k**************“k“k“k***********************

for(row = 117 ; row >= 1 ; row--)
{
for(coloumn = 480 ; coloumn >= 1 ; coloumn--)
{
*pointer_anz++ = Arrayl|[row] [coloumn];
}
}
}
while (1) ;
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Target ;I
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Figure 20 Locator Setting
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3.9 BUSCON 4 Settings

[E] File Edit Wiew Project Debug Peripherals Took SVWCS ‘window Help

=1&]x]

=== - Nl (e
@@ [mF| o g e

A T Tk Fe 4 AR aff

Start11

|
lE e e e > Ei()&\@.ﬁ‘ff&%)“
& | a% [Target 1 | |
= [ SSET (BUSCORA = 11 =
=] ﬁ Target 1 Define the start address and the address range of Chip Select 4 (CSd#)
s Source Gro This valuss are used to ==t the ADDRSEL4 register
253 CSouce “DEFINE ¢ADDRESS4) ¢100000H) . Sot CEA# Start Address (default 400000H
. YDEFTNE (RANGE4) = (123K) St CEA# Renge (default 1024K - 1ME]
MCTCA: Mencry Cyole Time (BUSCON4 0 EUSCON4 33
! Hote: if RDYEN4 == 1 o masimum number of 7 waitstates can be selected
(MCTC4 . EQU 3 : Hemory wait states is 1 (HCTC4 field - DEH).
== |

. RWDC4: REad/Urlte Slgnal Delay (EUSCONS . 4)
_RWDC4 Delay Time 0.5 States
Iim Delay Time 0  States

{ JTes: Menory Tri-state Time (BUSCONA.©):
_MTTC4  EQU - Delay Time 0.5 States
B ; E e Delay Time 0  Gtates

: BTYP4: External Bus Can 1gurat1:m Control (BUSCON4.&6 .. BUSCON4. 7):
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: : 1 = 8 Bit Multiplezed

2 = 16 Bit Non Multiplexed

3 =

16 Bit Hultiplewed =
.|_I

x| 5
jJII|4 A[ETPIT Buitd A Command_j_Findin Files | I>|j
[L7an e L B 17
Figure 21
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TFT C167CS 32 FM 23.07.00 - pVision2 - [D:\Projekte\Test Starterkit C167CSn 30.04. 20005TFT C167CS 22.07.007Sta . S ES |
Bflls Edit “iew Project Debug Peppherals Tools S5%CS5 ‘Window Help ;Iilil
sl = - R - el A T Yo Gy [EOII -] 44
@8 Q|nE ey n
EAEL N e A==
|_| ‘A‘QITalgeH j|
== ; ALECTL4: ALE lengthenlng Contral Bit (BUSCON4 9 : j
_ALECTL4 EQU 1} see data sheest for description et
=24 Target1
~-[Z2 Source Gi¢ . BUSACT4: BEus Active Control Bit [BUSCON4 10}
EI--a CSource _BUSACT4 EQU 1 ;= 0 external (ADDRSEL4) bus disabled
Main.c . =1 external (ADDRSEL4] bus enabled
Oelkail | | pryENs: READV# Input Enable control bit (BUSCON4.12):
Oekall | "RDYEN4 EOU 1 0 = READY# function disabled
CCid ; ;1 = READY# function enabled
23 StatUp
Shartdl RDY &454: Synchronous - Asynchronous READY# Input (BUSCON4 3] —
ote: This bit is only val1d if _RDYVEN4
RDY AS4 EQU 1 B & synchranous READY# input
B 1 = azynchronous READY# input
; CSREN4: Read Ch:Lp Select Enable bit (BUSCON4 . 14):
_CSREN4  EQU E C54# i= independent of read command {(RD#)
1 = CS4# iz generated for the duration of read
CSWEH4 : Write Ch:\.p Select Enable bit (BOSCON4 15):
CSUEN4 EQU 0 = CS4# is independent of write command (WR#)

‘l ﬂ ;1 = C54# is generated for the duration of write
=P &) ,
: :
| =

T LA TE TFIT, Buitd f_Gormrmand _Finetin Fles 1K I+
|L7eC:d R
Figure 22
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3.10 Monitor Driver Settings
Monitor Driver Settings E

— Monitor Configuration

— Diescription

[Phytec C167C5-32FM

=

Part: IEDM 1 VI
Baudrate: IS?BEIEI VI

—PC Port Settings—————————————

— Stop Program Execution with

" Serial Interrupt or M|
& MMl only

—LCache Options—————————————
¥ lgnore Code Modifications
¥ Cache Fd emony

¥ Cache 5FR Space

Fonitor for Phytec C167CS-32FM Board

“r'ou need under Dptiong - L166 Misc RESERYE:
8H-0BH. 0ACH-04FH

For comect uzing the Monitor:
connect the PC COM port to P1 connector

Jurnper Settings:
JPE [1+2) C50 - FLASH

[3+4] CS1 -» RaM
JPZ open P39 freeely available [= default]
JPE: open P3.8 freeely available [= default]
JPD: [1+2] DBS-plug P2 for CAM  [= default)
JP10: [1+2) DES-plug P2 for CAN  [= default]

BOOTSTRAR MODE

4] |

Figure 23
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4 Miscellaneous

4.1 Pictures of the TFT Driver Module BT 040 (Data Modul)

This Modul delivers the necesary analogue Supply Voltages.

Figure 24  TFT Driver Module BT 040
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4.2 Picture of the TFT Display EDTCA07QEF (Data Modul)

The picture with the blinking oilcan as an alarm announcement for the car driver. The
oilcan is drawn with Corel Draw, rearranged with Paint Shop Pro and finally confiured
into a sufficient data format by using Ultra Edit. This data are adapted ito two arrays of
64 Kbyte each. A SAK C167CS-32FM transfers the data to the TFT control unit of the
display (BT 040).

Figure25  The TFT Display EDTCA07QEF
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4.3 Picture of the Backlighting module CXA — 0256 (Data Module)

- R
L156
9520-VX)

SR

Figure 26  Backlighting module CXA - 0256

4.4 Picture of the Starterkit C167CS-32FM (Phytec)

Figure 27  Starterkit C167CS-32FM
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4.5 Timing calculations / read timing

Consideration of the BT 040 Read Timings.

== tHD ol Al tHW 1
| | |
AR
‘ | | L | | L
TN T T N
I I I
o— A
o A
| | P o o m—— | | | |
AT N—— N
| | Il | | | | | |
I ==\
oy ——————— | N
oy |- N
i i i w1/ \ i i i
Figure 28 READ-Zyklus, Intel-Intgerface
Note: RES = Low, NRES = High
Table 5 Timing
Description Symbol Minimal Typical \ Maximal Unit
RD t, 150 300 ® 1000 ns
access time
Data ts 0 - - ns
setup time
Data toy 0 - 30 ns
hold time
Ready [ 0 - 30 ns
hold time
RD tw 100 - - ns
repeat time
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Length of Read Signal in reading mode

The length of the low-phase of the RD# signal will be controlled inevitablen via the
READY# signal. At the earliest after 160 ns, and not later than 1 us the BT-040
delivers the valid data. From the viewpoint of the C167CS only that time has to be
bypassed by waitstates the BT-040 delivers a valid READY# signal. The first
assessment of the READY# input will be done (non-extended ALE) with the first rising
CLKOUT slope during a bus cycle.

Case 1: previous bus cycle has been no access to the BT-040: RDY or NRDY is stable
at status 'not ready'.

= no WS necessay

Case 2: previous bus cycle has been an access to the BT-040 : RDY or NRDY is
stable again with status 'not ready' max. 30 ns after the last access.

= 1 memory cycle time waitstate or tristate waitstate or extended ALE necessary @
20 MHz/non-mux bus.

As well the 'RD repeat time' will be min. 100 ns, so that in case of two each other
following accesses @ 20 MHz/Non-Mux bus a tristate waitstate or extended ALE is to
be used and R/W delay must not be disabled (bit RWDCx has to stay = 0).

Note: It is to be considered that the data driver of the BT 040 could be active 30
ns after the rising edge of he RD# signal (will be nor problem if R/W delay
is active (t 20/T21)).

Lenght of the write signal in write cycle

The lenght of the low phase of the WR# signal will be controlled inevitable by the
READY# signal. At the earliest after 130 ns an at the latest after 600 ns the BT-040
has taken over the write data. Regarding the consideration of the waitstates which will
be necessary during a write access in a roughly translated the same arguments are
valid as in the read cycle (s.o.).

Which slope is the reference slope?

Reference slope is the CLKOUT; in best case the rising CLKOUT slope corresponds to
the falling ALE slope.

t,,=2 TCL + 15, to enshure a secure recognition.

Window length is specified by t , t
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Change of the sample point as a function of the number of cycle time
waitstates?

The first relevant sample point will be shifted with n Waitstates (n = 0..7) by precise n *
2TCL.

The lenght of the window in relation to the rising edge of CLKOUT remains unchanged
specified by t

587 t 59"

When ready will be recognized?

Generally valid is: will READY# be recognized as ,high* during the first relevant sample
point, wait states will be implemented as long as RAEDY# will be recognized as ,low".
After that the bus cycle with the next but one falling CLKOUT slope will be stopped.

Is a tristate waitstate to be inserted?
A tristate waitstate is to be inserted on account of read/write repeat time of the BT-040.
Is there any code to be executed out of the internal flash by the SAK C167CS-

32FM during waiting on the low signal of the ready pin?

Two cases are to be considered:

e Reading operands: C167CS has to wait until valid data are available. Reason: The
MC needs the data for further instruction execution.

o Writing operands: write back of results can be done in parallel to the execution of
further instructions out of the internal flash. The C167CS has to wait if he needs
further operands from te external bus or from XBUS peripherals.

Is a tristate waitstate necesary?

A tristate waitstate will be necessary regarding the read/write repeat time of the BT-
040 (100 ns).

Further the consideration of the ready timings of the C167CS-32FM data sheet SAK
C167CS-32FM from 3/ 99.
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Running Cycle "

READY
Waitstate

MUX/Tristate 8

TN\
/]

- I? 9 -

[32
™~ [33
rSD
AN
r31 ot
IT

CLKCUT /

ALE 7l

Command

RD, WR ANEAN /

— .' — ,'35 L
——l 'fSS |tm— ﬁ [—
Sync
READY VE
—n —w P
_—| Teg foy He—
Async
READY J \\ ,/
R — ha— se0 6 —a

Figure 29 CLKOUT and READY
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And the appropriate times: Time after rising edge clockout =t + 1t

,=2TCL+t_=54
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Table 6 CLKOUT and READY

(Operation Conditions apply)

Parameter Symbol Max. CPU Variable CPU Unit

Clock =25 MHz | Clock1/2TCL =1

to 25 MHz

min max min max
CLKOUT cycle time t, CC | 40 40 2TCL 2TCL ns
CLKOUT high time t, CC | 14 - TCL-6 | - ns
CLKOUT low time t, CC | 10 - TCL-10 | - ns
CLKOUT rise time t, CC |- 4 - 4 ns
CLKOUT fall time t, CC |- 4 - 4 ns
CLKOUT risingedge |t, CC |0+, [10+1, |0+, 10+1, | ns
to ALE falling edge
Synchronous t, SR | 14 - 14 - ns
READY setup time
to CLKOUT
Synchronous t, SR | 4 - 4 - ns
READY hold time
after CLKOUT
Asynchronous t, SR | 54 - 2TCL+ | - ns
READY low time te
Asynchronous " t, SR | 14 - 14 - ns
READY setup time
Asynchronous " t, SR |4 - 4 - ns
READY hold time
Asynchronous ? t, SR |0 o+2t, |0 TCL- | ns
READY hold time +io+t 20 +
after RD, WR high ? 2t, +t,
(Demultiplexed Bus) +t.?

1)  These timings are given for test purposes only, in order to assure recognition at a specific clock edge.

2)  Demultiplexed bus is the worst case. For multiplexed bus 2TCL are to be added to the maximum values.
This adds even more time for deactivating READY .
The 2t, and t; refer to the next following bus cycle, t, refers to the current bus cycle.
The maximum limit for t,, must fullfilled if the next following bus cycle is READY controlled.
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