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TOSHIBA MICROCOMPUTER PERIPHERAIL LSI
o 10 JAN- 1986
Type ;| Parts name , Package F u n ¢ t i o m_ B _Es MP
RTC | . Real Time Clock i
: 4bi1t MPX data bus ) |
: Counts second,minute hour,day,
: month.year,day of the week.
: Low power consumption. R S
. _TC8250P . DIP16 Battery charge control .. 0K _. OK
. TC8250AP_ pipi6 . 0K OK
CRTC ' CRT Controller LSI
. , MC68B45 function compatible CMOS . .
L _TC8505AF | MFP44 ) version. fmax 6MHz. _OK _, OK_ __ OK |
{ TC8505AP . DIP40 OK OK
HDC | I Hard Disk Controller
; i | 28000 CPU bus compatibie
) \ ST506 type disk interface
I TMPZ80C47P | DIP48 10Mbps disk I/0 transfer OK OK
(T6647) | o e
FDC | ; Floppy Disk Controller
! uPD765AC function compatible CMOS __ e
| _TC8565F | MFP44 » version OK | OK
. _TC8565P . DIP40 | _ o OK_ i OK
CPC i ; Combination Peripheral Controller
i | | CART 1ch + Baud Generator -
' L N Parallel Interface (8bit). e
| . _TC8576AF | MFP44 | UART + Parallel I1/0 Programmable. OK | OK
. L_TC8577AP . DIP40 | _UART + Parallel Qutput. _ OK . OK
L | TC8578AP | DIP40 UART + Parallel Input. OK _ OK
i FDMC | . Floppy Disk Mechanism Controller :
| | i Customized 4bit CPU for floppy
| | | ; disk drive control. o ! o
| __TC8600F | _MFP44 | 5.25 inch FDD o _OK_ 0K
| _TC8601F | _MFP60 3.5 inch FDD with CMOS interface -, OK_ '86/1Q
L i _TC8602F | MFP44 | 3.5 inch FDD o _OK_ OK .
1 LCD/ i LCD / CRT Controller LSI
CRTC| ; . Drives 640 x 400 dot Mtx. LCD.
| | | Capability to control CRT VIDEO :
| T7779 | FP100 | Software compatible with 6845 0K 86/2Q
| ! type CRTC R _ R S
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Precautions for Handling

(1)

(2)

The CMOS LSI gates have extremely thin oxide films. 1If a high voltage is
applied to this gate electrode (input of CMO0OS LS1), the oxide film
directly under the gate can be irreversibly damaged.

On the CMOS LSI, in order to protect the CMOS gates from high voltage,
diodes and resistors have been inserted into all input terminals.

However, the effect of the protective circuits on unforeseen high
voltages may not be sufficient in some cases. Care must therefore be
taken in handling CMOS LSI.

Transportation and storage

Since the input and output terminals of CMOS LSI devices are of very high
impedance, they are susceptible to static charge. Therefore, in
transporting and storing the CMOS LSIs, it is necessary to use conductive
mats, metallic boxes, aluminium foil covered boxes, etc.

As CMOS LSIs are shipped in a conductive case or inserted in a conductive
mat, it is important not to remove them from their protective environment
unnecessarily. In particular, it is necessary to avoid use of plastic or
vinyl containers that are susceptible to static electricity.

Assembly

When the CMOS LSI circuits are mounted on a printed circuit board, they
are taken out of conductive containers; it is therefore necessary to
ground electric apparatus, work bench and worker to protect the circuits
from static electricity.

It is advisable to ground the work bench by covering its surface with a
metallic plate or aluminum foil and fto ground the work bench and worker
using resistors of about 1Mohm in order to protect him and the circuits
from electric shock from electrical equipment.

It is simple and easy to ground through a metallic ring, metal lic watch
strap, etc. In addition, it is also advisable to avoid the use of
working clothes made of synthetic fiber if at all possible.

As leakage from electric apparatus is undesirable for safety, it is
necessary to check electric apparatus at reguldar intervals to assure that
there is no leakage.

When lead wires are shaped in installing LSI, it is recommended to use a
pin setter or other tools to avoid stress being applied to their bases

It is advisable that the assembled printed circuit board be stored or

transported after their terminals have been shorted or the entire circuit
board is wrapped with an aluminum {oil.
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(3)

a.

Recommended Methods for Soldering

Soldering Iron

The Soldering should be performed at 260°C for not more than 10 sec, or
at 3500C for not more than 3 sec.

It has been confirmed that there is no problem with the reliability of
the CMOS LSI when thermal stress is applied at 260°C for 10 sec. It is
recommended to use a class A iron having insulation resistance of more
than 10Mohm.

. Reflow

1) Temperature at leads should be 260°C and apply for not more than 10
sec.

2) Ambient temperature of package surface should be 240°C Max and apply
for not more than 10 sec.

3) Refer to the figure below of examples of profile of recommended

temperature.
240°C f ----cmmm e o
8 210°C | r--mmmmmmmmmmmeoo oy SETLEEE
= ' : ' '
] 1 1
5 AR
3 | ! 1 |
't; | : ' |
3 A
o 1] ' 1 )
g 1s0%¢c S
& : Lo
' | ! | '
' 1 ! | |
' 1 ! ) |
' 1 ! | |
' | ' ' '
| Lo
ke > = | Time (second)
I~ 60second l Not more than 10sec.

Not more than 30sec.

4) Precautions on Heating Method

When the package is exposed to high temperature for a long period of
time, reliability of the device may be affected.

So it 1is necessary to complete soldering within a short period of
time.



When an infrared rays heater is used, avoid direct irradiation of
infrared rays to the package surface, since it may cause partial
temperature increase.

When vapor phase solder is used, soldering time should not be more
than 30 sec.
(4) Cleaning
After the LSI has been soldered on a printed circuit board, it is cleaned
to remove flux in many cases. For this cleaning, an accelerated cleaning
method wusing a cleaning agent for removing flux or ultrasonic waves is

of ten used.

To prevent the package material or marking of the CMOS LSI from being
influenced, this solvent must be carefully selected.
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INTEGRATED CIRCUIT
TOSHIBA NiCAL DATA TC8250P/APﬁ

TC8250P TC8250AP

REAL. TIME CLOCK

1. INTRODUCTION

The TC8250P or TC8250AP is a single
chip C-MOS LSI for real time clock,

which is composed as a peripheral LSI
of a microcomputer. . o [y
1

The RTC has a 32768Hz X'tal ok SN
oscillation circuit, counter group oo " D\r
for clocking, control circuit for TC8250P
read/write from CPU, and battery v fla LarweT
backup terminal. The package is a 16 rcg2so0ap i
pin DIP, and a non-power interruption S R o [Jrous

type clock system can be realized
with 1[/0 ports, X'tal and battery.

[Ja ktic,
‘JWum
- D\’J.‘\‘

The input terminals for the CPU have
pull-down registers in the TC8250P.
The TC8250AP has no pull-down

registers. PIN ASSIGNMENT (Top View)
2. FEATURES
o Low Power Consumption ‘ ) Cgﬁz&_,j,"“'“‘“?/ . =5 voo
o 32,768Hz X'tal Oscillation Circuit §
5 Counts Seconds, Minutes, and Hours i BUS L%# ,
o Counts Days of the Week, Date, VR “‘IT@EEXT
ADAPTER CLOCK 2pF
Month, and Year. l COUNTER v
0 Automatic Leap Year Compensation ALE [Ty i UMT I XT
o Battery Back-up function with Low % A WSM
Voltage Detector i 0o 15ST TEST
o Battery Charge Control Terminal o) é ng' ;J ]
(VCHG) 8
o Signal output (2048Hz - 1Hz, 1 11 [y i} ADL F—{>——{7] TOUT
minute, 10 minutes. programmable) %_‘L gt_J
i 3 (€3]
o Write . Protect Key for sure A2 ~ AD2 E = stz
operation ng’ _J = D (]
0 4 bit Multiplexed Bus %ﬂ "“‘Eh } <
o 16-pin DIP A3ty B w3 =y —{3) vete
= _?jr— J
GND [} VOLTAGE COMPARATOR VSSC

BLOCK DIAGRAM (TC8250P)
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INTEGRATED CIRCUIT

TOSHIBA |
TECHNICAL DATA TC8250P/AP

3. Description of Pin Function

o VDD +5V Volt supply.
o GND Ground
o VSSC -3V to VDD terminal supplies for clock logic.

o VCHG The battery charging terminal. Connect this terminal to the minus
terminal of the battery via the current limit resister. A built-in
transistor is cut off, when the system supply voltage (supplied to
VDD) is below battery voltage.

o 4KHz (Signal output)
4KHz signal obtained by dividing a clock from the X'tal (32768Hz) is
outputted by the 5V circuit Duty: 50% - 50%

o TOUT (Signal output)
The terminal for outputting 2KHz to 1Hz, 1 minute and 10 minutes
outputs by the internal program.

o CS (Chip select)
When this signal is High, Read or Write operation (by W/R terminal)
is executed for address pointed to by the internal address latch.

o W/R (Read/Write control)
| CS W/R | ADO to AD3 ]
Lo X | Hi-Z, input mode |
L 1 0 | Counter -> Data Bus |
|1 1 | Data Bus -> Counter

When both CS and W/R are High, the write operation to the clock chip
is executed. When cs is High and W/R is Low, the read operation from
the clock chip is executed.

o ALE (Address latch enable)
When this signal is placed at High level, contents of ADO to AD3 are
taken into the internal address latch of the clock chip

o ADO to AD3 (Address data bus)

The bidirectional data bus (4 bits) is used to exchange data and
address with CPU side.
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

4. System Configuration

The RTC can be used in two connecting method of VCHG. Shown in system
configuration (1) is a case in which a private battery is provided to the
RTC with +5V used as the common terminal. System Configuration (2) shows
a case in which GND side is used commonly and 5 to 3V is applied
depending upon availability of main power.

Two kinds of connecting methods are selected according to the
configuration of the entire system. Both system configurations are as
follows.

System Configuration (1)

When no device is backed up besides RTC, the control circuit for back-up
can be omitted.

As 3V from the battery is fixedly supplied to the clock counter unit,
the accuracy of clocking operation can be improved.

PCa out cs ~ v
DD
> I
ouT XT - N -
PCS W/R —{0t
ouT -
PC6 ALE XT
/0
PCO / ADO TREST |
1,0
PC1 AD1 TouT
A+ L
10 -
PC2 ADR 4kHz - T
R
PC3 /0 AD3 VcHG —J\N»T
GND Vssc

System Configuration (1)
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

System Configuration (2)

The RTC can be connected in parallel to such back up devices as C-RAM,

etc.
(Note) When the VCHG level is lower than VSSC, the battery backup function
by VCHG is active. (System Configuration (1))
When the VCHG terminal is connected to VDD, VSSC and GND must be
connected. (System Configuration (2))
5V Backup e~ HY ) Ty C rAM VDD
Circuit T T
1 C
o
cs vpDn ;
EXTEEE:
p , ] |
R XT ‘1U| *
: |
ALE, T L
; i
2 ADO TECT | i ;
o ! !
o AD1 TouT i |
2?2 'L?‘at,
o ADZ 4KkHz
: i
= AD3 VCHG | [
1 !
GND Vaue [ !
[ ] ]
: ) 4 |
|
|

System Configuration (2)
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TC8250P/AP

5. Functional Description

5.

1

Data I/0 Method

There are 16 kinds of addresses inside the RTC,

which are controlled by

the 4 bit address line. These addresses are shown i1n the following
table.
i Content of'! ! | !
Adrs.latch: Hex. | Write Data | Read Data Remarks ;
© A3A2A1A0 | D3 [ D2 1 D1 | DO {D3|D2] D1 DO | |
[ 0000 | O ! 8(s)! 4(s)i 2(s)! 1(s)!'<-<-} < < 1 1 sec. digit
. 0001 ¢ 1 140(s)120(s) [10(s)| Oi<-| < + < i 10 secs. digit |
L | L(*) ! | S ; ; |
. 0010 | 2 8(m){ 4(m): 2(m)! t(m)<-j<-1 < | < i1 min, digit |
0011 38 = 140(m)j20(m)]10(m)] O]<-I <- | <= i 10 mins. digit
0100 4 | 8(h)] 4(h)] 2(h)| 1(h)j<-{<-] < | <= | 1 hour digit |

| 0101 | 5 | - 140(h)j20(h)i10(h)f Ol O} <- | <- 't 10 hours digit |
0110 | 6 | 8(d); 4(d)| 2(d)] 1(d)[<-4<-1 <- i < 1 day digit |
0111 | 7 | - i40(d)j20(d)jio(d)| 0y 0] < , <- 1 10 days digit
i 1000 8 1 8(M) 4aM)| 2M)| I(M)]<-l<-i <- 1 < | 1 month digit |
{ 1001 9 Ll 1 L0} - J10(M)i<-j<-| LY | <~ | 10 months digit |
i ; L %)L (2*) | | Lo i (**); i j
i 10 0 I A | 8(Y)L4a(Y)l 2(Y)l 1(Y)l<-]<-| <- 1 < | 1 year digit
i 1011 I B i80(Y)|40(Y)20(Y)[10(Y)|<-|<-| <= | - | 10 years digit
L i I ; . : S i [ (***) J
i 1100 | C | - | W2 | W1 | WO | O]<-| < | <- | Day of the week |
. 1101 | D { T3 | T2 | T1 | TO j<-I<-| <= | <- | TOUT Control |
[ 1110 | E | X3 | X2 [ X1 | X0 . ] | | | _KEY (**%%x) J
L, 1111 | F i - 11<-sec. reset> ! | |busy|Xbusy| Status (*¥***) |
(*) "-" is ignored at write operation.

(**) Leap-year control bit.

(***) Day of the week is a numeral 0 to 6.

(K*Kk ) PROTECTION KEY

(KX*Hoxk ) Internal state check bit

[Note] The meaning of abbreviated letter in the above table are as bhelow.

(s): second
(d): day

(m): minute
(M): month

— 37 —
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

5.2 WRITE operation

At first, data on ADO to AD3 is set into address latch by ALE strobe.
When both CS and W/R are High, data on ADO to AD3 is written to a
internal register (counter) pointed to by the address latch.

In this case, "5" must have been written into "PROTECT KEY" (address
0E16) in advance.

The means of PROTECT KEY will be as follows:
KEY = 5 : All registers are writable.
KEY # 5 : No writable except PROTECT KEY.

Further, System Configuration (1), if GND-VSSC > 0.5, it is regarded as
the power failure state and the content of PROTECT KEY is automatically
reset.

5.3 READ operation

Set register address to read out in the same manner as in WRITE
operation. Then, when CS is put at High level at W/R=Low, the register
content is outputted to ADO to AD3.

5.4 Usage

1t is necessary to control READ/WRITE operation so that it does not
compete with the counting operation of the clock counter. To sense the
counting operation of RTC from the host machine side, status is used.
Status is read out by setting 15 (0F16) in the address register. Low
order 2 bits of the content of the status register shown in the following
figure are significant.

| D3 | D2 | D1 _| DO |
[ - | - | busy | Xbusy |
busy : busy denotes the sectional pulse itself, which synchronizes

with one second clock in RTC. The relation between this pulse
and the internal pulse is illustrated in Fig. 5.1.

T T T T T
busy l l,
one sec, pulse I l
Calendar pro-
cess pulse

R/W inhibit
section

9lusec, 9lusec,

Fig. 5.1 Relation between Internal Pulse and Busy
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA

TC8250P/AP

Xbusy : Xbusy is able to read output of F.F. which is set by the busy
signal and reset by the status read strobe treading edge. It's
internal circuit and waveform timing are shown in Fig. 5.2.

xbusy busy
Strobe
negative
pulse
Low level
v “ busy signal
—<trom clock

Fig. 5.2(a) Xbusy Circuit

busy ﬂ ]_l m

Read

u U u

xbusy value ’//Strobe

‘1 reset
Read

ZZ% 1 l 0 1
xbusy

Fig. 5.2(b) Timing of Xbusy

From Xbusy value it can be seen if there is one second count between the
read timing of this time and that of the last time.
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INTEGRATED CIRCUIT

TECHNICAL DATA

TOSHIBA

(1) When it is clear that a series of counter reads or writes completes
within 91 usec [for instance, read of second only, write of hour only

(time difference correction)]

-

the "busy" flag is used.
The program flow in this case is shown in Fig. 5.3.

READ

STATUS

T

DATA
READ
WRITE

. This period

| pulse be

91 usec.

Fig. 5.3 Program Flow (1)
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

{2) When a series of counter reads requires more than 91 usec, the "xbusy"
flag is used. This is such an occasion, for instance, where time data
such as year, month, day, day of week, hour, min.. sec.. are all taken
in. At this time, if clock count pulses are inserted during read, data
before and after the pulse insertion may become wrong. The way of
checking "xbusy" flag to detection the clock count pulse is effective. As
the clock count is occured once per second, even if the first trial is
not good, next trial is surely successful. (Note - It is assumed that a
time for a series of reads is sufficiently shorter than one second.) The
program flow at this time is shown in Fig. 5.4.

START

|3
N

A series of

reads of

counter group

]

STATUS READ

| YES

Fig. 5.4 Program Flow (2)
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INTEGRATED CIRCUIT

TECHNICAL DATA TC8250P/AP

TOSHIBA

(3) Use of Second Reset

WRITE operation of ADR="0F16" resets the second counter to zero. When the
second counter is above 30, carry to the minutes counter is generated. In
the inside of RTC "busy" signal is once ON to perform the same process as
in the normal second carry. This can be used as the beginning of a
series of counter write operations like the initializing sequence of the
clock counter. The program flow in this case is shown in Fig. 5.5.

{ START ’

Prepare data to be
set in clock

1

Open protection
key

T

Second zeroize
command

-]

STATUS READ

NO

STATUS READ

o>

YES

A series of data write

{

Reset protec—
tion key

Fig. 5.5 Program Flow (3)
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5.5 Leap-year control

The year counter (address 0A16' OB,g) is a 00 to 99 year counter by

decimal (BCD) 2 digits.

A leap-year is designated by values of L1 and LO at the high order of the

ten-month digit counter.

L L1 | LO | Leap-year |
L_0 | 0 | Year when the remainder of the year counter is 0. |
L0 | 1 | Year when the remainder of the year counter is 1. |
L1 ] 0 | Year when the remainder of the year counter is 2. |
L 1| 1 | Year when the remainder of the year counter is 3. |

That is, when the 2 digit year counter is treated as low order 2 digits

of A.D., L1=L0=0 is set.
Note) At present, the leap-years are defined to be those years out of A.D.

yvears that can be divided by 4,

except those years that can be

divided by 100 but cannot be divided by 400. Therefore, there are
leap-year every 4 years during the period from 1901 to 2099.

In this connection, when a year number of Showa is set, years with the
remainder of Showa of 3 [the 55th (1980), 59th (1984) ... year of Showa]
are the leap-years and therefore,
29th February is indicated fol lowing 28th February. In the other year,
Further, when the year is the leap-year, D1=1 is
read if the ten-month digit is read.

1st March is indicated.

5.6 TOUT signal program

Li=1,

LO=1 are set. In the leap-year,

It is possible to program TOUT signal according to the value to be set in

address 0D, -

Set Value

C OO d WM O

13
14
15

TOUT Output

1

2

4

8

16
32
64
128
256
512
1024
2048

Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz

1 min.

10 mins.
TOUT=VDD
TOUT=VSS

pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse

pulse
fixed
fixed

— 43 —
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6. ELECTRICAL CHARACTERISTICS

6.1 ABSOLUTE MAXIMUM RATINGS

l ITEM | _SYMBOL | RATINGS { _UNITS j
{Supply Voltage (1) | VDD | -0.5 to +7.0 | \
{Supply Voltage (2) | VDD-VSSC| -0.5 to +7.0 | \
_Input Voltage 1 VI | VSS(C)-0.5 to VDD+0.5 i \
Operating Temperature i Topr | -40 to 85 . o¢
.Storage Temperature | Tstg -65 to +125 i oc

6.2 D.C. CHARACTERISTICS

(Ta=-40~85°C, VDD=+5V, VDD-VSSC=+3V)

| i i | RATINGS i !
L PARAMETER |SYMBOL| TEST CONDITION : MIN. | MAX. . _UNITS
iInput Low Voltage | VIL | ) | -0.3 i 0.8 l V J
LInput High Voltage | VIH | . 2.0 |VDD+0.3 | Vv i
| Input Low Current L JIL 1 ViL=0v -1 : | uA j
!Input High Current (1) | IIH1 | VIH:=VDD . 0.15 | 0.5 i mA i
i (ADO to 3) | | i (note) | J
|Input High Current (2) | IIH2 | VIH=VDD | 0.45 | 0.8 | mA

L {(CS, W/R, ALE) | | | i (note) |

|Output Low Current(1)-1 [10L1-1| VOL=0.4V | 0.75 | | mA !
[ (ADO to 3) 1 : ! ] i J
{Output Low Current(2)-1 jIOL2-1| VOL=0.4V i 0.45 ¢ mA

| (Tout,4kHz) | { | i . ;
|Output Low Current-2 | IOL-2; V0L=0.4V.Ta725°C; 0.75 . mA

| (Room Temp.) | H | L \

|Output High Current-1 ! 10H-1| VOH=4.6V | . -0.2 o mA

L (all output) | | 1 | |

|Output High Current-2 | I0H~2| VOH=4.6V,Ta=25°C; - -0.85 ; mA ;
| (Room Temp.) ] | i ;

(Supply Currert (1) i IDD | | ; 1 | mA |
jSupply Current (2)--1 iISSC-1| fo=32768Hz | ;40 i UuA |
[ i | Cg=10pF 4 ! : ;
iSupply Current (2)-2 | ISSC-2| f0=32768Hz i I 20 I uA

| | | Cg=10pF,Ta=25°% ; 0 i

|Test Terminal Pull-up | Rpull| i 4 i 6 i kohm

| Resistance ; | : N J
|Clock Section Operating |[Vc min| VDD--VSSC i 1.8 | - i Y

L Minimum Voltage [ | ;

Note) The maximum IIH (Input High Current) is 1uA on the TC8250AP.
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

6.3 AC CHARACTERISTIC

(1) WRITE Mode
(VDD=5V+5%, VDD-VSSC=3V, Ta=25°C)

L PARAMETER |SYMBOL| TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT |
|Address Setup Time | _tAs | | 0] - | - 1 us |
|Address Write Pulse Width| tAW | 1] 0.4 | - | = | wus |
|Address Hold Time | tAH | 1] 0.1 | - | - | us |
|Data Setup Time | tDS | | O] - |1 = 1 wus |
[Write Pulse Width | tWww | [ 11 - | = | us |
[Data Hold Time |_tDH | | o1 - | | _us |

N/R / \ f \

tAS | tAW TAH tDS , LWW {DH
ADO~AD3 /ﬁl %
( ADDRESS/DATA) \N )( X W
HIGH IMPEDANDE
ALE 1 I |
cs | l [ |
1C INTERNAL ADDRESS X
READ
TC INTERNAL DATA XDATA XWX*ITE DATA >< >< X X
]
ADDRESS DATA
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(2) READ Mode
(VDD=5V+5%, VDD-VSSC=3V, Ta=25°C)

| PARAMETER |SYMBOL| TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT |
|Address Setup Time | tAS | | 0| - | = | wus

|Address Write Pulse Width| tAW | 0.4 - | - | us |
|Address Hold Time | _tAH | {01 | - | - 1 us |
|[Read Access Time | tRA | |l - 1 = 1071 us |
|Read Delay Time | tbD | | - | - 10.3] us |
|Read Inhibit Time | tRI | ] 0.1 ] - | - 1 us

Note) ALE and READ input become active at level, not at edge.

tRI DATA INVALID

tAS AW tAH tRA tRA tDD
ADO~AD3 \ DATA
( ADDRESS /DATA) m VALID )(
HIGH
l | | | IMPEDANCE

ADDRE3S DATA |

ALE
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Relation between Current Consumption and VDD-VSSC

sac [#a]

1¢g

Current Consumption

80 T

60 7

50 +

40 A

30 +

R0 +

10 4

. Vbph = sV

GND 8%

Test Circuart

'” { :Ccu 1OpH
VDD
XT
| 8% ta
XT
GND Vssc

-L 5\!

®
O,

0~oV

Range of
fluctuation of
product
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Relation between Current Consumption and External CG

[ne]

Ieoe

Jonsamptoon Current

Test Cirennt .
E 1ren Vpn 5V

“* VIp-Vggc—3V
#cu O~B3pF (AND -0V

Ty e
o T
-

taree Of fluc . ua—

|
| troen of product
|
g 10 15 =0 ©5 30

Capucity {(#mzternally mounted; Cg [ph]
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TOSHIBA

ICHG - VCHG CHARACTERISTIC

Van bV
Vpo=Voeo 8V
I
e 11
1o .
1 !__‘1‘ gs
T ) ~ov
Vit
| e © 3‘
VOG-
| -
| i o Vi
1 | _1’-_:v _-I-[_
[ E—
|
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< +
S
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= i of product,
5+
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5 Lo 1.5 20 %5 1 b} 4
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Supply Voltage Dependence of Oscillation Frequency

100
920 ¢+ . . .
80 +
~ 70 T .
o
& 60 + .
EI:
'; >JJ 50 <_Ex’cerna1
EY Ca .
— 3
= 40 1 . .
2 i OPEN \Range by fluctua-
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& o
o jol
2 3
ooz 20
(o] >3
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« - 10 ¢
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> < 0T
S o
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;: o 10pF
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S 5 20pF
. 8  -30
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55 40
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w
-60 T T T
0 1 2 3
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Temperature Characteristic of Oscillation Frequency
(Standardized by externally mounted CG=10pF, VDD-VSSC = 3V, 25°C)

Vioe- GNL, Vpp=Voee - 5V
10 + . . . )
/ VCHG VD

Ll

=

a,

o
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4

g

o

i:; ,40 - - - . . - .

= Vpp-Vesc 8V

s -850 . . . <« {Vpp-Gunbh =5V .
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o
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7. PACKAGE OUTLINE

16PIN DIP(Plastic Package)

16 9
il

Unit in mm

e
6.5 MAX
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=
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TC8505AP/F

(Cathode Ray Tube Display Control ler)

INTRODUCTION
The TC8505AP/F CRT Controller 1is a single-chip CMOS LSI developed for
the purpose of interfacing with a raster scan type CRT display, and is
used on MPU, CRT, terminal units, etc.
The TC8505AP/F is a higher speed version of TC8505P/F with same function.
The CLOCK frequency is 6MHz maximum, therefore the higher resolution CRT
display can be constructed easily by the TC8505AP/F.
The key-board function, read, write, cursor control, and edit are all
controlled by a processor. The CRTC generates display timing and refresh
memory address output. The any type of the OT display can be realized by
optimising the CRTC with well balanced haedware/software.

FEATURES

[} Silicon-gate CMOS Construction

o Single +5V Power Supply

0o 40 pin DIP and 44 pin miniFP

o 6 MHz High-Speed Display Operation

o TTL compatible Inputs and Outputs

[ Full Static Function

o Programmable Number of Display Characters, Number of Rasters per Line,
Display Position, Horizontal and Vertical Timing, etc.

[} Programmable Cursor Position, Format and Blinking
[ No Line Buffer is Required for Refreshing the Screen.
[ Output of 14-bit Refresh Memory Address (Max. 16K words accessible)

o Three Selectable Scan Modes of Interlace, Non-interlaced Sync, and
Interlace & Video.

o Programmable Display Start Address (applicable to paging, scrolling, etc.)
o Built-in Light Pen Detecting Function

o Functionally Compatible with MOTROLA MC6845 and HITACHI HD46505S.
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PIN CONFIGURATION
TC8505AP PIN PIN
¥ [10] PIN NAME [w [10] PIN NAME
1]G|GND 2111|CLOCK
21| RESET 22[1|RW
;E' ggg 3[1|LPSTB 231 E
p . 40| RMAO 24| 1|RS
= 37 5|0 RMA1 25(1].Cs
5 36 6|O|RMAZ 26 10| DB7
6 35 710 |RMA3 27 (10| DB6
= 34 8§ |O|RMA4 28 (10| DB5
[ 133
9] 39 9| 0| RMAS 29 (10| DB4
10 3] 10|O|RMAG 30 (10| DB3
1 — 30 11|O|RMAT 31 (10| DB2
120 28 12|O|RMAS 32 [10|DB1
13 28
e 97 13|O[RMA9 33 (10| DBO
153 26 14|O|RMAT0 34|0|SLA4
igg ggi 15|O|RMAT1 35]|0|SLA3
13 . 16O RMA12 36 |0|SLA2
19 29 17 |O|RMA13 37|0|SLAL
20 921 18[O[DISPE 38[0|SLAO
19|O|CURDISP 39 |0 |HSYN
20| V] (VCO) 40|0|VSYN
PIN PIN
TC8505AF N0 (10| PIN NAME ¥ {10 PIN NAME
1]O|RMA1 23] |NC
2 |O|RMA2 24 10| DB7
3 32 31 3 % 25 2 j g gmj 2: 0 Ezg
o] i monn 10
gt THHE 5O RMAS 2710/ DB4
HHn nont
. 60| RMAG 28 10|DB3
7O |RMA7 29 [10|DB2
yp— I — 8 |O|RMAS 30 10| DB1
35 21 9| [NC 31[10|DBO
g?CEE 20 10 [O]RMAS 32]0|sLA4
= E—— T1|0|RMATO 33|0|SLA3
38 1] 118
pogu— — 12|O|RMA11 34|0|SLA2
80 ] 16 13{0O|RMA12 35|0|SLA!I
L) o 18 14 |O|RMA13 36|0|SLAO
12 oy e 15]0|DISPE 37|O[HSYN
43 ] T T 13
pypum— E— 16 |O|CURDISP 38|0|VSYN
® 17|V](VCO) 39 |V|(VCC)
( 18|1|CLOCK 40|G|GND
oy H 191 |R/W 41[1| RESET
E i , 20|11E 42|1|LPSTB
1234567891 21]1]|RS 43 |0|RMAO
2211].CS 44| |NC

— 54 —




INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8505AP/F

FUNCTIONAL DESCRIPTION OF TERMINALS

o DBO - DB7 (Data Bus) Input/Output
The bidirectional data bus for exchanging data with CPU.
() R/W (Read/Write) Input
When "High", CRTC data is transferred to CPU, while data is transferred
from CPU to CRTC when "Low".
o E (Enable) Input
CRTC enables the data bus and signal exchange with CPU at the edge from
"High" to "Low". Clock signal from CPU is generally used.
o] RS (Register Select) Input
The address register is selected when "Low", and the data register is
selected when "High".
[ /CS (Chip Select) Input
When "Low", CRTC is selected to enable read/write by CPU.
[¢] CLOCK (Clock) Input
This terminal is used for synchronizing signals for all operations except
for interface with CPU. Generally, an external dot counter is used and
which give character rate in a character display CRT.
o /RESET (Reset) schmitt Trigger Input
CRTC reset signal input. All counters of CRTC are initialized and
display operation is stopped but the contents of the control register
remain without being affected.
* CAUTIONS:
1) When "LPSTB" is at "High", the reset operation is not carried
out. (At this time, the test mode results.)
2) Af ter "/RESET" has been "Low", RMAO to RMA13 and SLAO to SLA4
go "Low" at the falling edge of "CLOCK" signal. Therefore,
"/RESET" must be kept at "Low" level for at least one cycle of
"CLOCK" signal.
3) Immediately after "/RESET" is released, CRTC resumes the
display operation. However, "DISPE" is not output until the
first "VSIN"(Vertical Sync) is output.

o LPSTB (Light Pen Strobe) Schmitt Trigger Input
When this input transits from "Low" to "High", the refresh address are
latched in the light pen register. The latch of the refresh address is
executed synchronizing with "CLOCK" signal.

o VSYN (Vertical Sync) Output
Vertical synchronizing signal is given to CRT.

o HSYN (Horizontal Sync) Output
Horizontal synchronizing signal is given to CRT.

o DISPE (Display Enable) Output
When at "High" level, it indicators that the CRT is under the display.

o RMAO - RMA13 (Refresh Memory Address) Output
Memory address to refresh the CRT screen is provided. The refresh memory
with pages of data stored within a 16K block is accessible.

o SLAO - SLA4 (Scan Line Address) Output
Scan line address is output to a character generator, etc.

o CURDISP (Cursor Display Signal) Output
Effective cursor address for displaying the cursor is output to an
external display unit.
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SHEEF
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H
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; = ; e | TOTAL ALIUST ms'raglcj
t © |KEGISTER B
VERTICAL SCAN [*] DELAY || isPR
J~—  CONTROL VERT]CAL DISFLAY CONTRO
: LINE =
| |
i CoMP g | VEKTICAL SYNG CZ:
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— COM k9 N <i
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CURSOR START
l iL | ROl pasrer mEoisTER [
DELAY
= CURSOF cONTROL{ T~ CURDISF
CONTROL R1| CURSOR END —
| RASTER RE3JISTER
]
REFRESH MEMORY | k12|  €TART ADDRESS
ADDRESSOGENERATOR [¥ K13 KEGISTREX C;
L ]l f'owll >M4 CURSUR ALDFESS -
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R16| -
1GHT PEN RKGISTE
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v SLAO~SLA4 Vv RMAO~RMA13

CRTC Internal Block Diagram
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) . ADDKESS BUS
MIu ; | e Trje
: 4 { DaT4 BUS
| |
10T Ul ! L MTIX
COUNTER]TYTT exte PRV
— | TCBBULT N o g
: REFRESH| Sk LD BUS
L I RAM T -
SR E ! ! ’
Do LaTCH ] |
P : i |
l \ + 1 [] LIGHT FEN
A CHAKRACTER VITRC i
| : [sLac~4] GﬁnzgﬁT,* CONTR L {
P Fal 1 LiGHT PuN
C ! Cutlhul
| .
‘:
L
Fig.1 CRT Controller System Configuration Example
DESCRIPTION OF CRTC DISPLAY SYSTEM
The CRT Controller provides required signal to a raster scan type CRT
display circuit. ©n such a display as this, the electron beam starts from
the upper left corner, crosses the screen, and returns back. This
movement of the electron beam is called a horizontal scan. The electron
beam gradually moves down in the vertical direction for every horizontal

scan to the bottom of the
screen,
scan.

bottom ¢f the
one vertical

Two scanning 1
In the
field
line
increased,
of 50 or 60
frequency.

In Fig

indicates the retrace

ine systems of

2,

LCrN Likp

T REIKACH

LN '
'
VERTICAL

HOE1ZOUNTAL

8 b TrFIOL

Fig.2

HORIZONTAL RETHACE
LINE FERICD

Raster Scan System
{Non

Interlace)

screen.

line.
fireker of the frame is
frame/sec

SCAN PERIOD
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The interlace scan mode is used for TV, and monitors which require high
density and high resolution. One picture (one frame) is made by two
fields (two times of the vertical scan). The first field (the even field)
starts from the upper left corner. The second field (the odd field) starts
from the upper center. As shown in Fig.3, two fields interlace into
single frame.

The frames must be constantly repeated to display characters on the CRT
screen. Display data is stored in the refresh memory through the control
of the data processing circuit by MPU. This data is usually written in
ASCII codes and cannot be displayed directly as a character. Therefore,
the character generator ROM is generally used to convert ASCII codes into
a dot pattern for every character.

MPU interfaces with CRTC through an 8-bit data bus by performing write or
read into 19 registers.

1 CHARACTER

f2345678
1 /J\AL VerVas Vs Va:
4 A 74 A ANAS
2 1453 < D &>
3 a Ve o e
\vog A v 4
4 DOODH DHOE CHARACTER DISPLAY
5 D D &L D
6 )'\ Part N }\
A A < N7
1 LINE 7 < - DOOO
14 SCAN LINES | 8
9
10
i; ! LINE SPACE
13
14
|
i i
1
| |
i
1ST SCAN LINE J l i J |
i
i i ! l
ML
2ND SCAN LINE ‘ ‘

Fig.4 Character Display on Screen and Video Signal
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A common method of generating characters is to create a dot matrix by x dots
(columns) and y dots (rows). Each character consists of dots in predetermined
arrangement. More detailed characters can be constructed by increasing number
of x and y dots. The dot matrix of 5x7 or 7x9 is general. These constructions
make possible to construct many variations using Chinese, Japanese, or arabic
letters instead of the alphabet. Since a space is required between characters
as shown in Fig.4, a block of characters becomes larger than a block usually
occupied by characters. Timing and level of video signal are also shown in
this figure.

Fig.1 shows an example of general CRT controller system configuration. The
CRTC provides refresh memory addresses (RMAO-13), scan line addresses (SLAO-4)
and video timing signals (HSYN, VSYN, DISPE). In addition, the CRTC has such
functions as the cursor register providing CURDISP by comparing with refresh
addresses, light pen register by catching refresh addresses by the light pen
strobe (LPSTB), etc.

All timings of CRTC are derived from CLOCK input. This clock is character rate
at the character display terminal. Display speed or dot clock is supplied to
CLOCK input by the external circuit. This external circuit also produces
timing to control the shift register, latch, and MUX (multiplexer).
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| | {Address Reg. |[Reg. | Register Name {Program|Symbol| Write | Data Bit |
(CSIRS] 4 3210 | No.| | Unit | lor Read| 7 | 6 | 5 | | 31 2 111 0]
| 1] X| XX X X X | - | Nullification | ~ | = | Write | X | X | X | | X | X | X | X |
| 0] 0] XX X X X | AR | Address Register | - |- [ Write | X | X | X |™~ | | | |
. 0] 1] 000O0O | RO | Total Horizontal [Charac-| Nht | Write | | | | | | | |
[ — | i Characters [ter | I 1 L | | | | Lo |
| 0f 1] 00 ® 01 | Rl | Horizontal Display |Charac -| Nhd | Write | | | | i | | |
Lo | | Characters [ ter | | | I | | % | ! i J
"0l 1] 00010 ! R2 | Horizontal Sync |Charac- | Nhsp | Write | | | | | | | i
[ | | Position |ter | i | i i | | | ! ! |
| 0] 1] 000 11 | R3 | Sync Pulse Width |[Raster,| Nvw | Write [Vw3|Vw2|Vwl|VwO|Hw3 |Hw2|Hwl |HwO ]|
[ | | (v, H) |Charac.| Nhw | ! | ! | | ! | ’ j
L 0] 1] 00100 | R4 | Total Vertical Lines | Line | Nvt | Write | X | I ! i | : ! |
| 0 1] 00101 | R5 | Total adjust Raster iRaster | Nadj | Write | X | X | X | | . |
| 0] 1] 00110 : R6 :Vertical Display lLines! Line | Nvd | Write | X | 1 | | | | i |
| 0] 1] 00111 | R7 | Vertical Synrr | Line | Nvsp | Write | X | | | : ' i i
Ll N Posit, - ; ! i S R SN T S NN N N
[ 0] 1| 01000 | R8 | Interlace & Sk- | | | Write | C1] CO| D1] [ X | X iVis]
[ 0] 1] 0100 1 [ R9 | Scan lLine Addr=es | Raster| Nr | Write | X | X | X | | | | !
L. O]l 1] 01010 | R10| Cursor Star: xaster | Raster! Ncsta| Write | X | B | P | | 1 ! | i
| 0] 1] 01 0 11 i1 Ril| Cursor End Rasters | Raster| Ncend| Write | X | X | X | | | | | |
| 0] 1] 011 00 | R12]| Start Address (H) | L - | R/W | X | X| | | L1 1]
[ 0] 1] 01101 | R13| Start Address (L) | i - | _R/W | | | ] | | N j
1 0] 1] 01110 | R14| Cursor Address (H) | - | R/W_ | X | X | | | | |
L. 0] 1] 01111 | R15| Cursor Address (L) | L= | R/W | 1 i i | | .
0] 1] 1 0000 | R16] Light Pen Address (H)]| | - | Read | X | X | | | | | |
L 0] 1] 10001 | R17| Light Pen Address (L) | |- | Read | | ] | | | i 1 ]

* Raster = Horizontal Scan Line

* Caution Write a value of designated value minus 1 (-1) into each of RO, R2, R4 and R7

registers, respectively.

YALSI9AY TVNYILNI

VIVA WOINKOIL e e
LINDAID Q3LVADILNI
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TOSHIBA

Address Register (AR)
This is a 5-bit address register to give addresses of the control
registers. When both RS and /CS are "Low", the address register is
selected. When /CS is "Low" and RS is "High", the control register
pointed by the address register is selected.

Control Registers (RO-R13)

Shown in Fig.5 is a general display area on a CRT monitor which composed
of according to the contents of the timing registers. The registers for
horizontal scan (RO-R3) are programmed with character used as the unit
These timings are shown in Fig.6. The difference between (RO) and (R1)
means the horizontal blanking period. The beam returns to the left end of
the screen within this period. Though this retrace line period is
determined by the specification of horizontal scan for respective
monitors, it is generally positioned at the center of the blank period of
horizontal scan. The registers for vertical scan (R3-R9) are programmed
with using raster or line as units. These timings are shown in Fig.7.

Total Horizontal Characters (RO)
This is an 8-bit register defining the horizontal sync frequency by
specifying the horizontal scan period with the total number of characters
per line. A value of total horizontal number of characters minus 1 (-1)
is written into this register. 1In case of the interlace mode it is
necessary to determine characters so that total horizontal number of
characters is an even number.

—— TUTAL HCRIZONTAL CHARACTERS (NR+1) _
— HOKIZONTAL DISPLAY CHARACTEKS (NHI) q
T I )
o ] 1 + ’Llne
E/:A:.BtC::D !
> ; J
~ = :
N i |
5~
cETL L L
| Ll O,
=25 E T
0w é i H ! i {
§<g | ' {
[ T |
o © g i 1 !
E |
gw - |
S Eg i { \
i | HORIZONTAL |
< A |
3 e RETRACE LINE |
g 5° PERICD
= o= |
>E~<g i
L& L1STLAY FERIOD
< >
[—1{1‘ i
g3
!Lo'
OZ ‘
o L |
- |
VERTICAL RETRACE LINE PERIOD
L 4

NO. OF ADDITIONAL RASTERS FOR ADJUSTMENT

Fig.5 CRT Screen Construction Diagram
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Horizontal Display Characters (R1)
This is a 8-bit register determining number of display characters per
line. A value less than number of total horizontal characters should be
set.

Horizontal Sync Position (R2)
This is a 8 bit register controlling position of horizontal sync signal

(HSYN) . The horizontal sync position defines the horizontal sync delay
period and horizontal scan delay period. When this set wvalue is
increased, the display on the CRT is shifted to the left. When it is
decreased, the display is shifted to the right. Total of set values of

(R1), (R2) and (R3) should be so programmed smaller than a value of (RO).

Sync Pulse Width (R3)
This is a 8 bit register determining pulse width of the horizontal sync
(HSYN) and vertical sync (VSYN). Pulse width of the vertical sync is set
up by high order 4 bits. When "0" is set, 16 rasters are resulted. Low
order 4 bits set up pulse width of the vertical sync in 1 to 14
characters. When "0" is set, no horizontal sync is generated.

Total Vertical Lines (R4)
This is a 7-bit register providing number of lines required for
determining the vertical scanning cycle. A value of total number of
vertical lines minus 1 ( 1) should be written into this register.

Total Adjust Rasters (R5)
In order to adjust vertical scan frequency to just 50Hz or 60Hz, it is
necessary to add mumber of rasters that cannot be specified by the number
of total vertical character lines register (R4). This is a 5-bit register
for determining this number of raster to be added.

Vertical Display Lines (R®6)
This 1is a 7-bit register specifying number of character lines that are
displayed on the screen. A number less than total vertical lines should
be programed.

Vertical Sync Position (R7)
This is a 7 bit register determining the position of vertical sync signal
by number of lines. the number to be programed is one less than the
number to be set. When a number set in this register is increased, the
display position on the screen is shifted upward and when it is decreased,
the position is shifted downward. A number equal to or smaller than total
number of vertical lines should be set up.

Interlace & Skew (R8)
This is a register for select a scan line mode and specifying delay (skew)
of DISPE and CURDISP outputs. Bits 6 and 7 of this register specify DISPE
output delay (skew) while Bits 4 and 5 specify CURDISP output delay (skew)
in 2 characters starting from O. If 3 is programed, that signal is not
output. A scan mode is selected by Bit 0 and Bit 1 (V, S). Scan modes
corresponding to contents of bits are shown in Table 2.
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TOSHIBA INTEGRATED CIRCUIT

TECHNICAL DATA TC8505AP/F
| Bit 1 | Bit O | Scan line mode
v | S F j
| X | 0 ! Non interlace mode
I 0 i 1 ; Interlace Sync mode
| 1 ! 1 [ _Interlace Sync & video mode
Table 2 Interlace Mode Register (R8)
SCAN LINEK
ADDRESS
0 L e
R --0-0-0-0-0--1
; —6—6-—06-6-6 — 1000 O—— ¢ ———————
--e-0-06-9-0--: —-=--- G---m--= 0
2 © i 2 4 ©
—— e e O —mmm O e s
3 o 3 e — . 1S
el > SE T S m O
4 & o o
—————— S Qmmmmmee g R i T T
5 o & s O 2
T "“_G _______ Z STt TS TT T T T ’3
6 e 6 —————————— L
-------- O---=-m=5 e e e
7 o ” -0 6 —
——————— O---=----7 i 4
EVEN FIELL 0D H1EIL EVEL FIELD ODD F1ELD
(2) NOFMAL SYNC (b) INTELLACE SYNC (c) INTERLACE SYNC & VIDEO

(NON—INTERLACE)
Fig.8 Interlace Control

In the normal sync (non-interlace) mode, only one time field is valid as
illustrated in Fig.2 and Fig.8. One frame is refreshed by the vertical
sync signal frequency.

In two interlace modes, the field is divided into the even field and odd
field which appear alternately as shown in Fig.3 and Fig.8.

In the interlace sync mode, the same one is drawn in two fields as
illustrated in Fig.8(b) and it is easy to read sentences

In the interlace sync & video mode, a character is displayed by the
alternate scanning lines of the even and odd fields as il lustrated in
Fig.8(c) and the frequency band given to CRT monitor can be thus doubled.

Scan Line Address (R9)

This is a 5-bit register defining scan line times per character row
including line space, and maximum scan line addresses 1is decided.
{Specified Value)-1 should be programmed for the non interlace mode and
(Specified Value)-2 for the interlace sync & video mode. Further, in case
of the interlace sync & video mode, the sum of scan lines of the even
field and those of the odd field is number of scan lines per line as
illustrated in Fig.8.

Cursor Start Raster (R10), Cursor End Raster (R11)
These registers are for controlling the range of scan lines displaying the
cursor in the character block and the display state of the cursor as shown
in Fig. 9. (R10) specifies the cursor display start raster by low order 4
bits and the cursor display mode by Bit 5 and Bit 6 as shown in Table 3.
(R11) is a 5-bit register specifying the last raster of cursor display.
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TECHNICAL DATA TC8505AP/F
| Bit 6 | Bit 5 | Cursor display mode
LB | P | J
| 0 | 0 | Does not blink
| 0 | 1 | The cursor is not displayed |
| 1 | 0 | Blinks in 16 field time |
| 1 | 1 | Blinks in 32 field time |

Table 3 Cursor Display Mode Register (R10)

SCAN LINE SCAN LINE SCAN LINE
ADDRESS ADDRESS ADDRESS
|
0 0 0
| DADDDDDND
1 1 1 “SOTOOOPOT
[ N ADA /\f\l
2 . 2 2 OO OPOOO
- Vs WorVar War Wz aVWar Wan Voul
3 : 3 3 AV O—
- DDA
4 T 4 4 COPOOTOD
5 ! 1! 5 —i H HODOODO
1 T i 5 vavv\(\ \;\
6 ! Il | 6 6 VanVar Var VarVar Vo
T T EAA A A A A A
v T 7 7 — ' f
OB e WV Y VW2 N . |
8 ~POOOTOOD 8 - O-OODOV0 8 ' t —T
a M-S It I
9 | 9 < \SPAS Aty Ie] ! t
10 I 10 I 10 T i
111 11 ! 11 1
CURSOR START ADDRESS=8 CURSOR START ADDRESS=8 CURSOR START ADDRESS=1
CURSOR END ADDRESS=8 CURSOR END ADDRESS=9 CURSOR END ADDRESS=6

Fig. 9 Cursor Control

Start Address (R12), (R13)

These are total 14 bits registers controlling an address value that is
first output of CRTC after the vertical blank period. Low order addresses
of RMAO to RMA7 are set by 8 bits of (R13) and high order addresses of
RAM8 to RAM13 by 6 bits of (R12). According to the contents of this start
address register, that portion of the refresh RAM, which is displayed on
the CRT screen, is determined and thus, the scrolling for each character,
line or page can be easily realized.

Cursor Address (R14), (R15)
These are total 14 bits registers determining the refresh RAM address of
the cursor display position. These are possible to read from CPU. Low
order addresses of RMAO to RMA7 are set by 8 bits of (R15), and high order
addresses of RMA8 to RMA13 by 6 bits of (R14).

Light Pen Address (R16), (R17)

These are total 14 bits registers catching refresh address that is output
by the CRTC at the rising edge of pulse to LPSTB input, and is used
exclusively for read from CPU. Low order addresses of RMAO to RMAT are
held by 8 bits of (R17) and high order addresses of RMA8 to RMA13 by 6
bits of (R16). Since the light pen pulse is asynchronous with the refresh
address timing, they are synchronized in the CRTC. It is therefore
necessary to correct delay time shown in Fig. 10 and delay time of the
entire light pen detection circuit, that is, delay of refresh address
output, delay involved after light emission by CRT until light detection
and pulse generation by the light-pen, etc. by software.



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8505AP/F

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

| ITEM | SYMBOL | RATING | UNIT |
L_Supply Voltage | _vce 