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{1. GENERAL DESCRIPTION

A JAN is a 3u HMOS combination of the COMBO chip (6507 CPU; 6532 RAM, I1/0, Timer)
and the Stephanie chip (Television Interface Adapter). It consists of an 8 bit
CPU, a 128 X 8 static RAM, two software-controlled bidirectional data ports
with 8 and 5 bit interface between the chip and peripheral devices, and
_television interface capability. JAN is fully compatible with the .6502. .

 “instfruction set. ' : i

L4

- 2, FEATURES.

.0 Cost reduction P O S
o Bidirectional 8 bit data bus

¢ Direct memory access capability

o Built in Schmitt Trigger for enhanced noise immunity for RESET

o Extermal clock input (3.58 MHz)

o 128 X 8 static RAM

o Two bidirectional data ports (8 and 5 bit)
"0 Programmable idférval ‘timer '’

0 Single audio output .

‘o Internally combined 1uminance/sync lines for single composite video output
o Calor delay output ‘

3. BLOCK DIAGRAM 4, PIN ASSIGNMENT

N R ARSI T L L TELE LIPEL RS ; B AL I R P R Y N B L I A L RFLIE - ETELE SRS R PRI X Y
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"H‘ - |—Composite Video A8 Thse api] 14
H i A9 QOzo 2907 I5
31 r1g O - 28 AUDIO
A " .-,1‘; 22 27J osc
Al12 23 26{0 Composite Video
vgg [24 250 Chroma
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'Tﬁfs. PIN DESCRIPTION

Pin Name

Type

Pin #

Function

vDD

g

\\ S5
. ¥ RES

D7-D0O

A12-A0

T 10-13

T4-15

0sC

Composite
Video

“a Chroma

I

. I.”

I/0

"1/0

" I/0

48

0y

10-3
23—11
35,36,

37,38,

"34-31

- 30-29

27

26

25

+5 volt supply.A

Ground

- Reset. When low, writing to or from JAN is

inhibited. All 4 XI/0 registers will be

.~ zeroed.  .The -I/0 buses will act as inputs

to protect external components from
erroneous data or damage during system
configuration.

Bidirectional, three-state data bus capable

of driving one_standard. TTL load.and 130 pE.

D7 is the most significant bit.

TTL-compatible outputs capable of driving

‘one standard TTL load and 130 pF. Al2 is

"the most significant bit. “The address bus

e RGIaT

can be used as an input during the testing -
mode.

Péripheral Data Ports.  ‘There are 2

-peripheral I/0 ports: Port A.(8 lines) and.

Port B (5 lines). Each line is programmable
as an input or an output. Writing a '0' to
any bit position in the Data Direction

- reglsters (DDRA or DDRB)-will ‘program the = "

corresponding line as an input. Writing a
'1' to any bit position in the DDRA or DDRB
will program the corresponding line as an

Loutput.. oL i e

and open drain outputs capable of driving
2 standard TTL loads and 10 pF.

.Latched input ports with Schmitt trigger

inputs and open source depletiohn ‘pullup
capable of driving 2 standard TTL loads and
10 pF.

3.58 MHz input clock with 50% duty cycle.

Composite Video. Made up of the luminance
blanking, and sync lines.

Color Clock. The color is determined by the
delay time from the rising edge of the color
clock.

" ‘Dumped I/0 ports with Schmitf trigger inputs
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._pin Description (cont.)

Pin Name - Type

Pin#

Function

v

Audio 8]

B T S s To IR o

28

Audio Output. The open drain audio channe
has an internal frequency, noise and
volume control.

o
n/
- B -~ - .
. ] - . A N LY .. - - 2% ~ - - . .
B " . . R
»
~
.
s LR LI TR L A I T B P Y Y T T
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6. FUNCTIONAL DESCRIPTION
6.1  CPU

The JAN CPU is a 6507 microprocessor with 8K addressable bytes of memory.

The processor is clocked by a 1.19 MHz signal which is generated through a
~ divide by 3 circuit whose input is the 3.58 MHz signal coming in through the
" -0SC pin. '

" 6.1.1 Reser Sequence - ..

' The power on reset sequence will begin when a positive edge is, detected e
RES must be held Iow for at least 2 clock cycles after Vec reaches 4.75 volts
during a power up sequence. After a system initialization time of 6 clock
cycles, the mask interrupt flag will be set, and the processor will load the
program counter from the memory vector locations FFFC and FFFD., This is the
start location for program control.

. 6.1.3 '-'Mdressi’ng Modes. T T T L o T

- «Acéumulator Addresging.- This form of addressing- is represented with a one
byte instruction, . implying an operation on the accumulator. co

- Imnediate Addressing -~ The operand is contained in the second _byte of the
instruction with no further memory addressing required.

»

#§ low order bits of the effective address while the third byte specifies the
eight high order bits. The absolute addressing -mode allows access to 65K
bytes of addressable memory.

..£ero Page Addressing - Allows. for shorter. code, K and execution. times by .only .
fetching the second byte of the imstruction and assuming a zero high address
byte.

Indexed Zero Page Addressing -~ (X Y indexing) - Used in conjunction with the
‘ifidex ‘register and referred to”as "Zero'Page, X" “or "Zero Page, Y"., The"
-effective address is calculated by adding the second byte to the contents of
the index register. Since this 1s a form of "Zero Page" addressing, the
content of the second byte references a location in page zero. Additionally
‘due to the "Zero Page" addressing nature of this mode, no carry is added to
the high order 8 bits of memory and crossing of page boundaries does not
.occur: - - Lo . < s . , . : .

‘Indexed Absolute Addressing ~ (X Y indexing) ~ Used in conjunction with X and
j¥ index register and referred to as "Absolute, X" and “Absolute, Y". The
effective address is formed by adding the contents of X or Y to the address
contained in the second and third bytes of the instruction. This mode allows
the index register to contain the index or count value and the instruction to
contain the base address. This type of indexing allows any location
referencing and the index to modify multiple fields resulting in reduced
““'"coding and execution~time, - -

Implied Addressing - The address containing the operand is 1np11c1tl\ stated
in the operation code of the instruction,

—

y-Absolute-‘Addressing = The second ‘byte of the'vInstruction- specifies~the eight "

"JITLE

; . JAN .
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Cont. CPU

“ﬂ:: ‘

%7 Relative Addressing - Used.only with branch instructions and establishes a
destination for the conditional branch. The second byte of the instruction
becomes the operand which i1s an offset added to the contents of the lower
eight bits of the program counter when the counter is set at the next

. instruction., = The. range of the offset 1s ~128 to +127 bytes from the next
instruction. . ' y

' Indexed Indirect Addressing - (referred to as (Indirect, X)) — The second
byte of the instruction is added to-the contents of the X index register,
- discarding the -carry: ' The result of -this" addition points to a meméry -
location on page zero whose contents is the low order eight bits of the
effective address. The next.memory location in page zero contains the high
order eight bits of the effective address. Both memory locations specifying
the high and low order bytes of the effective address must be in page zero,

Indirect Indexed Addressing -. (referred. tp .as.(Indirect),. Y)).~.The second.
byte of the instruction points to a memory location in page zero. The
contents of this memory location 1is added to the contents -of .the Y index

‘register, the result being the low order eight bits of the effective address:'-cln )

The carry from this addition is added to the contents of the next page zero
memory location, the result being the high order eight bits of ‘the effective
- address. . '

) ’ Absolute Indirect - The second byte of the. Instruction contains_the, low order ...

jé ‘eight bits of a memory location. The high order eight bits of that mWemory
%'loecation is contained in the .third byte.of .the imstruction. - The contents of
the fully specified memory location is the low order byte of the effective
address. The next memory location contains the high order byte of the
effective address which is loaded into the sixteen bits of the program

‘counter, T

=

L T
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‘5.2 PIA SECTION

The PIA-is a 6532 with 128 b
bit parallel I/0 port.

6.2.1 PIA Addressing

Hex
Address

80

280. -,

281
282
283
284
294
285

o
197 .

V¢

Function A9

128 byte RAM
ORA . e

0
1
DDRA 1l
ORB 1
DDRB 1
Read Timer 1
Timer, + 1 1
Timer, +-8. . 1

1l

1

Timer > -+ 64

Timer, -« 1024

. = Address

| TABLE 1.

A R A~ A W

..2'3'RAM .

he 128 X 8 static RAM is inter
€51), A9 (RS), and Al2 _
hrough FF, ' The processor ‘stack

Ar——

ocated from 80 up.

+2.3 "Interval Timer .

le Interval Timef’contains a
fogrammable 8 bit register as
rogrammed to count u

C,

ite to a maximum of -255T.

iterval settings.

'r eXample,

§ complement),

ytes of RAM, a programmable timer, and an 8 and 5

&
|12

1
HHOOI HRKHOGOM
HOoOMOCOKMOMGNM

Tl

'hahahapab4c>c>c>csw
% % %

= = Don't Eare * = Valid fof'WR/RD

PIA Addressing Decode

nally addressed by AQO-A6 (Byte Select), A7
The RAM is located in hex add

(Cs2). _ J _ :
1s 'locitéd from FF déwn,

ress range 80 U
‘and""variables are - T

preliminary divide down register and a
shovmn in Figure 2.
P to 256 time intervals,
8T, 64T or 1024T increments where T 1s the
111 count is reached, the intfrna

The timer can be

Each interval éan be either
system clock period.
inyes counting down at a 1T
user to read the counter and
for addresses

. 1 c¢lock  cont
This allows the

len determine the total elapsed time. See Table 1

if the value 100 was written to hex address 296
‘Crement to 0 in 6400 clocks (64 clocks per interval X 100
' @lso 6400 processor machine cycles.
'€ zero count for one count time.
Lrements once each clock cycle.-
ter interrupt, the time since in

» the timer would
intervals) which

When the timer reaches 0, it holds

Then the counter flips to FF hex and .
- If a-valye of E4 is redd from the timer
terrupt will be 28T (the value read is the

—— e —h



ont. PIA Sectiom

‘he following calculations are used to comp
mmd the total elapsed time:

'otal time to interrupf = (Time Interval X Count) + 1

ute the total time to interrupt

btal-élépse& éiﬁe - (Tiﬁe Interval X Count) + Value.Read After Interrupt

W
L. . H * PH1L -
mit [
miz - .- .
. " R
) ) ’ . 1] )
[
r-—i
Kon®
o [ L L
.. R Lor - v o - . v e - .
o ] _
KOYE4 |
LL S
|
HCDIBES
‘ . UT24
a [ :::,.
S e N s
RDGA .
- ADa :
S B TT] i
Figure 2. Interval Timer Circuit
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. .Data.is read directly from the PA-1i

[

Fo

There are four internal registers: 2 Data Direction registers and 2 Qutput °

registers. The A and B Data Direction registers (8 and 5 bits, respectively)

(:6.2.4, Internal Peripheral Registers

control the direction of the data into and out of the peripheral I/Q.

logic "0" in a bit of the Data Direction register (DDRA or DDRB) causes the
corresponding line of the 1/0 port to act as an imput.

the corresponding line to act as an output.

programmed as an out
register -(ORA or ORB).

Vg

-

A

A logic "1" causes
The voltage on any line
put is determined by the corresponding bit in the Output

nes during a peripheral ‘read operatiom."

For a PA pin programmed as an output, the data transferred into the processor

will be the same as the data in the ORA only if the voltage on the line is
allowved to be D 2.4 volts for a logic "1" and < 0.4 volts for a logic "0".
. If the loading on the line does not allow this, then the data resulting from

the read operation may not match the contents of ORA. ’

The PB Bﬁffepé aié'bﬁsh-puil'deficés'éﬁiéh.afércapaﬁlé of.soﬁrcin§‘3 mA at

1.5 volts allowing these lines to directly. drive transistor circuits.
assure that the processor will read the proper data when performing a

peripheral read operation, logic is provided in the peripheral B port to

To

permit the processor to read the contents of ORB, instead of the PB. lines.

6.2.5 Peripheral I/0 Ports

either input or output.

the status of the VCS comsole switches.

~~8,2.5.,1.- Port A+ - -t

- Two joysticks can be read by configuring the entire'port as in
}the‘dqt; at address 280 hex according to the fol}pwipg_gab%g:

All 8 bits of Port A can be configured as an input or an output port thrbugh

A T - AP

b L Ee A e gt Y,

e ad e

software control. It can be used to read or control various hand-held

controllers with the data bits defined differently depending on the type of
controller used. |

6.2.5.1.1 Joystick Controllers

Device Noeme

Data Bit Direction Player .
D7 right °
Db left PO
D5 down (1eft player)
D4 up .
D3 . right -
D2 left . Pl
Dl down right player)
DO up
ATAR] COMPAN o

1t et ter

Totoitenl Munber

. JAN

ol

put and reading

“Port’ A"£3s'8 bits'wide, 'and Port B is 5 bits wide, Both ports can be set for .
In the 2100.and. 2600 game systems, Port A is used to -
interface to various hand-held controllers.  Port B is dedicated to reading

ERESL Py



-

"6.2.5.2 Port B

Port B is hardwired to be only an input port. The status of all the console
switches is read from address 282 hex according to the following table:

Data Bit - Switch Bit Meaning
D7 Pl difficulty 0 = amateur (B),1 = pro (A)
TUD6. T T - PO diffiduley 2 0 Tw o
+ D3 - "t "color ="B/W " 0 = B/W,1 = ¢olor” - -
Dl game select - 0 = switch pressed
DO game select 0 = switch pressed
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ﬁﬂ:<.3 TELEVISION INTERFACE
6.3.1 SYNCHRONIZATION

6.3.1.1 Horizontal Timing

When the electron beam scans across the TV screen and reaches the right edge,
it must be turned off and moved back to the left edge of the screen to begin
the next scan line., This is taken care of by a hardware counter which
produces all horizontal timing (sync, blank, burst, etc.) independent of the
-processor. The counter is driven from” am external 3.58 MHz oscillator., It
allows 160 color clocks (clock pulses) for -the beam to reach the right edge,
then generates a horizontal sync signal (HSYNC) to return the beam to the
left edge. It also generates the signal to turn the beam off (horizontal
blanking) during its return time of 68 color clocks (blank time). The total
count across is 228 color clocks. Sync and color burst are decoded as 16
counts. See Figure 3 for TV frame set up.

6.3.1.2  Vertical Timing

When the electron beam has scanned 262 lines vertically, the TV set must be
signalled to blank the beam and position it at the top of the screen to start
a new frame. This sigral is called vertical syne. Vertical sync must be
transmitted for at least 3 scan lines. Writing a "1" to D1 of the VSYNC
register turns on the vertical sync. Then at least 3 scan lines are counted.
JWriting a "0" to D1 of VSYNC turns the vertical sync off.

oA
. f"u.-a'u

The processor is free to execute other scftware during the vertical blank and
sync command times.

6.3. l 3 Microprocessor Synchronization

- i e o e LR -

The microprocessor s clock is the 3. 58 MHz oscillator divided by 3 or 1.19
MHz. One machine cycle is equivalent to 3 color clocks. One complete scan
line of 228 color clocks results in 76 machine cycles per scan line. Since
" the software program loops -and branches require different lengths of time to
run, additional synchronization is needed between the software and the
hardware. The synchronization problem is solved by the one bit latch called
WSYNC (wait for sync). Writing to WSYNC causes the processor to halt until
the electron beam reaches the right edge of the screen. Then, the processor .
resumes operation at the beginning of the 68 coler clocks for horizontal
...blanking. When the WSYNC latch is set ‘high, it drives the ready line (RDY),
‘.which is internally commected to the processor, low. A low on the RDY line
causes the processor to halt and wait. WSYNC is automatically reset to zero
by the leading edge of the next horizontal blank timing signal which then
releases the RDY line and allow$ the processor to begin its computation and
register writing for this horizontal line or line pair. See Figure 3 for
timing. -

L}

vy

6.3.1.4 Composite Sync

:m§Horlzonta1 and vertical, sync are combined together to produce the comp051te
sync., This composite sync signal and the luminance lines are fed through a
DAC. The output of the DAC drives the external Composite Video output pad.
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4 "0" in a data bit indicates the joystick has been moved to close that

ﬂrawitch. All "1"'s in a player's nibble indicates that joystick is not

moving. The trigger button. are read at INPT4 and INPTS.
6.2.5.1,2 Paddle Controllers

The 4 paddle trigger buttons can be read at address .280 hex according to the
following table:

" ‘Data Bit " Paddle Number
- . . ) . ’/
- . . : D7 . . PO.
D6 Pl
D3 P2
D2 B3

A "0" in a data bit indicates the paddle trigger button has been pressed
ﬁThe paddles themselves are read at INPTO through INPT3.. N :

6.2.5.1.3 Keyboard Controllers

The keyboard controller has’ 12 buttons arranged into 4 rows and 3 columns. ' A
signal is sent to a row, then the columns are checked to see if a button is
pushed, then the next row is signaled and all columms sensed, etc. until the
entire keyboard is scanned and sensed. The PIA sends the signals to the

. s .rows, and the columns are sensed by reading INPTO, INPTI, and INPTé. . With

. Port A configured as an output- port, the data bits will send a signal to the

”<-keyboard controllex rows accordlng to-the following table:

Data Bit Keyboard Row Player
-D7 - 'bdttoh AL LT -“ . R
D6 third PO
D5 second (left player)
D4 top
D3 bottom
D2 third Pl
Dl second (right player) .
DO top

. A A delay of 400 microseconds is necessary between writing to the keyboard
'-controller and reading the INPT ports.
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r .
. 9.3.2 PLAYFIELD

Objects which are not required to move are written into a 20 bit register
called the Playfield Register. This low resolution register when written to
draws the left half of the TV screen only. The right half of the screen is
drawn by software selection of either a duplication or a reflection (mirror
image) of the right half, The 20 bits are written into 3 addresses: PFO,
PFl, and PF2, PFO0 constructs the first 4 bits of the playfield, starting at
the left edge of the TV screen. PFl constructs the next 8 bits and PF2 the
last & bits which end at the center of”the screen. The PF register is
-scanned from left to-right. The PF color is drawn wherever a "1" is' found
and the BK (background) color is drawn wherever a "0" is found. Zeroes must
be written to all 20 bits of the playfield register to clear the playfield.

‘The playfield may be loaded at any time. It is a fixed graphics register,
always starting its serial output when triggered by the beginning of each
television line, Even though the playfield bytes (PF0,.PFl, and PF2) may -
be written at any time, if ome of them is changed while being serially
scanned, ‘part of the new value may show up on the television horizontal line.
See Figure 4 for playfield circuit.

6.3.2.1 Normal Serial Output

The "Playfield Register is automatically scanned and converted to serial
- output by a bi-directional shift register clocked at a rate which spreads the
twenty bits out over the left half of a horizontal 1line. This scanning is
initiated by the end of horizontal blank (left edge of TV screen). If a zero
has been written to bit 0 of the Playfield Control Register (CTRLPF), the
“same scan-will be repeated, duplitating the'same twefity bit sequence oVéer the
right half of the horizontal line. GSee Section 7.3 for CTRLPF bit assign-
ments.

6.3.2.2 "Reflected Serial Output

A reflected playfield may be requested by writing a one into bit zero of the

- CTRLPF register. When bit zero is true the scanning shift register will scan
the opposite direction during the right half of the horizontal 1ine, revers~
-ing the twenty bit sequence. - : :
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3( %.3.3  MOVEABLE OBJECTS GRAPHICS ' . )

fin

All 5 moveable objects (PO, MO, P1, M1, and BL) can be assigned a horizontal
location on the screen and moved left or right relative to that location.
The vertical location is determined on whichever scan lines the objects
graphics registers are enabled. The graphics registers are scanned when
triggered by a start decode from their horizontal .position counter and then
converted to serial output. See Figure 6 for a typical graphics register.

6.3.3.1 Missile Graphics -
.

The missile graphics registers consist of a one bit register.called Missile
Enable (ENAMO, ENAM1). Writing a-"1" to the Missile Enable register will

drav a missile on the scan line. Writing a "0" will disable the missile

graphics. Each missile's left edge is positioned by a horizontal position
register. The right edge is determined by the width of the. missile. The

missile width is assigned by writing into bits D4 and D5 of the Number-Size
registers (NUSIZO, NUSIZ1). This in effect extends the missile out over ],
2, 4 or 8 color clock counts (one full scan line is 160 color clocks).

6.3.3.2 Ball Graphics

The ball graphics register (ENABL) consists of a single enable bit whose
output is triggered by the ball position counter. It has two control bits
(D4 and D5 of CTRLPF) that can extend the single graphics bit out over widths
of I, 2, 4 or 8 clocks of horizontal line time, The ball can also be
vertically delayed one scan line by writing a "1" to DO of the BL Vertical
Delay register (VDELBL). The vertical delay capability was made available
because most programs update the television interface adapter every 2 lines
which confined all vertical movements of objects to 2 scan line jumps. The
vertical delay allows the ball to move one scan line at a time.

6.3.3.3 Player Graphics

There are actually two 8 bit parallel registers per player: GRPO, GRP( delay
and GRPl, GRP1 delay. The normal and delayed data are selectable by the
Player Vertical Delay Control circuit (see Figure 5). The players are
serially generated from the 8 bit graphics registers and are normally scanned
from D7 to DO. The player color is drawn when the bit equals "1". -If the

~bit equals "0", the background color is drawn. The scan direction of the

- serlal player graphics registers is determined by D3 of the player reflection

-y

register (REFPO, REFP1).  Writing a 1" to D3.reflects the graphics.data with
DO at the left side of the player image. Writing a "0™ to D3 restores the
original image with D7 on the left side. '

One can select from 1 to 3 copies of the player, spacing between those
copies, and the size of the player by writing to bits D2 through DO of the
Number-~Size registers (NUSIZO, NUSIZ1l). The players widths can be 8, 16, or
32 color clocks wide (this is accomplished by slowing the scan rate by
controlllng the clock that goes into the scan counter)
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:j(f ont. Moveable Objects Graphics
N 6.3.3.3.1 Vertical Delay -

The amount of processor time required to generate player, missile and
playfield graphics and load registers is normally too large to be done in ome
horizontal line time. To solve the time problem, each player's graphics
reglister is.written to every two scan lines. The data is then serially

* output twice between writes. Vertical height resolution is limited to
multiples of two lines. Vertical motion, however, can be resolved to a
single scan line by writing alternately to GRPO and GRP1 during the blank
time just prior to each scan line. The GRPO and GRPl addresses from the
processor alternate, so they are delayed by one line from each other. The
GRP0 address decode can load the delayed graphics register for Player 1, and
the GRPl address decode can load the delayed graphics register for Player 0.
Bit 0 of the Vertical Delay registers (VDELO, VDELl) selects which of the two
registers (normal or delayed) will be used for serial output. If the
vertical delay bit is set between picture frames, the player will be moved
down  (delayed) che line during the next frame.

> By
Pl

Player Graphics
Serial Outputs

VDELPH : VDELPL
) o— —_—
1 1 1)
: . ) R o ‘
ggggster '“—“;ggzgg;E:ray : GRP} — ! GRP1 Delay
8 , Register g ~ __Register !
F ¥
A
s || erRPEl GRP1 . 8 GRPJ
8 Bit Data Bus
‘Address Bus
Vertical Delay

Figure 5.
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,.3.4 - HORIZONTAL POSITION COUNTERS

The serial outputs of the five moveable objects are triggered by 5 separate
horizontal position counters every time the counters pass through zero count.
These postion counters are clocked continuously during the unblanked portion
of every horizontal line and their count length i1s exactly equal to the
normal number of clocks supplied to them during this time. They will pass
through zero at the same time during each horizontal television line, and the
triggered .outputs will have no horizontal motion. See Figure 6 for a typical
horizontal counter. Some position cougters have extra decodes in addition to
a zero decode, to trigger multiple copies of the same object across a
horizontal line.

All position counters can be reset to zero count by the processor at any time
by a write instruction to the reset strobe addresses (RESBL, RESMO, RESM1,
RESPO, RESPl). See Section 7.9. If reset occurs during horizontal blank,
the object will appear at the left side of the television screen. Properly
timed resets may position an object at any horizontal location consistent
with the processor cycle time. For example, if the electron beam was 60
color clocks into a scan line when RESPQ was written to, player 0 would be
positioned 60 color clocks "in' on the nmext scan line.

It can take up to 5 machine cycles to write to a register. Since there are 3
color clocks per machine cycle, the programmer is confined to positioning the
objects at 15 color clock intervals across the screen,

6.3.4.1 .Ball Position Counter

The ball position counter has only the zero crossing decode and therefore
cannot trigger multiple copies of the ball graphies.

"6.3.4.2 Player Position Counters

" Each player position counter has three decodes in addition to the zero

. 6.3t4,3. Miééile Position Counters.

crossing decode. These decodes are controlled by bits 0, 1, and 2 of the
Number Size Control registers (NUSIZO, NUSIZ1). They trigger 1, 2, or 3
copies of the players with different spacings across a horizontal line as
shown in Section 7.4.2, These same control bits are used for the decodes on -
the missile position counter to insure an equal number of players and
missiles.‘ :

-

Missile position counters are identical to the player position counters
except that they have another type of reset in addition to the previously
fdiscussed horizontal reset. Writing a "1" to D1 of the Reset
Missile-to-Player register (RESMPQ, RESMPl) disables that missile's graphics
and repositions .it horizontally to the center of its associlated player.
Until a "Q" is written to the register, the missile's horizontal position is
locked to the center of its player in preparation to be fired again,
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~)(: 6.3.5 HORIZONTAL MOTION ‘

Five write only registers (HMPQ, HMP1l, EMMO, HMM1, HMBL) contain the horizon-

tal motion values for each of the five moving objects. The motion values are

written into Bits 4 through 7 of the Horizontal Motion Registers., These

registers supply extra or fewer clocks to the horizontal position counters.

This motion is not executed until the HMOVE reglster is written to, at which
- time all motion registers move theilr respective objects. Objects can then be
- be moved repeatedly by simply executing HMOVE. \

The 4 bit long registers can be loaded with positive (left motion), negative
(right motion), or zero (no motion) values. ' Negative values are represented
in twos complement form. .These registers are cleared to zero (mo motion)
simultaneously by an HMCLR command from the processor. They can also be a
cleared individually by loading zeroes into each register. See Section 7.6
for horizontal motion values, . :

The HMOVE command must immediately follow a WSYNC (wait for SYNC) to insure
the HMOVE operation occurs during horizontal blanking. This insures that the
HMOVE operation begins at the leading edge of horizontal blank and has the
full blank time to supply extra or fewer clocks to the horizontal position
counters. The 5 Horizontal Motion Registers should net be modified for at
least 24 computer cycles after the HMOVE command.

5 Horizontal Add ClOCks. , . 3.58 MH%
= Mot ion . Horizontal f—
otion Sub'"Cloééks,|- Position ! x(] Horiz. Blank
Register —5 ‘ ‘ ;;;; y
! Couriter : RESET
Pulsen . "i; 8 .
4’ CCireuit e
4 ,c t Count

T > —— . - Decode

ﬁ Graphics

Register | Start
| ) ; Reflect
_ E Parallell— — Slow Scan .
: — . Serial : : . o
) Scan o
ner i Object Graphlcs Serlal Output
o 2 (Pﬁ, M@, P1, M1, BL) ‘
Data 18] 5 o
Bus == 24 =
ol = O, -z
Address Bus -

Figure 6 . Horizontal Motion Circuit
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-6.3.6 OBJECT PRIORITIES

Simultaneous serial outputs from the graphics registers represent overlap on
the television screen. In order to have color-luminosity values assigned to
individual objects, it is necessary to establish priorities between objects
vhen overlapped. The priority encoder (see Figure 10) produces 4 register

select lines. These 4 lines select either background, player 0, player 1 or
playfield. Only one of them can be true at a time.

6.3.6.1 Priority Assignment P

-

Each object is assigned a priority so when any two objects overlap, the one
with the highest priority will appear to move in front of the other.  To
simplify hardware logic, each missile is given the same color-lum value and
priority as its corresponding player, and the ball ig given the same
color-lum value and priority as the playfield. The background has the lowest
priority, The default priority assignments are as follows:

PRIORITY OBJECTS
1 (highest) PO, MO
2 P1, M1l
3 _ Bl, PF
4 (lowest) =~ BK

Objects with higher priority will appear to move in front of objects with
lower priority? Players and missiles will move in front of the playfield.

6.3.6.2 Priority Control

There are two bits in the Playfield Control register (CTRLPF) that affect
priority. Bit 2 of CTRLPF affects playfield priority (PFP) and bit 1 of
CTRLPF affects score control,

6.3.6.2.1 When a "1" is written into the PFP bit, the priorities will be as

follows:
PRIORITY OBJECTS :
1 (highest)  PF, BL :
2 . PO, MO :
3, Pl, M1 - .
4 (lowest) BK

?layers and missiléq will now move behind the playfield,

3.3.6.2.2 When a "1" is written into the score control bit, the score on the
Left half of the playfield gets the color of Player 0, and the score on the
cight half of the playfield gets the color of Player 1.  When a "@" is
iritten into the score control bit, the scores default to the color of the
layfield, : SRR L Em R
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3.7 COLLISION DETECTION

e serial outputs from all the graphics registers represent real time
rizontal locations of objects on the television screen. If any of these
tputs occur at the same time, they will overlap (collide) on the screen,
llisions can occur between any of the 6 objects (playfield and 5 moveable
jects). There are 15 possible two-object collisions which are stored im 15
e bit latches. See Section for collision combinations. Each collision
gister contains two of these latches which are read by ‘the processor on D6
d D7 of the data bus. A "1" on the data line indicates a collision has
curred. The collision registers are usualdy read during vertical blank
ter all possible collisions have occurred. Figure 7 below shows the
llision detection ecircuit. . :

e collision registers are reset simultaneously by writing to the Collision
set register (CXCLR), The reset is usually done near the end of vertical
ank, after all collisions have been tested.

P

]

R
S . \L
" . L v b "

15 Collision ILatches ‘

i~

Py YUY UUL %

15 | Reset Address Decode

Figure 7. Collision Detection
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6.3.8 INPUT PORTS

ftK:;here'are 6 input ports whose logic state may be read on data 1line 7 with
' read addresses INPTO through INPT5. These 6 ports are divided into two
types: dumped and latched. See Figure 8 for port circuitry.

6.3.8.1 Dumped Ports (I0-I3) .

These 4 I/0 ports are used in the 2100 and 2600 game systems to read 4 paddle
positions from an external potentiometer-capacitor circuit controlled by the
knob on the controller. The output of the pot is used to charge a capacitor
-in the comscle. When the capacitor is charged, the I/0 port bit goes high.
The processor discharges the capacitor by writing a logic one to D7 of VBLANK
which grounds the input ports. When bit 7 of VBLANK is cleared, the
potentiometers begin to recharge the capacitors. The microprocessor measures
the amount of time it takes to detect a logic one at each port.

6.3.8.2 Latched Ports (I4-15)

These two input ports are comnnected to the trigger buttons of the joystick
controllers in the 2100 and 2600 game systems. They have latches that are
both enabled or disabled by writing to D6 of VBLANK. Writing a 'l' to D6 of
VBLANK enables the latches and writing a '0' to D6 of VBLANK disables the
latches, When the latches are disabled, the microprocessor reads the logic
level of the port directly. When the latches are enabled, the processor
> reads the latches. When first enabled, the latch is set at a logic one. The
latch remains at a logic one until its port goes low. When the port goes
fﬁg low, the latch is cleared and remains low regardless of what the port does.
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6.3.9 AUDIO
K frere

);k ATARY COLPANY A Il

There are two semi-independent audio channels which can be operated simulta-
neously to produce sound effects through the TV speaker. Each channel has
its own frequency, noise and volume control, an 8 bit "divide by N" frequency
divider, and an 8 bit control register (See Figure.9). :

6.3.9.1 ‘Frequéncy Select

Clock pulses at approximately 30 KMz from the horizontal sync counter pass
through a "divide by N" circuit which.4s controlled by the output code from a°
five bit frequency register (AUDFQ, AUDFl). When the processor writes to the
frequency register, it causes the 30 KHz clocks to be divided by a selectable
integer from 1 to 32 (see Section 7.7.2 for frequency values). Pulses are
produced that are digitally adjustable from approximately 30 KHz to 1 EHz and
are used to clock the noise~tone generator. .

6.3.9.2 Noige-Tone Generator

The noise-tone generator is controlled by writing to the 4 bit audio control

registers (AUDCO, AUDC1). The values written cause different sounds to be

generated from pure tones to poly counter noise. There are three polynomial
counters (9, 5, and 4 bit) used to generate random noise. Since the poly
counters are sampled by the "divide by N" frequency divider, the output
caanot change faster than the sampling rate. See Section 7.7.1 for audio
coatroel values.

6.3.9.3 Volume Select

The shift counter output is used to drive the audio output pad through four
driver transistors that are graduated in size. Each transistor is twice as
lazge as the previous one and is enabled by one bit from the audio volume
register (AUDVO, AUDV1). As binary codes 0 through 15 are loaded by the
processor, the pad drive transistors are enabled in a binary sequence. The
shift counter output can pull down on the audio ocutput pad with 16 selectable
impedance levels. The volume selection is controlled by bits 0 through 3 of
the Audio Volume Registers. The audio output of either channel can be
completely turned off by writing zero to the volume control bits. All ones
give maximum volume. 8See Section 7.7.3 for volume control values. )
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6.3.10 COLOR AND LUMINOSITY

fgp,olor and luminosity can be assigned to the Background, Playfleld Ball,
Player 0, Player 1, Missile 0, and Missile 1. There are four color-lum
registers of 7 bits each. The 4 most significant bits of the Color-Lum
register will select one of 16 available colors. The remaining 3 bits select
one of 8 levels of luminosity (brightness). See Section 7.8 for available
colors and lums and Figure 10 for Color-Lum circuitry. The color-~lum
registers are set up as follows: )

. COLOR~LUM REGISTER OBJECTS COLORED
' e
COLUMPO PO, MO
COLUMP1 - Pl, M1
COLUMPF , PF, BL
COLUMEK BK

So, if the COLUMPl register was set for green, both Pl and M1l would be drawn
green,

.The serial graphics outputs from all 6 objects are examined by the priority
encoder which activates one of four select lines into a 4 X 7 multiplexer.
This multiplexer then selects one of four color-lum registers as a 7 line
output, The-3 binary coded luminosity lines and the internal sync line are
fed into a D/A converter. The analog output goes directly to the -composite

» video output pad. The 4 color lines go to the color phase shifter. The
output of the color phase shifter goes to the chroma output pad.

: "ff’g'
- ;—'ﬁ_

The color’ phase shifter produces a reference color output (color burst)
during horizontal blank. Then during the unblanked portion of the line it
produces a color output shifted in phase with respect to the color burst,
The amount of phase shift determines the color and is selected by the four
color code lines from the color-lum multiplexer. Code 0 selects no color.
Code 1 selects light orange (same phase as color burst). Codes 2 through 15
shift the phase from zero through almost 360 degrees allowing selection of 15
colors, Each phase shift 1is approximately 20 ns from the reference color
output, Two phase shifts would have a delay of approximately 40 ns.
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)( 5 3 {» . shift Counter
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y N Counter .
Audio Control Peedbafk T L
Contro *
4 41]“
hs
Audio Volume -
. V. .
; - . Aundiof Output
: . VOLUME '-_——1[ Pad -
4 . Z A
A — >
Data Bus’ "
AUDF _|aupc T AUDV
—Addresg Bus
‘Figure 9 . Audio Circuit
PFP
SCORE
BLANK PRIORITY :
PY —® CuCODER .
MG
Pl —*
Ml ——p
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BL —W™ sSYNC-
Register Compozite
Color-Lum Registers Select Fiideo
. YYvYY "
PAD E]‘
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- | g . CODE
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%ﬂfj- Vertical Timing

e T E REGISTER ORGANIZATION

Registers:

7 6 5 4 3 2 @
T T E i . I I gtart/ [ :
X X X X X X . top X VSYNC
| VSYNC .
] Y 1 1 1 ]
Tg-I3  I4-I5 X X X X Start/ X |- VBLANK
. o}
borts Latches VBLANK

7.1.1 Bit 1 of the VSYNC register qpntrols the start and stop of the
vertical sync time.

Bit 1

'1' start vertical sync
'g' stop vertical sync

7.1.2 The VBLANK register contains the contrbls for the wvertical blank and

~the latches and

Bit 1
Bit 6

- ) Bit 7

dumping transistors on input ports I1g - IS.

'1' Start vertical blank
'g' Stop vertical blank

[

'l' Enable I4, 15 latches
'd Disable I4, IS5 latches

nn

'l' Dump If-I3 ports to ground
'g' Remove path to ground

. . Device Name
Jlk\ ATARl COMPANY . _____aan
arconduiion Gwa . ocumen umbers age ° .
J 4 warig tomm ~clsa-|Ca"'4-y CONFIDENTIAL 021711 Pag 10 f £




'“ﬂf-z Playfield Graphics hegister:

E, 6 5 4 3 2 1 g

Data X X I X X | PFrg
Data . PFl
Data PF2

The 20 bit serial output playfleld reglster consists of 3

registers: PF@ (4 MSB),. PFl1 (8 bits), and PF2 (8 bits) and

loocks as follows on the television display:

160 clocks = 1 horizontal line

I , . .
|4 7 gl g 7| 4 7 gl g 7] No reflection

LN ]

PFg PF1 PF2 .PFﬂ PF1l PF2

R LR I B BB N )

4 N 7 914 77 2| g 71 7 4] Reflection

PF@ PFl1  PF2 PF2 PFl PRy

CENTER
One bit = 4 clocks

- Device Name B
Jl ATARI company L~ "'
am,conducior o P gecumen umbe
e S | CONFIDENTIAL 6021711 | page 31 o1 S0




7.3 Playfield Control Register (CTRLPF)
::ﬂj 7 6 5 4 3 2 1 g

T ] | K R T I ‘r
X X Ball Slzelx PFP Score Ref

The CTRLPF register controls the reflectlon, score, and priority of
the playfield and the ball size. .

Ball Size: Bits 5 4 Width
0 0 1 clock
0 1 2 clocks
l 0O 4 clocks
1 1 8 clocks
PFP (playfield priority): Bit 2 = 'l' Playfield has priority over
players (players move behind
playfield).
Bit 2 = '0' Players have priority over
playfield.
Score: Bit 1 = '1l' Score on left half of playfield gets color of
player g and score on right half of playfield
gets color of player 1.
“f% Bit 1 = '0' Score defaults to color of playfield
. Ref (reflect playfield): Bit §# = '1' playfield reflected
Bit g = 'g' playfield not reflected
- . - Device Name JANX
Jl ATARI CO MPANY Document Number -
amicardagior Group m v 17 - 1 5'0
S CONFIDENTIAL C021711 | Page 32 o




:?K: 4 Moving Object Graphics Registers:

7 6 5 4 3. 2 1 %]
| . Lsgble/
X X X . X X - X ﬁéégi%e g X ENAM@
- X X X X X X Disable/ X ENAM1
" Enable
: Missile 1
X X X X X X Disable/ ENABL
o Enable
X .Ball
X X Clock width X Player-Missile NUSizg
number & Player Size
X X Clock width X Player-Missile 1 NUSIZ1
number & Player Size _
Player 1 Graphics Data GRPY
Player 2 Graphics Data GRP1
X X X X £l
ﬁfaygg X X X REFPH
X X X X R .
BeEdect x . X X  REFP1
" X X X X X X x y¥sifical  voerpg
S Player g
X X X X X X x peftical . ypprp1
Playgr 1 ] :
X X X X X X x peiss®®l  vpELmL
Ball

7.4.1 Enable Registers:

Bit 1 of the ENAMJ@, ENAML, and ENABL

disables missile @, missile 1 or the ball.

. Bit 1

7.4.2 -~ Number and Size

Bits 5-4 of the
width of the missiles.

D5

D4

nn

'1l' enables object

'@' disables obje

Registers:

ct

registers enables or

NUSIZ@ and NUSIZl registers control the clock

Width

)
OO

H OO

clock .
clocks
clocks
clocks

0 &)

I AR

2 Tov=— 22wy SOvTCuty

COMPANY

" "Device "Name
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: L)

3(j.5 Horizontal Position Reset
-7-}'

X]X|X|X{|{X|X{Reset Missile/
Player @ X -RESMP ¢
XX |X|X§iX]X ] Reset Migsile/ -
' Player 1 X RESMP 1
~ The RESMP# and RESMPl registers reset the horizontal location
e of a missile to the center of the corresponding player.
Bit 1 = '1' fThe missile remains locked to the center of it's

player. The missile graphics are disabled.

'd' The missile graphics are enabled and can be moved

Bit 1
' ' independently from the player

Device Name

Document Number
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Bits 2~ of NUSIZZ and NUSIZl control the number of images per
(j player-missile and the player size. :

PLAYER=MISSILE NUMBER & PLAYER-SIZE - - . 1
L .. 1 TELEVISION LINE ESCRIP-
D2 Dl Dg (160 CLOCKS) - ION" - °
0. 0 0 . -ﬁ4é - 1. One Image.
0 0 1 ‘ 17 12 Images
: ] Close
0~ 1° g - | 2 Images
: Medium b
. - i
0. 1 1 3 Images |-
1 Close |
S ’ 2 Images
1 0 0 H Wide
1 00 1 ' auble Size
1 Player _
1 1 -0 R 3 Images
. Medium
1 1 1 Quad: 3ize
layer

4.3 Graphics Registers: Bits 7-g of the GRPF and GRP1 registers
contain the player # and 1 graphics data which are output
serially. When reflected, bit # becomes the most significant
bit and bit 7 the least significant bit.

4.4 Reflect Registers: Bit 3 of the REFPF and REFP1 registers when
enabled can reflect the player ¢ and player 1 8-bit graphics data.

. . Bit 3 = '#g' no reflection (D7 = MSB)
L = '1l' reflect (Dg = MSB)

4.5 Vertical Delay Registers: Bit § of the  VDELP@, VDELP1, and
- VDELBL registers when enabled delays the pPlayers or the ball
by one vertical line. _

Bit @ = '#' no delay
= '1' delay
' ° l.Dev.ice Hame
{k ATARY COMPANY L ga
* s~ ¢En3uilaf Ioup gcume um .
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Tﬂfi Horizontal Motion Registers

7 6 4 3 2 1 g
Player ¢ horizontal motion X X X X _ HMP¢#
Player 1 horizontal motion X X X X HMP1
. Missile # horizontal motion X X X X HMMYP
Missile 1 horizontal motion-~ X X X X HMM1
Ball horizontal motion X X X X HMBL

These registers will cause horizontal motion of the players, missiles

‘and ball when the HMOVE command is executed.

These registers should

not be modified during the 24 computer cycles immediately following
the HMOVE command as’ unpredictable motion values may result.

Bit 7

4 Motion

HEFERRHRPRPOOO0O0O00O

COOOMERMBMPOODOOKHKFHE o

OOHKFOOHHOOHKHFHFOOHHM (%]

+7
+6
+5
+4
+3
+2

motion

OMHOHOFROHOHOHFOHOH
2
o

move left indicated
# of clocks

move right indicated
# of clocks

P

J A Waimgr Comeen L3t Ony Comiany
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7.7 Audio Registers

wjﬂf 7 6 5 4 3 2 1 g

- X X X X Audio Control d AUDCH
X X X X Audio Cantrol 1 AUDC1
X X X Audioc Frequency @ AUDFf#
X X X Audio Freguency 1 , : AUDF1
X X X X Audio Volume g AUDVE
X X X

X Audio Volume 1 AUDV1

-7.7.1 The 4 least significant bits”“of the audio control registers
(AUDCZ, AUDCl) control the noise-tone generation circuit. A
variety of noise and pure tones can be generated by either
dividing the clock pulses from the divide by N circuit (pure tones)

or by using a 4, 5, or 9 bit poly counter (random noise).
See figure

Bit 3 2 Noise type or clock division

set 4 LSB of shift counter = 1 {(no sound)
bit poly :

bit poly = 15 .

bit poly shifted into 5 bit poly

2 clock

2 clock

31 clock

bit poly <+ 2

bit poly (white noise)

bit poly

31 clock
et 4 LSB of shift counter = 1 (no sound)
&6 clock

6 clock

93 clock

bit poly < 6

sle LN D U ole a]e ofe b b o

HOHOHOHOKFOHOKORO W

FHEEERNEREREOOOOO OO0

OO HMOOCOMMHOOKMOO |~
LI ools olo sle U

RHEFHFOOOOHFRHOOOO

7.7.2 The. 5 least significant bits of the Audio Frequency Divider
R registers (AUDF@, AUDFl) can be selected to divide the 30KHZ
‘clock by the integers from 1 to 32. See figure

.Bit 4 3 2 1 @ Divisor

010]010}|0} no division (+1)
ojolotOo]11=2 .
0jojJoOoj1]0O} <3

102111 ]o}:m
1111212411114 <32

Device Name
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(713 The 4 least significant bits of the Audio Volume registers
(AUDVE, AUDV1) determine the pull down 1mpedance driving the
audio output pads.  See figure

Bit 3 2 1 @ 'Audio Qutput Pulldown Current
0|00} 0] No output current )
0|0 ]|0}]1]}§Lowest

. . o
1|]1|1}]0
1{1]1|Highest

HER Y .a'"..—-:alfrlc.:v— a=y
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7.8 COLOR LUMINANCE REGISTERS

2 1

7 6 5 4 3 0
Color " Lum X
Color Lum X
Color Lum X
Color Lum X

COLUPO
COLUPL
COLUPF -
COLUBK

The 7 most significant bits of the Color-Luminance registers determine the
color (bits 7 through 4) and luminance .{bits 3 through 1) of the players,

playfield and background.

D7 D6 D5 D4 Color Range (dependent on Luminance value)
0 0 0 Gray
0 0 1 Light Orange
0 1 ¢ Orange
0 1 1 Reddish orange
1 0 0 Pink
1 0 1  Purple
1 1 0 Purple-~ Blue
1 1 1 Blue
0 0 0 Blue .
0 0 1 Light Blue
0 1 0 Turquoise-
0 1 1 Blue-Green
1 0 0 Green
1 0 1 Greenish Yellow
1 1 0 Gold
1 1 1 Light Orange
D3 D2 D1l Luminance
0 0 0 Dark
0 0 1 . . .
0 1 0 .
0 1 1 .
1 o .0 Grey
1 0 1 .
1 - 1 0 ) .
1 1 -©1 Light

;)_EKATAR'I'
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Strobed Addresses
WSYNC (Wait for Syncg):

This address halts the mlcroprocessor by clearing RDY latch
{Logic '0'). RDY is set true agaln by the leading edge of
horlzontal blank.

RSYNC {Reset Sync): . '
. v .
This address resets the horizontal sync counter to define the
beginning of the horizontal blank time. It is used in chip’
testing. : :

RESP#, RESPl, RESM@, RESM1l, RESBL (Reset Players, Missiles, and Ball):

These 5 addresses reset the players, missiles, and the ball.
The object will begin its horizontal line serial graphics at
the tlme the reset occurs.

HMOVE (horlzontal motion) :

~

This address implements the horizontal motion register values.
The HMOVE strobe must occur at the beginning of the horizontal
blank time in order to allow time for generation of extra clock
pulses into the horizontal position counters. If motion is
desired, HMOVE must immediately follow a WSYNC command in the
program. -

BMCLR (horizontal motion clear)

This address clears all horizontal motion registers to zero
{no motion). : :

CXCLR {(collision Reset):

"This address clears all collision latches to zero (no collisions).

“t .- - P D o b e eme B . Lt L e EURS = s e

b
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7.10 READ ADDRESSES

_—)(T?.IO.I Read Collisions

7 . 6 5 4 3 2 1 0
00 CXMOP MO*P1  MO*PO X X X X X <X Missile 0 Collision
0l CxutP  WIF0 HIRWI ¥ ¥ ¥ ¥ ¥ X Missile 1 Collision
* 02 CXPOFB  PO*PF  POXBL X X X X X X Player 0 Collision
03 CXPIFE  PI#PF  PIFBEL I X ¥ X X 3 Player 1 Collision
04 CXMOFB  MO*PF  MO*BL X X X X X X Missile 0 Collision
05 CXMIFB  MI*PF ML*BL X X X X X X Missile 1 Collision
06 CRBLPF  BL*PF X X X X X X X Ball Collision
07 CXPPMM PO*P1  MO*M1 X X X X X X VPlayer/Missile
Collision
., 7.10.2 Read Input Ports
:
08 INPTO i0 X X X X X X X Pot Port I0
T o9 mPTI 11 X X X X ¥ X ¥ Pot Port Il
0A INPT2 12 X X X X X X X' Pot Port I2
OB INPT3 13 X X X X X X X Pot Port I3
0C INPT4 14 : X. ¥ X X X X X Input.Port I4
OD INPTS 15 X X X X

X X X Input Port IS5

. X = don't care
'-The-leftmost column contains the & bit hex address of the particular read

"..command. The address is followed by the assigned address name.

*
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Storage Temperature

-55 to +150°C

Ambient Temperature

0 to +70°C

Voltage at any Pin Relative to Vss

=0.3 to 7.0V

Power Dissipation

/ 1-0 -w

9. CAPACITANCES

Ambient Tempgrature Parameters: 'I‘A

= 25°C, V = 5V + 5%, GND = OV
cc - .

Symbol Parameter Min Max Units Test Conditions
Cin Iaput Capacitance 10 pF
g Cout OQutput Capacitance 12 pF
i CI/O .1/0 Capacitance 15 pF -
COSC 0SC Capacitance 15 pF
Cin PA-PB Input 10 pPF
P Capacitance
c PA~PB Qutput 10 pF
outp .Capacitance
v
e T T - ) B t.
- e —_— s T T e e P Cevice Hame y
. JAN
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fost

10.

D.C. CHARACTERISTICS |

)C Ambient Temperature Parameters.

= 0 to 70°C; V
cC

= +5V

x 5%

Symbol

Parameter

Max

Test Conditions

Lin

Input High Current
PA,PB ports

V, = 2.4V

in

I

Input Low Current
PA,PB ports

V, = 0.4V

in

IOL

. Output Low Current

PA,PB ports

-1

OH

Output High Current
PA,PB ports

vIH

-Input High Voltage

0SC

RES

10-13

I4-15 - .
All other inputs

IL

Input Low Voltage

‘0S¢
10-I3

RES
All other inputs

IN

Input Leakage
Current

RES
0scC

“2.5

10

in
ce =

< <

0 to 5.25V
5.0V

TSI

. -3-state Input _
3H;JﬁCurrent . S

10

T«

in

oec

0.4 to 2.4V

o

Output High Voltage

' Logic, PAPPB ports

Comp. Video, Chroma
Audio (OFF)

WwN N
~ 0 P~

<t H

1oag
cc

= 100uA
4. 75v

ATARI

Gemicondutlor CGroup
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. A
Symbol Parameter = Min Max Units Test Conditions
-)CJOL ' Output Low Voltage ’ v |
Logic, PA-PB ports, _ Iload = 1,6 mA
Comp. Video, Chroma 0.4 _ vcc = 4.75V
Audio
10/10 on 3.7 10K pullup
. 20/10 on . 2.9 @ Vccﬂ 4,6V
40/10 on | 1.8 :
80/10 on : -7 1.2
Maximum V 190 mA
- Tee
Current A
1

T e - Cevice lame

,;;_k TARI . | coupany

COANREINERNTIAL co217i1 .

JAN
[P nl Number = i j_-—- - .
4 ¥ 1 " se 4!‘ ot .
" e A



AT

11. A.C. CHARACTERISTICS

11.1 Television Interface .

Number  Symbol Parameter Min Max -Unit Comments
1 T Address, R/W, chip 230  us
tads
select set up time
© 7 t ' '
Tadh ~ Address, R/W, chip ,10 ns
select hold time :
. 3 t '
_Tds -~ Data Stability 200 ns
Time
4 t Data Hold 10 ns
Td? Time
5 € , ' '
: Tdso D7-D6 Stability 170 ns
Time
Tdho D7-D6 Hold Time 60 : ns
7 t 1 Color Delay Line 190 ns Open Drain,
? we Qutput {see Table 2). Pull up resistor
effects leading
edge delay.
8 t1h Falling edge of 0SC 390 ns
to rising edge of
RDY
9 t h1 ~Falling edge of 0SC 260 ns
d -~ to falling edge of
. RDY '
10 t - .. - Falling edge of 0SC 530 ns
: syne - to rising edge of '
7 .‘l. - ‘n'_.SYNC h ’
o1 £,
' lum  Lum and blank data - 250 . ns
' . wvalid after falling
5 edge of OSC
12 tol COL data valid after 360 ns
co rising edge of 0SC
2 T ‘ ) :

Cevice hheme .
Jal

-
L
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11.2 :Clocks
b.¢

13 t - 0SC pulse width 120 160 ns
opw , i
14 t ' '08C rise and fall 20 ns
orf
: . time
15 ' toh .0SC falling edge to 240 ns-
. 00 rising edge time .
16 €1 0SC rising edge to-” 170 ns
,06 falling edge time
11.3 COMBO Timing
_}7 eye 00 Cycle Time 0.8 100 us
18 trfOo 0o Rise, Fall 10 ns
Time
19 t 0 Pulse Width 375 62000 ns
pwlo 0
333 20 t_. R/W Setup Time 280 ns
Cid rvs
21 tadsz Address Set up 280 ns
Time
22 ticu? Data Stability 110 ns
23 t Data Hold Time— 130 s
T
. . Read
24 Cedr . Data Valid Delay- 370 ns
. ¢ ~Read Timer or RAM : :
75 T - Data Set up Time 750 ns
.. mds SRR C . i
4
26 t L :
.~ Tdy .". Ready Set up Time 130 ns
27 t - Peripheral Data 0.8 us
Cpv ' Valid after Falling
Edge of 0o (writing)
28t Peripheral Data 240 - ns
pc# Valid Before Rising .
Edge of Oo (reading) ' )
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E ATARI ’ DRAWING NO. REV SHEET OF ’
C021711 A a6 5C

R AT
b et SR ST e e s



11.4 Color Délay Tiﬁésl

Y

COLOR VALUE (HEX) DELAY TIME FOR COLOR VALUE

0 NO COLOR OUT . .
1 t + 00t .
ninv

g :ninv : ;gz
4 tninv + 3\t

v 5 tninv + AGt
6 thiny + 50¢
; Eninv : ggﬁ )
9 210V L aAe
A 340V gpe
B e21nv L Joae
c oV g9
D 23V L 100,
E - 240V L aAe
F RNV kA

. ninv

Table 2. ,Delay Times for Color Values (CHROMA).

LR}
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R/W

-~
|
H
e 15
. - . . ‘. '
A0-A5 . R :><:

2503

20-D7 N , ' : —
input - ' ><: !
- 1b

I6<D7

>utput - R ><: .
. . ' .H’

e

g, = the output clock on All during the Stephanie test

Device Mame'
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Television Interface

I .
RDYq [~ /!
*¥h1 — =
_ T \
e s ——
i
I ]
~ S¥NC { pd !
- e 10 !
IQ‘IZ ] 1
BLANK i ><}
| -:<——-.. 11 __xi
! L
COL | ><L
fe 12 SN
[




7
‘ |<- 7@
nternal
¥ R/W—\ , . X
= =
ABO-AB12 - 1 >< :
| —{ (9
Data Read
Data Readh
hate Read X
Pam read) @ F—
s —

Data Write

Internal
RDY
' —{G—
'PA,PB
‘Read

PA,PB e

Write
— @ =

.( u , - ) et e e ) .- el V_ ._._ e .____ - ) - e

. ‘3 - . X LU ] )

v ﬁo = the input clock at the T2 pin curing the COMBO test
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