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FCC Interference Warning

This equipment is marketed pursuant to a waiver of FCC Rules Part
15 Subpart J. Operation of this computer in a residental area is
likely to cause objectionable interference to radio and TV
reception, because it emits more radio frequency energy than the
FCC Rules allow. If interference occurs, the user will be
required to take all steps necessary to correct the interference.

Parts of this document contain material copyrighted by other
manufacturers. This material is reprinted with the permission of
the copyright holders. No material in this document may be
reproduced without the expressed written consent of the copyright
holder. ‘

(c) copyright 1981 by: New Orleans General Data Services, Inc.
7230 Chadbourne Drive
New Orleans, Louisiana 70126
(504) 241-9495

All rights reserved.
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‘1 Introduction

The HA-8-3 Color Graphics Board uses the TMS-9918A Color
Video Display Generator to add color graphics to the H-8
computer. Also included is a Programmable Sound Generator for
generating sound effects. An 8-input analog-to-digital converter
allows for 4 X-Y joystick consoles (not included). Two 8-bit
parallel I/0 ports are also provided. As an option, the
95112/9512 Arithmetic Processor Unit can be added.

The board comes pre-set for the recommended addresses and is
supplied with sample user routines, diagnostic software, and
demonstration programs.



2 Specifications

Power Requirements (+5,+12,-5 type 4116 RAMs)
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+8 Volt Supply ‘ 650 ma (typ) 800 ma (max)
+18 Volt Supply 210 ma (typ) 250 ma (max)
~18 Volt Supply 20 ma (typ) 45 ma (max)
Additional Power Requirements for 9511A/9512

+8 Volt Supply 50 ma (typ) 95 ma (max)
+16 Volt Supply 50 ma (typ) 95 ma (max)
Temperature

Operating Temperature 0C (min) 40C (max)
Interfaces

H8 Bus Data Bus Drivers 74LS242
H8 Bus Other Inputs 1 LS TTL load or less
H8 Bus Open Collector Drivers 7407
Video Amplifier Output Impedance 75 Ohms
Video Output Adjustable to NTSC composite video
Audio Output Impedance > 1K Ohms
Audio Output 1 Volt peak-to-peak (max)
A/D Input Impedance 10 K (rec)

Parallel Inputs

Parallel Output

VDP Section

Video Display Processor
Crystal Frequency
Crystal Type

RAM

Resolution

Colors

Internal Pullups

1 TTL Load

TMS-9918A
10.738635Mhz

Parallel

(20pf)

16K X 8

256 X 192 pixels

15

Text Mode 24 X 40 characters
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PSG Section

Programmable Sound Generator ‘ AY-3-8910
Tone Channels 3
Noise Channels 3
Envelope Generator 1
Parallel I/0 Ports 2

A/D Section

Analog Multiplexer AD7501 or AD7503
Analog Input Channels 8
A/D Converter AD7574
A/D Resolution 8 bits, binary, unipolar
A/D Accuracy +/-1 LSB
A/D Convert Time 20 us (max)

Analog Mux and Op-Amp Settling Time 35 us (max)

APU Section

APU (optional) Am9511A or Am9512
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3 1Initial Setup

The HA-8-3 comes adjusted to be used with the GDZ-1320 color
monitor. There are two cables to be connected. The cable with the
male phono plug is the video cable. The end of this cable with
the three pin connector plugs into the board at the COMP VIDEO
connector. The other end of this cable connects to the video
input of the GDZ-1320 color monitor. Many RF modulators and
video tape recorders also use this type of composite video
interface connector.

The cable with the miniature male phone plug is the audio
cable. The end of this cable with the three pin connector plugs
into the board at the AUDIO OUT connector. The other end of this
cable connects to the audio input of the GDZ-1320 color monitor.
Many video tape recorders also use this type of audio interface
connector.

The 3 pin connectors are not polarized. It does not matter
in which direction they are connected. '

If the cables supplied with the HA-8-3 will not interface,
refer to section 4.2 for information on how to interface to the
COMP VIDEO connector, or refer to section 4.3 for information on
how to interface to the AUDIO OUT connector.

The BIAS ADJ and GAIN ADJ trim pots should initially be at
the center of rotation.

The HA-8-3 can be inserted into any backplane slot behind
the CPU card (do not use the very last backplane slot).

Refer to section 5.1 and run the diagnostic program to check
out the HA-8-3., If any adjustments are required, refer to section
6 for more information.
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4 Interfacing Information

This section describes the interfacing requirement of the
joystick connectors, composite video output, and audio output,

4.1 Joystick Interfacing Information

This section describes how to interface joysticks to the
HA-8-3. Each joystick connects to a 10 pin male connector. Note
that the fourth pin on each connector is cut. The shell can be
polarized by installing a plug in the fourth opening of the 10
pin female shell,

The following is a detail table of the pins on the joystick
connector:

Joystick 1 Joystick 2 Joystick 3 Joystick 4

Pin 1 Vce Vce Vce Vce

Pin 2 Gnd Gnd Gnd Gnd

Pin 3 Vref Vref Vref Vref

Pin 4 Cut Cut Cut Cut

Pin 5 i i 2 5 i (Port B)
Pin 6 0 2 4 6 (Port B)
Pin 7 1 3 5 7 (Port A)
Pin 8 0 2 4 6 (Port A)
Pin 9 i 3 5 7 (Analog)
Pin 10 0 2 4 6 (Analog)

The interfacing information is broken into two parts:
interfacing to the parallel ports, and interfacing to the analog
ports.

4.1+1 . Interfacing o the Parallel Ports

Note that two bits from each of the two parallel ports is
brought out to each connector. If one port is enabled for input
and one port enabled for output (see 7.2.1.6), each joystick
connector will have 2 bits of parallel input for push button
switches, etc., and two bits of parallel output to light LED's,
etc. When one port is enabled for output and the other for input,
it is recommended that port B be used for output and port A be
used for input. It is possible to program both ports for input or
both ports for output, if desired.

4,1.1.1 Parallel Input Interface

The PSG contains internal pullup resistors on each bit of
the parallel ports. Therefore the recommended method of
interfacing to an input port is to use a normally open push
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button switch to ground a bit of the input port. Refer to the
schematic (page 2) for a typical schematic of a push button
switch interface connection. Ground is available at pin 2 of the
connector.

4.1.1.2 Parallel Output Interface

The output drive of a parallel port is one TTL load. This is
not enough to directly drive an LED. The parallel outputs must be
buffered before they can be used to drive an LED. Vcc and Gnd are
available on the connector at pins 1 and 2 respectively to power
such a buffer. Refer to the schematic (page 2) for a typical
schematic to drive an LED.

4.1.2 Interfacing to the Analog Inputs

The analog inputs must have voltages between Gnd and Vref.
To do this a trim pot (linear trim) is used as a voltage divider.
One end of the trim pot is connected to Vref and the other to
Gnd. The wiper of the trim pot is connected to one of the analog
channels. A 10K ohm trim pot is recommended for this application.
Refer to the schematic (page 2) for a typical schematic of an
analog input.

A joystick requires two trim pots - One for the X-axis, and
one for the Y-axis. When a joystick is used, the following
configuration is recommended:

1) The X-axis trim pot is connected to an even numbered analog
channel.

2) The Y-axis trim pot is connected to an odd numbered analog
channel,

3) The X-axis trim pot is wired so that as the joystick is
moved to the right the wiper of the trim pot approaches
Vref; and as the joystick is moved to the left the wiper of
the trim pot approaches Gnd.

4) The Y-axis trim pot is wired so that as the joystick is
moved up the wiper of the trim pot approaches Gnd; and as
the joystick is moved down, the wiper of the trim pot
approaches Vref. -

4.2 Composite Video Interfacé

The 3 pin connector labeled COMP VIDEO is the composite
video output of the HA-8-3. The output impedance of the video
amplifier is 75 Ohms. The two outer pins on the COMP VIDEO
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connector are both ground. The middle connector pin is the
composite video output signal. Because the outer pins are both
ground, the connector is not polarized.

If the cable supplied with the HA-8-3 does not match the
video input connector of the display device, an adapter cable
with a female phono socket on one end and the appropriate
connector for the display device on the other end should be
obtained.

4,3 Audio Interface

The 3 pin connector labeled AUDIO OUT is the audio output of
the HA-8-3. The output is a 1 Volt peak-to-peak AC coupled
signal. The two outer pins on the AUDIO OUT connector are both
ground. The middle connector pin is the audio output signal.
Because the outer pins are ground, the connector is not
polarized. ’

If the cable supplied with the HA-8-3 does not match the
audio input connector of the audio amplifier, an adapter cable
with a female miniature phone socket on one end and the
appropriate connector for the audio amplifier on the other end
should be obtained.
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5 Distribution Diskette

The distribution software for the HA-8-3 is on a 5.25"
floppy diskette. In addition to the software support routines
documented in section 4, this diskette has a diagnostic and some
demonstration programs for the HA-8-3,

5.1 Diagnostic Software (HA83DIAG)

The diagnostic program is HA83DIAG. Both the source and the
ABS file are included. HA83DIAG performs the following tests:

1) The first test performed by HA83DIAG is a memory test on the
VRAM. This test requires about one minute. If no errors are
detected, HAB3DIAG prints the message "No VRAM failures
detected.". If the test fails, then HA83DIAG lists the "u"
numbers of the failing VRAMs,

2) After the memory diagnostic, HAB3DIAG paints color bars on
the color display. The order of the color bars is:

1) White

2) Gray

3) Dark Blue

4) Light Blue
5) Cyan

6) Dark Green
7) Medium Green
8) Light Green
9) Dark Yellow
10) Light Yellow
11) Dark Red

12) Medium Red
13) Light Red
14) Magenta

The display should be examined for the proper color
seguence.,

3) After the color bars are displayed, HA83DIAG produces four
sound effects. These sound effects are:

A) The first sound effect is a laser. The sound is a
frequency sweep effect on channel C.

B) The second sound effect is a whistling bomb. The
whistling effect is a frequency sweep effect on channel
B. The explosion is noise effect under the control of the
envelope generator. All three channels participate in the
explosion effect.
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C) The third sound effect is a wolf whistle. The whistling
is produced on channel A. Channel B is used in this
effect to produce white noise associated air movement
through the lips during a whistle.

D) The fourth sound effect is a racing car changing gears.
The effect of increasing engine RPM is produced on
channel A, while a constant, high frequency engine whine
effect is produced on channel B.

The sound effects should be listened to carefully for defects.

After the sound effects are produced, HA83DIAG will display
16 dots on the top of the display. The top row of dots are the
bits from parallel port A, and the bottom row are the bits from
parallel port B. The leftmost dot in each row is the high order
bit. A white dot indicates the corresponding bit is ON, a black
dot indicates the corresponding bit is OFF., Since the PSG has
pullup resistors on the parallel ports, the dots should be
displayed as white. The numbers 1 through 4 are also displayed.
The position of these numbers is determined by the analog inputs
on each joystick. The "X" position is determined by the voltage
on the even numbered analog channel, and the "Y" position is
determined by the voltage on the odd numbered analog channel. If
no joysticks are available, the numbers can be moved randomly by
touching the bottom two rows of the joystick connectors. The
electrical noise produced by touching the connectors should be
enough to randomly move the numbers.

To end the diagnostic, type two "Z's.
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5.2 Colors

There are 15 programs on the distribution diskette to paint
the face of the color display a solid color. The following is a
table of colors and programs:

Color Program Source
White WHITE.ABS WHITE.ASM
Rlack BLACK.ABS BLACK.ASM
Dark Blue DBLUE.ABS DBLUE.ASM
Light Blue LBLUE.ARS LBLUE.ASM
Cyan CYAN.ABS CYAN,.ASM
Dark Green DGREEN.ARS DGREEN.ASM
Medium Green MGREEN.ABS MGREEN.ASM
Light Green LGREEN.ABS LGREEN.ASM
Dark Yellow DYELLOW.ABS DYELLOW.ASM
Light Yellow LYELLOW.ABS LYELLOW,ASM
Dark Red DRED.ABS DRED.ASM
Medium Red MRED.ABS MRED. ASM
Light Red LRED,.ABS LRED.ASM
Magenta MAGENTA.ABS MAGENTA.ASM

To paint the face of the color display one of the above
colors, execute the program whose name appears to the right of
the color.

5.3 Color Bars

There are two programs on the distribution diskette to paint
color bars on the color display. The program NTSCBARS paints
color bars in the NTSC order. The program BARS paints color bars
so that the color phase angle difference between colors is
minimized.



5.3.1 NTSCBARS (NTSC Order Color Bars)

Page 11

This program paints color bars in the NTSC order. The order

of the color bars is given in the following table:

1) White

2) Gray

3) Dark Yellow
4) Light Yellow
5) Cyan

6) Dark Green
7) Medium Green
8) Light Green
9) Magenta

10) Dark Red

11) Medium Red
12) Light Red
13) Dark Blue
14) Light Blue

5.3.2 BARS (Phase Order Color Bars)

This program paints colors bars on the color display so that
the phase angle difference between colors is minimized. The order

of the color bars is given in the following table:

1) White

2) Gray

3) Dark Blue

4) Light Blue
5) Cyan

6) Dark Green
7) Medium Green
8) Light Green
9) Dark Yellow
10) Light Yellow
11) Dark Red

12) Medium Red
13) Light Red
14) Magenta

5.4 VDP Kaleidoscope

The program KALEIDO uses the color display to produce a

kaleidoscope. To exit this program type a “C.
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6 Adjustments

Adjustments to the HA-8-3 are described in this section.

6.1 Adjusting the VDP crystal frequency

If the VDP crystal drifts off frequency, the HA-8-3 may no
longer produce a color image, or the tint of the colors may not
be correct. The frequency can be measured by attaching a
frequency counter to U7 pin 3. The frequency on this pin should
be the color burst frequency, i.e., 3.579545 Mhz +/- 15 Hz. If
this frequency is off, adjust capacitor C6 until the frequency is
correct. Since the capacitance of C6 will be increased by
touching it with the adjusting instrument, it will be necessary
to correct for this extra capacitance by adjusting the frequency
about 50 Hz lower. When the adjusting instrument is removed, the
frequency will increase about 50Hz because the extra capacitance
of the adjusting instrument has been removed.

If a frequency counter is not available, a coarse adjustment
can be made by adjusting C6 so that it is mid-range between the
settings which produce acceptable colors, This method is not
recommended.

6.2 Adjusting the Composite Video Output

The video output of the HA-8-3 has been designed to
interface with the GDZ-1320 monitor. There are two adjustments
for the composite video output. Each of the adjustments is
described below:

6.2.1 Bias Adjustment

Trim pot Rl is labeled BIAS ADJ. This trim pot controls the
DC component of the composite video signal. Most composite video
inputs (including the GDZ-1320 color monitor) are 75 ohm AC
coupled inputs. For these applications this trim pot should be
adjusted to the center of rotation. :

6.2.2 Gain Adjust

Trim pot R3 is labeled GAIN ADJ. For most applications
(including the GDZ-1320 monitor) a setting at the center of
rotation will produce the best results. Fine adjustments should
be made for the best overall picture.
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6,3 Memory Options

The HA-8-3 comes with 150 ns 4116 type RAM's, These RAM's
come in a 5 volt only part or a +5, +12, -5 volt part. There are
jumper options on the board to support either type of part. All
parts on a board must be of the same type, however,

6.3.1 5 Volt Only RAM's

For this type of RAM jumpers J1, J2, and J3 must be removed,
and jumper J4 installed. No other changes are required. This type
of RAM greatly reduces the 12 volt requirements of the HA-8-3.

6.3-2 +5' +12' ivolt RAM'S

For this type of RAM jumpers J1, J2, and J3 must be
installed, and jumper J4 removed. The HA-8-3 is supplied with
this type of part.

6.4 Analog Multiplexer Options

The HA-8-3 supports two types of analog multiplexers: the
AD7501 or the AD7503. If the AD7501 is installed at Ul7 then the
jumper labeled 7501 must be installed, and the jumper labeled
7503 must be removed. If the AD7503 is installed at Ul7 then the
jumper labeled 7503 must be installed and the jumper labeled 7501
must be removed.

There is no functional difference between the AD7501 and the
AD7503.

6.5 9511A / 9512 option

The HA-8-3 supports either the 9511A or the 9512 APU. Either
device may be installed at U21, If interrupts are to be used with
the APU then a jumper will have to be installed at 9511 or 9512,

If the 9511A is installed at U21 and interrupts are used,
then the jumper labeled 9511 must be installed and the jumper
labeled 9512 must be removed. If the 9512 is installed at U21 and
interrupts are used, then the jumper labeled 9512 must be
installed and the jumper labeled 9511 must be removed.

If interrupts are not being used (recommended), then neither
jumper should be installed.
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6.6 Altering I/0 Addresses

A facility for changing the I/0 addresses of the devices on
the HA-8-3 is provided for. However, it is not recommended
because it involves cutting traces and installing jumpers. The
HA-8-3 will also not be usable with the software supplied with
5

Observe that there are three device select grids labeled
DXX, XDX, and XXD. There is one select grid for each digit of the
octal I/0 address, Inside of each device select grid there are
four device designators labeled A/D, APU, PSG, and VDP. To the
left of each device designator there is a trace marked with an
"¥"  The traces marked with an "X" set the default I/O0 addresses.

To change the I/0 address of a device follow these steps:

1) In each of the three device select grids, cut one trace just
to the left of the device designator being changed. This
trace is clearly marked with an "X"., IF YOU ARE NOT SURE DO
NOT CUT THE TRACE! There are three traces to be cut for each
device.

2) In each of the three device select grids, install a jumper
from the device designator to the octal digit for the new
1/0 address. Note that the device designator pads have two
holes. This will permit daisy chaining if more than one
device requires the same octal digit. All I/0 addresses must
be even.

Note that in the device select grid XXD there is a hole
labeled OFF above the digits. A device can be turned off by
jumpering a device designator to OFF instead of to a digit,

To change the APU address to 324Q, the following would be
done:

1) In the device select grid labeled DXX the trace marked with
an "X" to left of the device designator APU must be cut.

2) In device select grid DXX a jumper between 3 and the device
designator APU must be installed. The high order digit of
the I/0 address of the APU has now been changed to 3.

3) In the device select grid labeled XDX the trace marked with
an "X" to the left of the device designator APU must be cut.

4) In device select grid XDX a jumper between 2 and the device
designator APU must be installed. The middle digit of the
1/0 address of the APU has now been changed to a 2.
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5) In this case, no changes have to be made to device select

grid XXD because the default trace is already installed to
4,

6.7 Board Enable

A facility for disabling the HA-8-3 entirely is available by
cutting a trace and installing a jumper. To disable the HA-8-3
cut the trace between BDEN and ON, then install a jumper between
BDEN and OFF,

6.8 Interrupts

The HA-8-3 provides for interrupts by the VDP and APU,
Interrupts are enabled by installing jumpers in the grid labeled
INT SEL. To enable an interrupt for the APU or VDP, install a
jumper between the device designator and the desired interrupt
number. For example, to enable interrupt number 5 for the VDP,
install a jumper between VDP and INTS5. The use of interrupts is
not recommended.
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7 Programming the HA-8-3

This section describes how to program the four major
components of the HA-8-3 using the support software on the
distribution diskette. The data sheet for each of the major
components of the HA-8-3 are located in the rear of this manual.
Before reading how the support software works for a component, it
is advisable to read the data sheet for that component.

7.1 The TMS-9918A Video Display Processor (VDP)

The basic support software for the VDP is contained in two
files on the distribution diskette: VDPDEF.ACM and VDPIO.ACM, The
file VDPDEF.ACM contains the definitions of the bits in the
registers of the VDP, The file VDPIO.ACM contains the I/0
routines to maintain the VDP's registers.

There are three other files on the distribution diskette
which contain software aids for programming the VDP. The file
MCXYSUBS.ACM contains software support for using the multicolor
mode to produce "X-Y" plots. The file SPRITE.ACM contains
software routines for sprite handling. The file VDPMOVES.ACM
contains routines to move blocks of data to and from VRAM.

Unless otherwise noted, values requiring 8 bits or less are
passed in register A. Values requiring more than 8 bits are
passed in register HL. All registers are preserved except for
those used to return data. Since the VDP has 16K of VRAM, only
the lower 14 bits are used when passing VRAM addresses.

7.1.1 Primitive VDP I/0O Routines

The file VDPIO.ACM contains the primitive functions for
doing I/0 on the VDP. Each routine is described below:

7.1.1.1 VP.SRA (Set VDP VRAM Read Address)

This is the primitive routine used to set the VDP's VRAM
Read Address Register. The 14-bit VRAM read address is placed in
register HL, and then VP.SRA is called. Subsequent calls to
VP.RDV (Read VRAM) will start at the address passed in register
HL.

To set the VRAM Read Address Register to location 8190, the
following call to VP.SRA could be used:

LXI HL,8190
CALL VP.SRA
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7.1.1.2 VP.RDV (Read VRAM)

This routine reads data from the VRAM at the location in the
Read Address Register (see 7.1.1.1 VP.SRA to set the Read Address
Register). The Read Address Register is autoincremented by the
read. The VRAM data is returned in register A,

The following code could be used to place the contents of
VRAM location 2000 into register B and the contents of VRAM
location 2001 into register C:

LXI HL, 2000
CALL; VP.SRA
CALL VP.RDV
MOV B,A
CALL VP.RDV
MOV ol

7.1.1.3 VP.RVD (Read VRAM Direct)

This routine is a combination of VP.SRA and VP.RDV. The
l14-bit VRAM read address is placed in register HL and the data
from VRAM location HL is returned in register A. The Read Address
Register is autoincremented.

The following code can also be used to place the contents of
VRAM location 2000 in register B, and the contents of location
2001 in register C:

LXI HL, 2000
CALL VP.RVD
MOV B,A
CALL VP.RDV
MOV C, A

7.1.1.4 VP.SWA (Set VDP VRAM Write Address)

This routine sets the VDP VRAM Write Address Register. The
l4-bit read address is passed in register HL. Subsequent calls to
VP.WRV (Write VRAM) will start at the address in register HL.

To set the VRAM Write Address Register to location 8190, the
following call to VP.SWA could be used:

LXI HL,8190
CALL VP.SWA
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7.1.1.5 VP.WRV (Write VRAM)

This routine writes the data in register A to the VRAM
location in the Write Address Register (see 7.,1.1.4 VP.SWA to set
the Write Address Register). The Write Address Register is
autoincremented by the write.

The following code could be used to write the contents of
register B to VRAM location 2000 and the contents of register C
to VRAM location 2001:

LXI HL, 2000
CALL VP.SWA
MOV A,B
CALL VP.WRV
MOV A,C
CALL VP.WRV

7.1.1.6 VP.WVD (Write VRAM Direct)

This routine is a combination of VP.SWA and VP.WRV. The VRAM
address to be written is placed in register HL and the data to be
written is placed in register A. The Write Address Register is
autoincremented by this operation.

The following code can also be used to write the contents of
register B to VRAM location 2000 and the contents of register C
to VRAM location 2001:

LXI HL, 2000
MOV A,B
 GALL VP.WVD
MOV B .6
EALL VP.WRV

7.1.1.7 VP.WRR (Write VDP Register)

This routine is used to write the write only VDP registers.
The VDP register number to be written is passed in register L,
and the value to be written is passed in register A. This is an
internal routine and should not be used. The routines described
in 7.1.2 should be used to maintain the VDP registers.

7.1.2 VDP Register Maintenance Routines

The file VDPIO.ACM contains the software routines to
maintain the nine VDP registers, and routines to read and write
the 16K of VDP RAM (VRAM). These routines use the register pair
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HL to pass values requiring more than 8 bits and register A to
pass 8 bit values,

The file VDPDEF.ACM contains the bit names for the bits in
the registers. Where applicable, the bit name from VDPDEF.ACM is
given. In order to be consistent with the data sheet for the VDP,
the description of the registers uses bit 7 for a low order bit,
and bit 0 for a high order bit. Each of the VDP registers, along
with the software support for the register, is described below:

7.1.2.1 Registers 0 and 1 (Option Control)

Registers 0 and 1 contain the option bits used to enable and
disable various VDP features and modes. A description of each of
the option bits follows:

Register 0:
BIT 7 (VP.NEV) OFF: Disable external video
(VP.EV) ON: Enable external video .
(not supported on HA-8-3)
Register 1l:

BIT 7 (VP.MO) OFF: Magnification 0 sprites

(VP.M1) ON: Magnification 1 sprites

BIT 6 (VP.SO0) OFF: Size 0 sprites
(VP.S1) ON: Size 1 sprites

BIT 4 OFF: Multicolor mode not selected
(VP.MCM) ON: Enable multicolor mode

BIT 3 OFF: Text mode not selected
(VP.TM) ON: Enable text mode

BIT 2 (VP.DI) OFF: Disable interrupts
(VP.EI) ON: Enable interrupts

BIT 1 (VP.DDP) OFF: Disable (blank out) display
(VP.EDP) ON: Enable display

BIT 0 (VP.4K) OFF: 4K dynamic VRAMs (do not use this)
(VP.16K) ON: 16K dynamic VRAMs (use this)

Note that it is not legal to select both the multicolor mode
and the text mode together (VP.MCM+VP.TM) . When neither the
multicolor mode nor text mode is selected, the pattern mode
(VP.PM) is selected.

To load the option control registers, place the 16-bit



Page 20

option mask in register HL and call the routine VP,SOP. For
example, to select the multicolor mode with size 0, magnification
0 sprites with the display active, the following code could be
used:

LXI HL,VP,NEV+VP, 16K+VP, EDP+VP,.DI+VP,MCM+VP, 50+VP, MO
CALL VP, S0P

The VDP register maintenance routine VP.SOP saves the most
recently set options in the variable VP.OPT.

7.1.2.2 Register 2 (Pattern Name Table Base Address)

The register maintenance routine for the Pattern Name Table
Register is VP.SPN. The 14-bit VRAM address of the Pattern Name
Table is placed in register HL. The Pattern Name Table address is
stored in the variable VP.PNT., (VP.PNT should contain the most
recent Pattern Name Table address.) The upper 4 bits of the
l4-bit Pattern Name Table Address are then stored in the Pattern
Name Table Register of the VDP. Since the VDP does not store the
low order 10 bits of the Pattern Name Table address, this address
must be evenly divisible by 1024 (the bottom ten bits must all be
0's). VP.SPN does not verify this.

To set the VRAM address of the Pattern Name Table to 2048,
the following calling sequence could be used:

LXT HL, 2048
CALL VP.SPN

After this call, the variable VP.PNT will contain the wvalue
2048, and the value 2 (2048/1024) has been stored in the VDP's
Pattern Name Table Register.

7.1.2.3 Register 3 (Color Generator Table Base Address)

The register maintenance routine for the Color Generator
Table Register is VP.SCG. The 14-bit VRAM address of the Color
Generator Table is placed in register HL., The Color Generator
Table Address is stored in the variable VP.CGT. (VP.PNT should
contain the most recent Color Generator Table address.) The upper
8 bits of the 14-bit Color Generator Table address are then
stored in the Color Generator Table Address Register of the VDP.
Since the VDP does not store the low order 6 bits of the Color
Generator Table, this address must be evenly divisible by 64 (the
bottom 6 bits must all be 0's). VP.SCG does not verify this.
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To set the VRAM address of the Color Generator Table to be
256, the following calling sequence could be used:

LXI HL, 256
CALL VP.SCG

After this call, the variable VP.CGT will contain the wvalue

256, and the value 4 (256/64) has been stored in the VDP's Color
Generator Table Register.

7.1.2.4 Register 4 (Pattern Generator Table Base Address)

The register maintenance routine for the Pattern Generator
Table Register is VP.SPG. The l4-bit VRAM address of the Pattern
Generator Table is placed in register HL. The Pattern Generator
Table address is stored in the variable VP.PGT. (VP.PGT should
contain the most recent Pattern Generator Table address.) The
upper 3 bits of the 1l4-bit Pattern Generator Table Address are
then stored in the Pattern Generator Table Register of the VDP,
Since the VDP does not store the low order 11 bits of the Pattern
Generator Table address, this address must be evenly divisible by
2048 (the bottom 11 bits must all be 0's). VP.SPG does not verify
this.

To set the VRAM address of the Pattern Generator Table to be
6144, the following calling sequence could be used:

LXI HL,6144
CALL VP.SPG

After this call, the variable VP.PGT will contain the wvalue
6144, and the value 3 (6144/2048) has been stored in the VDP's
Pattern Generator Table Register.

#slv2a5 Reglister 5 (Sprite Name Table Base Address)

The register maintenance routine for the Sprite Name Table
Register is VP.SSN., The 14-bit VRAM address of the Sprite Name
Table is placed in register HL. The Sprite Name Table address is
stored in the variable VP.SNT. (VP.SNT should contain the most
recent Sprite Name Table address.) The upper 7 bits of the 1l4-bit
Sprite Name Table Address are then stored in the Sprite Name
Table Register of the VDP. Since the VDP does not store the low
order 7 bits of the Sprite Name Table address, this address must
be evenly divisible by 128 (the bottom 7 bits must all be 0's).
VP.SSN does not verify this.
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To set the VRAM address of the Sprite Name Table to be 128,
the following calling sequence could be used:

LXI HL,128
CALL VP.SSN

After this call, the variable VP.SNT will contain the value

128, and the value 1 (128/128) has been stored in the VDP's
Sprite Name Table Register.

7.1.2.6 Register 6 (Sprite Pattern Generator Table Base Address)

The register maintenance routine for the Sprite Pattern
Generator Table Register is VP.SSG. The 14-bit VRAM address of
the Sprite Pattern Generator Table is placed in register HL. The
Sprite Pattern Generator Table address is stored in the variable
VP.SGT. (VP.SGT should contain the most recent Sprite Pattern
Generator Table address.) The upper 3 bits of the 14-bit Sprite
Pattern Generator Table Address are then stored in the Sprite
Pattern Generator Table Register of the VDP. Since the VDP does
not store the low order 11 bits of the Sprite Pattern Generator
Table address, this address must be evenly divisible by 2048 (the
bottom 11 bits must all be 0's). VP.SSG does not verify this.

To set the VRAM address of the Sprite Pattern Generator
Table to be 4096, the following calling sequence could be used:

LXI HL, 4096
CALL VP.S5G

After this call, the variable VP.SGT will contain the value
4096, and the value 2 (40926/2048) has been stored in the VDP's
Sprite Pattern Generator Table Register.

7.1.2.7 Register 7 (Text/Backdrop Color)

The register maintenance routine for the Text/Backdrop
Register is VP.STB. The contents of this register depend on the
operating mode of the VDP. If the VDP is in the text mode, then
the left nibble of register 7 contains the color of ON pattern
bits, and the right nibble contains the color of OFF pattern
bits. In all other modes, the left nibble is not used, and the
right nibble contains the color of the backdrop.

The following is a table of colors and their names from
VDPDEF.ACM:
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Color Name Value
Transparent VC.CLR 0
Black VC.BLK 1]
Medium Green VC.MGR 2
Light Green VC.LGR 3
Dark Blue VC.DBL 4
Light Blue VC.LBL 5
Dark Red VC.DRD 6
Cyan VC.CYN 7
Medium Red VC.MRD 8
Light Red VC.LRD 9
Dark Yellow VC.DYL 10
Light Yellow VC.LYL 11
Dark Green VC.DGR 12
Magenta VC.MAG 13
Gray VC.GRY 14
White VC.WHT 15

To place a color from the above table in the left nibble,
multiply the name from the above table by VC.LFT. In the text
mode, the ON bits could be set to black, and the OFF bits could
be set to light blue by making the following call to VP.STB:

MVI A,VC.BLK*VC,.LFT+VC.LBL
CALL VP.STB

The backdrop color could be set to dark green by making the
following call to VP.STR:

MVI | A,VC.DGR
CALL VP.STB

VP.STB maintains the most recent text/backdrop color in the
variable VP.TBC.

7.1.2.8 ©Status Register (Read Only)

The VDP contains one read only status register. To read the
status register, use the routine VP.RDR. The contents of the
status register are returned in register A. The contents of this
register are:
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7:1.2.8.1 Interrupt Flag (Bit D)

This bit is set if the VDP is requesting an interrupt. This
bit is automatically reset by reading the status register. The
mask value from VDPDEF.,ACM is VP.IF.

7.1.2.8,2 PFifth Sprite Flag {(Blt 1)

The VDP cannot display more than four sprites on any one
raster scan line. If this rule is violated, this bit is set and
the fifth sprite number is also placed in bits 3-7. The mask
value from VDPDEF.ACM is VP.5S.

7.1.2.8.3 Coincidence Flag (Bit 2)

When two or more sprites have one or more overlapping
pixels, this bit is turned on. The mask value from VDPDEF.ACM is
ve.C.

7.1.2.8.4 Fifth Sprite Number (Bits 3-7)

When the Fifth Sprite Flag is set, these bits will contain
the number of the first sprite not displayed (i.e., the fifth
sprite on the same horizontal raster scan). The mask value from
VDPDEF.ACM is VP.FSN.

7.1.3 "X-¥Y" Routines for the Multicolor Mode

The file MCXYSUBS.ACM contains two routines to aid in
producing "X-Y" plots. The "X-Y" routines divide the screen into
48 rows by 64 columns of display. Each of these 3072 points can
be any of the 16 colors. Transparent points will appear to be the
same color as the backdrop color. Before these routines can be
used the following registers must have been set:

1) The multicolor mode must be enabled using the routine VP,SOP
and the option VP.MCM (see 7.1.2.1).,

2) The pattern name table base address register must have been
loaded using the routine VP.SPN (see 7.1.2.2).

3) The pattern generator table base address register must have
been loaded using the routine VP.SPG (see 7.1.2.4).

MC.XYI and MC.XY make use of the Pattern Name Table pointed
to by VP.PNT and the Pattern Generator Table address pointed to
by VP.PGT. VP.SPN (see 7.1.2.2) will set VP.PNT to the Pattern
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Name Table address most recently loaded to the VDP Pattern Name
Table Register, and VP.SPG (see 7.1.2.4) will set VP.PGT to the
Pattern Generator Table address most recently loaded to the VDP
Pattern Generator Table Register.

MC.XYI and MC.XY are described below:

7.1.3.1 MC.XYI (Initialize "X-¥Y" Plotting)

This routine initializes the Pattern Name Table and the
Pattern Generator Table for "X-¥" plotting. The screen is
initialized to black. The routine uses a standard 768 Pattern
Name Table and a 1536 byte Pattern Generator Table. This routine
requires no data to be passed in the registers.

7.1.3,2 MC.XY (Plot an "X-Y" Point)

This routine changes the dot at the (X,Y¥) point specified in
register (H,L) to the color specified by register A. The "X"
value is passed in register H. The value contained in register H
must be between 0 and 47 inclusive. The "Y" value is passed in
register L. The value contained in register L must be between 0
and 63 inclusive. The color of the point is passed in the low
order nibble of register A, The value passed must be one of the
colors described in 7.1.2.7.

7.1.4 Sprite Processing Routines

The routines described in this section aid the user in
programming sprites. The routines are found in the file
SPRITE.ACM. These routines provide an easy to use mechanism to
read and write the sprite attributes. The programmer need not be
concerned with the location of the sprite in VRAM, All references
to the sprites are via the sprite number. The routines will
automatically convert the sprite number to a VRAM address and
read or write the sprite attributes.

The following routines make use of the Sprite Name Table
pointed to by VP.SNT, and the Sprite Pattern Generator Table
pointed to by VP.SGT. VP.SGSN (see 7.1.2.5) will set VP.SNT to
point to the Sprite Name Table most recently loaded to the VDP
Sprite Name Table Register, and VP.SSG (see 7.1.2.6) will set
VP.SGT to point to the Sprite Pattern Generator Table most
recently loaded to the VDP Sprite Pattern Generator Table
Register.

_ A sprite attribute consists of four bytes. The first byte is
the vertical ("Y") position of the sprite. The second byte is the
horizontal ("X") position of the sprite. The third byte is the
sprite name. For size 1 sprites, the sprite name must be evenly
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divisible by four. The last byte contains the sprite color in the
low order four bits (see color codes in 7.1.2.7), and an early
clock bit in the high order bit. When the early clock bit is set,
the horizontal ("X") value is offset 32 pixels to the left to
allow the sprite to bleed in from the left edge of the display.

7.1.4.1 VP.SAA (Get Sprite Attribute Address)

This routine will return the base VRAM address of the sprite
attribute block for the sprite number passed in register A. The
base address of the sprite attribute block is returned in
register HL.

7.1.4.2 VP.SPA (Get Sprite Pattern Address)

This routine will return the base VRAM address of the sprite
pattern generator block for the sprite number passed ip register
A. The base address of the sprite pattern generator block is
returned in register HL.

7.1.4.3 VP.GSC (Get Sprite Coordinates)

This routine will return the coordinates of the sprite
number passed in register A. The horizontal ("X") value is
returned in register H, and the vertical ("Y¥") value is returned
in register L.

7.1.4.4 VP.SSC (Set Sprite Coordinates)

This routine will set the coordinates of the sprite number
passed in register A. The horizontal ("X") wvalue is passed in
register H, and the vertical ("Y") value is passed in register L.

7.1.4.5 VP.GSA (Get Sprite Attributes)

This routine will return all the attributes of the sprite
number passed in register A. The horizontal ("X") value is
returned in register H, the vertical ("Y") value is returned in
register L, the sprite name is returned in register D, and the
sprite color/early clock bit is returned in register E.

7.1.4.6 VP.SSA (Set Sprite Attributes)

This routine will set the attributes of the sprite number
passed in register A. This horizontal ("X") value is passed in
register H, the vertical ("Y") value is passed in register L, the
sprite name is passed in register D, and the sprite color/early
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clock bit is passed in register E.

7.1.5 VRAM Maintenance Routines

The file VDPMOVES.ACM contains two routines to facilitate
moving blocks of data between VRAM and memory. The routine VP.MTV
is used to move data to VRAM, and the routine VP.VTM is used to
transfer data from VRAM to memory. The most common use of these
routines is to block load VRAM table from memory.

7.1.5.1 VP.MTV (Move from Memory to VRAM)

This routine is used to move data from memory to VRAM. The
starting VRAM address is passed in register HL. The starting
memory address is passed in register DE. The number of bytes to
be transferred is passed in register BC,

7.1.5.2 VP.VTM (Move from VRAM to memory)

This routine is used to move data from VRAM to memory. The
starting VRAM address is passed in register HL. The starting
memory address is passed in register DE. The number of bytes to
be transferred is passed in register BC.

7.2 The AY-3-8910 Programmable Sound Generator (PSG)

This section describes the support software for the PSG. The
files PSGDEF.ACM, PSGIO.ACM, LASER.ACM, WBOMB,ACM, WOLF.ACM, and
RACECAR.ACM contain the software support for the PSG.

Unless otherwise noted, values requiring 8 bits or less are
passed in register A. Values requiring more than 8 bits are
passed in register HL. All registers are preserved unless needed
to return data.

7.2.1 PSG Register Maintenance Routines

The PSG contains registers to control the tone and amplitude
for three channels, a white noise generator, an envelope
generator, and two parallel input/output ports. Each of these
registers is described below.

7.2.1.1 Tone Control Registers

The PSG has three independent tone channels. The frequency
for each channel is control by writing a 12-bit tone period value
to registers in the PSG. The tone period is inversely related to
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the tone frequency (pitch) by the following forumlae:
Frequency = 111861 / Tone Period equ., 7.2,1.1-1
Tone Period = 111861 / Frequency equ. 7.2.1,1-2

The second equation above will be the more useful. For
example, suppose the PSG is to sound the frequency 261.624 hertz
(middle C). Since the frequency is known and a tone period is
needed for the PSG register, equation 7.2.1.1-2 is applied:

Tone Period
Tone Period
Tone Perioed

111861 / 261.624
427.56
428 (rounded)

wonn

Note the final result must be rounded because an integral tone
period value is written to the PSG. Since the result was rounded,
a slight frequency error will occur. The exact frequency produced
can now be computed using equation 7.2.1.1-1. In this instance
the tone period is known, and the exact frequency is not' known.

Frequency = 111861 / 428
Frequency = 261,357

A tone period value of 0 is used to turn off a tone channel.

The value 111861 is dependent on the PSG clock. The
3.579545Mhz color burst clock from VDP pin 38 is divided by two
yielding a 1.7897725Mhz PSG clock. The PSG internally divides
this clock by 16 yielding a final value of 111860.78 which is
rounded to 111861,

The PSG tone period registers are 12 bit registers. The tone
period values are passed in register HL. No checking is done to
insure the values passed do not exceed 4095 (12 bits). Each of
the PSG tone period register maintenance routines are described
below:

7,2.1.1.1 Channel A Tone Pericd Registers

The PSG register maintenance routines for the Channel A Tone
Period Registers are PS,WTA (Write Tone period A) and PS.RTA
(Read Tone period A).

Tu2a1lulslel PSWTA

PS.WTA will write the 12-bit tone period value passed in
register HL to PSG register 0 (low order or fine value) and
register 1 (high order or coarse value).
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To cause PSG tone channel A to sound Middle C, the following
calling sequence could be used:

LXI HL,428 ;11861/261.624
CALL PS.WTA

After this call, PSG tone channel A will be set to the
frequency 261.357. No sound will be produced until the channel is

enabled for output (see 7.2.1.6) and the proper amplitude is set
{see T.2:1.2:1)%

T+2:1:1:1+2 PS,RTA

PS.RTA returns the current tone period value for channel A
in register HL. The fine value (contents of PSG register 0) is
placed in register L, and the 4-bit coarse value (contgnts of PSG
register 1) is placed in register H.

To read current tone period for channel A, the following
calling sequence could be used:

CALL PS.RTA

After this call register HL will contain the current tone
period value for channel A,

7.2.1.1.2 Channel B Tone Period Registers

The PSG register maintenance routines for the Channel B Tone
Period Registers are PS.WTB (Write Tone period B) and PS.RTR
(Read Tone period B).

7.2.1.1.2‘1 PS.“I’TB

PS.WTB will write the 12-bit tone period value passed in
register HL to PSG register 2 (low order or fine value) and
register 3 (high order or coarse value).

To cause PSG tone channel B to sound A-440 (440 hertz), the

following calling sequence could be used:

LXI HL, 254 ;11861/440
CALL PS.WTB
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After this call, PSG tone channel B will be set to the
frequency 440.398. No sound will be produced until the channel is
enabled for output (see 7.2.1.6) and the proper amplitude is set
(8ee T7:2,1:2.2).

T:2:1:3.2,2 PB.RIE

PS.RTE returns the current tone period value for channel B
in register HL. The fine value (contents of PSG register 2) is
placed in register L, and the A-bit coarse value (contents of PSG
register 3) is placed in register H.

To read current tone period for channel B, the following
calling sequence could be used:

CALL PS.RTB
E
After this call register HL will contain the current tone
period value for channel B.

7.2.1.1.3 Channel C Tone Period Registers

The PSG register maintenance routines for the Channel C Tone
Period Registers are PS.WTC (Write Tone period C) and PS.RTC
(Read Tone period C).

7.2.1:1.3:,1 PB.WIC

PS.WTC will write the 12-bit tone period value passed in
register HL to PSG register 4 (low order or fine value) and
register 5 (high order or coarse value).

To cause PSG tone channel C to sound Middle C, the following
calling sequence could be used:

i HL, 428 ;11861/261.624
CALL PS.WTC

After this call, PSG tone channel C will be set to the
frequency 261.357. No sound will be produced until the channel is
enabled for output (see 7.2.1.6) and the proper amplitude is set
{8ee T.2:1:2:3) 4
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Ts2alwle3.2 PS,RTC
PS.RTC returns the current tone period value for channel C
in register HL. The fine value (contents of PSG register 4) is

placed in register L, and the 4-bit coarse value (contents of PSG
register 5) is placed in register H.

To read current tone period for channel C, the following
calling sequence could be used:

CALL PS.RTC

After this call register HL will contain the current tone
period value for channel C.

7.2.1.2 Amplitude Control Registers .

.

The amplitude for each of the three tone channels is
controlled by writing an amplitude control mask to the Amplitude
Control Register for that channel. The amplitude control mask
allows for two modes of operation. A channel can either have a
fixed amplitude value, or be placed under control of the envelope
generator. Bit 4 of the amplitude control mask selects the mode
of operation. If bit 4 is ON (PS.VLA in PSGDEF.ACM), the channel
amplitude is placed under the control of the envelope generator
(see 7.2.1.4). All other bits in the amplitude control mask are
ignored in this mode. If bit 4 is OFF (PS.FLA in PSGDEF.ACM),
then the amplitude level is set by the low order 4 bits of the
amplitude control mask. This mode allows for 16 logarithmically
related amplitude steps. Since the human ear responds
logarithmically to amplitude changes, these steps will be heard
as 16 equally stepped changes in amplitude.

The routines to maintain the Amplitude Control Register for
each of the channels are described below:

7.2.1.2.1 Channel A Amplitude Control Register

The PSG register maintenance routines for the Channel A
Amplitude Control Register are PS.WAA (Write channel A Amplitude
control register) and PS.RAA (Read channel A Amplitude control
register).

Tei2ale2lel PS.WAA

PS.WAA will write the amplitude control mask passed in
register A to the PSG Channel A Amplitude Register (register Bls
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To set channel A's amplitude at maximum value, the following
call could be made:

MV A,PS.FLA+15
CALL PS.WAA

After this call, the channel A amplitude will be at its
maximum level and not under the control of the envelope
generator,

7.2.1.2.1.2 pS.RAA

PS.RAA returns the current amplitude control mask for
channel A in register A,

To read the current amplitude control mask for channel A,
the following call could be made:

CALL PS.RAA

After this call, register A will contain the current
amplitude control mask for channel A.

7.2.1.2.2 Channel B Amplitude Control Register

The PSG register maintenance routines for the Channel B
Amplitude Control Register are PS.WBA (Write channel B Amplitude
control register) and PS.RBA (Read channel B Amplitude control
register).

Telelededal: PSS WBA

PS.WBA will write the amplitude control mask passed in
register A to the PSG Channel B Amplitude Register (register 2).

To set channel B's amplitude under the control of the

envelope generator, the following call could be made:

MVI A,PS.VLA
CALL PS.WBA

After this call, channel B's amplitude will be under the
control of the envelope generator.
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VuBeleZe2e2. PSJBRBA

PS.RBA returns the current amplitude control mask for
channel B in register A,

To read the current amplitude control mask for channel B,
the following call could be made:

CALL PS.RBA

After this call, register A will contain the current
amplitude control mask for channel B.

7+2.1.2.3 Channel C Amplitude Control Register

The PSG register maintenance routines for the Channel C
Amplitude Control Register are PS.WCA (Write channel C Amplitude
control register) and PS.RCA (Read channel C Amplitude control
register).

7.2.1.2.3.1 PS.WCA

PS.WCA will write the amplitude control mask passed in
register A to the PSG Channel C Amplitude Register (register 10n).

To set channel C's amplitude at maximum value, the following

call could be made:

MVI A,PS.FLA+15
CALL PS.WCA

After this call, the channel A amplitude will be at its
maximum level and not under the control of the envelope
generator.

7+:2.1,2.3.2 PS.RCA

PS.RCA returns the current amplitude control mask for
channel C in register A,

To read the current amplitude control mask for channel (&
the following call could be made:
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CALL PS.RCA

After this call, register A will contain the current
amplitude control mask for channel C,

7.2.1.3 Noise Generator Register

The PSG has a white noise generator. The noise frequency is
controlled by writing a 5-bit noise period to the Noise Period
Register. Equations 7.2.1.1-1 and 7.2.1.1-2 apply to frequency
and period calculations for the noise generator. The 5-bit noise
period is passed in register A. The Noise Period Register may be
read or written with the routines described below:

7.2.1.3.1 PS.WNP

PS.WNP will write the 5-bit noise period passed in register
A to PSG register 6 (Noise Period Register).

To set the noise frequency to 10 Khz, the following call

could be made:

MVI A,l1 ;111861/10000
CALL PS5.WNP

After this call, the noise frequency will be set to
10.169 Khz. Before noise will be heard, the noise generator must
be enabled for each channel where noise is to be heard (see
Va2adlie) o

7.2.1.3.2- PS.RNP
PS.RNP returns the current noise period value in register A,
To read the current noise period, the following call could
be made:

CALL PS.RNP

After this call, register A will contain the noise period.
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7.2.1.4 Envelope Generator

The envelope generator consists of two parts: an envelope
period value and an envelope shape/cycle control mask.

The envelope period value controls the duration of the
envelope, and the envelope shape/cycle control mask is used to
define the envelope's shape and whether or not the envelope
repeats. A complete description of the Envelope Period Register
and the Envelope Shape/Cycle Register follows:

7.2.1.4.1 Envelope Period Registers

The PSG register maintenance robtines for the Envelope
Period Registers are PS.WEP (Write Fnvelope Period registers) and
PS.REP (Read Envelope Period registers).

The envelope period value is a 16-bit value. The envelope
period is inversely related to the envelope frequency by the
following formulae:

Frequency = 6991 / Envelope Period equ. 7.2,1.4-1
Envelope Period = 6991 / Frequency equ. 7.2.1.4-2
Envelope Period = 6991 * Cycle Time equ., 7.2.1.4-3

Equation 7.2.1.4-2 will be the most useful equation when the
envelope is used to control a decaying sound.

Te2vledelal PB.WEP

PS.WEP writes the l6-bit tone period value in register HL to
PSG register 11 (low order or fine value) and register 12 (high
order or coarse value).

To write the envelope period value for a decaying sound

which will last 2 seconds the following call could be made:

LXT HL,13882 ; 6991%2
CALL PS.WEP

After this call, the Envelope Period Registers will be set
for a 2 second period.
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Te2.1lsdel.2 PS.REP

. PS.REP returns the current envelope periocd value in register
HL. The fine value (contents of PSG register 11) is placed in
register L, and the coarse value (contents of PSG register 12) is
placed into register H.

To read the current value of the Envelope Period Registers,
the following call could be made:

CALL PS.REP

After this call register HL will contain the current
envelope period value.

7.2.1.4.2 Envelope Shape/Cycle Control Register

The Envelope Shape/Cycle Control Register contains a 4-bit
mask which controls the shape and cycling of the envelope. The
function of each of the bits in the mask is described below (the
bit name from PSGDEF.ACM is enclosed in parenthesis):

BIT 0 (PS.HLD) ON: Limit envelope to one cycle.
OFF: Do not limit envelope to one cycle.
BIT 1 (PS.ALT) ON: Reverse counter direction at cycle end.
OFF: Do not reverse counter direction.
BIT 2 (PS.ATT) ON: Start counter direction up.
OFF: Start counter direction down.
BIT 3 (PS.CNT) ON: Start cycle over if bit 0 not ON.
OFF: Reset counter to zero after one cycle
and hold.

The PSG register maintenance routines for the Envelope
Shape/Cycle Control Register are PS.WEC (Write Envelope
shape/cycle Control Register) and PS.REC (Read Envelope
shape/cycle Control register).

7.2.1.4.2.1 PS.WEP

PS.WEP will write the Envelope Shape/Cycle Control Register
(register 13) from the value passed in register A.

To set the envelope shape/cycle to a one cycle decay the
following call could be made:
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MVI A,PS.HLD
CALL PS.WEP

After this call the Envelope Shape/Cycle Control Register
will be set to decay for one cycle. This shape/cycle will control
the amplitude of all channels which have enabled the envelope
generator in their respective Amplitude Control Register (see
72:2:1:2) 5

7.2.1.5 Parallel Ports

The PSG has two 8-bit parallel ports, each of which are
capable of either input or output. Two bits from each port are
brought out to each joystick connector as follows:

*

Bit Jozstick
0 1
1 1
2 2
3 )
4 3
5 3
6 4
7 4

For detailed information on interfacing to the parallel
ports refer to section L

Software support for reading and writing the parallel ports
is described below:

Ts2.le5.1 Parallel Part A

The PSG register maintenance routines for parallel port A
are PS.WPA (Write Parallel port A) and PS.RPA (Read Parallel port
A)-
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7524165141 PS.WPA
PS.WPA writes the 8-bit value passed in register A to
parallel port A. In order for this operation to work properly,
parallel port A must have been enabled for output (see 7.2,1.6).
The following call could be made to set all bits on parallel
port A:

MVI A,11111111B
CALL VP.WPA

After this call, all bits on parallel port A will be ON.

7+2+1:5:1.2 PS.RPA
PS.RPA returns the data on parallel port A in reégister A. In

order for this operation to work properly, parallel port A must
have been enabled for input (see 7.2.1.6).

7.2.1.5.2 Parallel Port B

The PSG register maintenance routines for parallel port B
are PS,WPB (Write Parallel port B) and PS.RPB (Read Parallel port
B} .

7+2s1«B8:2«1 P5.WEB
PS.WPB writes the 8-bit value passed in register A to
parallel port B. In order for this operation to work properly,
parallel port B must have been enabled for output (see 7.2.1.6).
The following call could be made to clear all bits on

parallel port B:

XRA A ;CLEAR REGISTER A
CALL PS.WPB

After this call, all bits on parallel port B will be OFF.

7.2.1.5.2.2 PSIRPB

PS.RPB returns the data on parallel port B in register A. In
order for this operation to work properly, parallel port B must
have been enabled for input (see 7.2.1.6).
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7.2.1.6 PSG Enable Register

The PSG Enable Register controls the direction of the
parallel ports and the three channels by enabling noise and tone
on the channels. The PSG Enable Register is loaded with an 8-bit
mask. The bit meanings of the mask are described below:

BIT 0 (PS.ETA) ON: Enable tone on channel A.
(PS.DTA) OFF: Disable tone on channel A.

BIT 1 (PS.ETB) ON: Enable tone on channel B.
(PS.DTB) OFF: Disable tone on channel B.

BIT 2 (PS.ETC) ON: Enable tone on channel C.
(PS.DTC) OFF: Disable tone on channel C,.

BIT 3 (PS.ENA) ON: Enable noise on channel A.
(PS.DNA) OFF: Disable noise on channel A,
BIT 4 (PS.ENB) ON: Enable noise on channel B.

(PS.DNB) OFF: Disable noise on channel B,

BIT 5 (PS.ENC) ON: Enable noise on channel C.
(PS.DNC) OFF: Disable noise on channel C.

RIT 6 (PS.PAI) ON: Enable parallel port A for input.
(PS.PAQ) OFF: Enable parallel port A for output.

BIT 7 (PA.PBI) ON: Enable parallel port B for input.
(PA.PBO) OFF: Enable parallel port B for output.

All other registers are usually initialized before the
Enable Register is written. If the parallel ports are not being
used, it is advisable to enable them for input. The PSG register
maintenance routines for the Enable Register are PS.WER (Write
Enable Register) and PS.RER (Read Enable Register).

T:2.1.6.1 P5.WER

PS.WER writes the 8-bit enable mask passed in register A to
the PSG Enable Register.

Assuming the parallel ports are not needed, the following
call could be made to set both parallel ports for input (allowing
for accidental shorts), noise on channel B, and tone on channel
A
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MVI A,PS,PAI+PS,.PBI+PS,ENB+PS.ETA
CALL PS.WER

After this call both parallel ports will be enabled for
input, channel B will be enabled for noise only, and channel A
will be enabled for tone, If the other registers have been set
properly and the audio cable is connected to an amplifier, the
PSG will generate sound.

7.2.2 Sound Effect Examples

There are 4 ACM files which contain sound effect examples
which closely follow the examples in chapter 6 of the PSG data
sheet. These sound effects can be included in a program by using
an XTEXT statement. The sound effects are written as subroutines.
For example, the XTEXT statement for the sound effect should not
appear in the main line program. A CALL statement for the sound
effect should be used to invoke a sound effect subroutine. Each
of the sound effects is described below:

7.2.2.1 Laser Sound Effect

This sound effect is in the file LASER.ACM. To use this
sound effect, XTEXT the file LASER.ACM outside of the main line
code. Whenever this sound effect is desired, CALL the subroutine
LASER.

7.2.2.2 Whistling Bomb Effect

This sound effect is in the file WBOMB.ACM. To use this
sound effect, XTEXT the file WBOMB.ACM outside of the main line
code. Whenever this sound effect is desired, CALL the subroutine
WBOMR.

7.2.2.3 Wolf Whistle Sound Effect

This sound effect is in the file WOLF.ACM. To use this sound
effect, XTEXT the file WOLF.ACM outside of the main line code.
Whenever this sound effect is desired, CALL the subroutine WOLF.

7.2.2.4 Race Car Sound Effect

This sound effect is in the file CAR.ACM. To use this sound
effect, XTEXT the file RACECAR.ACM outside of the main line code.
Whenever this sound effect is desired, CALL the subroutine CAR.
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7.3 The AD7574 Analog to Digital Converter (A/D)

This section describes the programming of the 8 channel A/D.
The software support consists of two files: ADDEF.ACM and
ADIO.ACM., There is actually only one A/D on the HA-8-3. The 8
channels are obtained by using an 8 channel multiplexer.

The A/D generates an eight bit unsigned number based on the
relationship of its input voltage to a reference voltage. The
closer the input voltage to the reference voltage the higher the
number generated, until eventually the input voltage equals the
reference voltage and the A/D returns a value of 255, The formula
which governs the number generated 152 :

Number = (Vin / Vref) * 255 equ. 7.3-1
or simply
Number = (Input Voltage / 10) * 255
Voltages which slightly exceed the reference voltage will
convert to 255, voltages which greatly exceed the reference

voltage may damage the A/D.

The only routine required to support the A/D is AD.RD.

Tw31 ADWRD

AD.RD converts the voltage on the analog channel passed in
register L to a number and returns the number in register A. The
following call could be made to read the voltage on analog
channel 3:

MVI L,3
CALL AD.RD

After this call, register A contains the number based on
equation 7.3-1 where Vin is the voltage on analog channel 3.

7.4 The 9511A Arithmetic Processing Unit (APU)

This section describes the support software for the APU. The
files APUDEF.ACM and APUIO.ACM contain the software support for
the APU.

Currently there are no support routines for the 9512.
However its operation is very similiar to the 9511A.
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The APU contains a status register, command register, and an
operand stack. Two terms are used to describe the elements on the
stack, they are: TOS (Top Of Stack) which stands for the top
element on the stack, and NOS (Next On Stack) which stands for
the element just beneath the TOS,

The software support routines for the status register,
command register, and operand stack are described below:

7.4.1 The Status Register

The APU contains a status register which contains status
information for the APU. The status register is an 8-bit register
with the following bit definitions:

7.4.1.1 Carry/Borrow (BIT 0)

When this bit is ON, the previous operation resulted in a
carry or borrow from the most significant bit. This bit is valid
only after the completion of a command, The bit name from
APUDEF.ACM is AP.CRY,

7.4.1.2  Effoy Code (BITS 4-1)

These bits indicate the error status after the completion of
a command. These bits are valid only after the completion of a
command. To select the error code from the status byte, use the
mask value AP.ERC in APUDEF,ACM. Once the error code is selected,
the error code bits have the following meaning:

0000 - No FError has occurred.

1000 (AP.DZE) - Divide by zero error.

0100 (AP.SRN) - Square root or log of negative number.
1100 (AP.ARG) - Arg to inverse sin, cos, or exp too large.
XX10 (AP.UFL) - Underflow has occurred.

XX01 (AP,OFL) - Overflow has occurred.

T+4:1:3  Ze¥e (BIT 5]

When this bit is ON, the result of the previous operation
was zero. This bit is valid only after the completion of a
command. The bit name from APUDEF.ACM is AP.ZER.
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7.4.1.4 Sign (BIT 6)

When this bit is ON, the result of the previous operation
was negative. This bit is valid only after the completion of a
command. The bit name from APUDEF.ACM is AP.NEG,
7.4.1.5 Busy (BIT 7)

When this bit is ON, the APU is currently executing a

command and the other bits in the Status Register are not
defined. The bit name from APUDEF.ACM is AP.BSY.

7.4.2 Status Register Software Support Routine

The software support routine for the status register is
AP.STS (get STatuS register).
7.4.2.1 AP.S5TS

This routine will return the APU status register in register
A.

The following code could be used to read the APU status
register and check to see if an argument was too large.

APUBSY CALL AP.STS

MOV B,A

ANI AP.BSY
JINZ APURSY
MOV A,B

ANT AP.ERC
CPI AP.ARG
J2 TOOLRG

After this code, register A contains the error number, and
register B contains the Status Register. Note the loop to wait
until the operation is complete. Without this loop the other bits
in the Status Register may not have been valid.

7.4.3 The Command Register

To use the APU, the operand(s) for an operation are placed
on the operand stack and a command byte is written to the Command
Register.

A list of the- APU commands, the command name from
APUDEF.ACM, and a brief description of the commands follows:
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Mneumonic Value Summary Description

16-bit Fixed-point Operations

AP.SADD 6C NOS = TOS + NOS ; POP
AP,SSUB 6D NOS = NOS - TOS ; POP
AP.SMUL 6E NOS = LOW (NOS * TOS) ; POP
AP.SMUU 76 NOS = HIGH (NOS * TOS) ; POP
AP.SDIV 6F NOS = INT (NOS / TOS) ; POP

32-bit Fixed-point Operations

AP,.DADD 2€C NOS = TOS + NOS ; POP
AP.DSUB 2D NOS = NOS - TOS ; POP
AP.DMUL 2E NOS = LOW (NOS * TOS) ; POP
AP.DMUU 36 NOS = HIGH (NOS * TOS) ; POP
AP.DDIV 2F NOS = INT (NOS / TOS) ; POP

32-bit Floating-point Primary Operations

AP.FADD 10 NOS = TOS + NOS ; POP
AP,FSUB 11 NOS = NOS - TOS ; POP
AP.FMUL 12 NOS = NOS * TOS ; POP
AP.FDIV i3 NOS = NOS / TO& ; POP

32-bit Floating-point Derived Operations

AP.SQORT 01 TOS = SQRT (TOS)

AP.SIN 02 TOS = SIN (T0S) [TOS in radians]
AP.COS 03 TOS = COS (T0S) [TOS in radians]
AP.TAN 04 TOS = TAN (T0S) [TOS in radians]
AP.ASIN 05 TOS = ARCSIN (TOS)

AP.ACQOS 06 TOS = ARCCOS (TOS)

AP.ATAN 07 TOS = ARCTAN (TOS)

AP.LOG 08 TOS = LOG10 (TOS)

AP.LN 09 TOS = LN (TOS)

AP.EXP 0A TOS = EXP (TO0S)

AP.PWR 0B NOS = NOS ** TQOS ; POP
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Data and Stack Manipulation Operations

AP.NOP 00

AP.FIXS 1F TOS = FIXS (TOS [floating])
AP.FIXD 1E TOS = FIXD (TOS [floating])
AP.FLTS 1D TOS = FLTS (TOS [fixed single])
AP.FLTD ic TOS = FLTD (TOS [fixed doublel)
AP,CHSS 74 TOS = -TOS [fixed single]
AP.CHSD 34 TOS = -TOS [fixed double]
AP.CHSF 15 TOS = -T0S [floating]

AP.PTOS F7 PUSH ; TOS = NOS [fixed single]
AP.PTOD B7 PUSH ; TOS = NOS [fixed double]
AP.PTOF a7 PUSH ; TOS = NOS [floating]

AP, POPS 78 POP [fixed single]

AP.POPD 38 POP [fixed double]

AP. POPF 18 POP [floating]

AP. XCHS Fo XCHG (TOS,NOS) [fixed single]
AP.XCHD 39 XCHG (T0OS,NO0S) [fixed double]
AP, XCHF 19 XCHG (TOS,N0S) [floating]

AP, PUPI 12 PUSH ; TOS = 3.1415926

7.4.4 Command Register Software Support Routine

The software support routine for the command register is
AP.CMD (write CoMmanD).

7.4.4.1 AP.CMD

This routine will write the command passed in register A to
the APU Command Register.

The following call could be made to push PI on the stack:

MVI A,AP,PUPI
CALL AP.CMD

After this code is executed, the APU T0S will contain the
floating-point value PI (3.1415926).

7.4.5 Operand Stack Software Support Routines

The software support routines for the operand stack can be
broken into a 16-bit group and a 32-bit group. When an operand
transfer involves memory, register HL points to the low order
byte in memory. Operand bytes are stored in ascending order of
significance. For example, as the memory address increases, the
operand bytes go from low order to high order.
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7.4.5.1 16-bit Operand Group

~ The 16-bit operand group allows for the operand to be stored
directly in register HL or allows register HL to contain the
address of the operand in memory.

7.4.5.1.1 16-bit Register Operand Group

In this group register HL contains the data involved in the
stack transfer. There are two operations in this group: AP.LSR
(Load Single precision operand.to Register HL), and AP.SSR (Store
on stack Single precision operand from Register HL).
7.4.5.1.1.1 AP.LSR

AP.LSR stores the fixed-point single precision TOS to
register HL. The operand stack is POP'ed by this operation.

T+4.5,1.1.2 AP.ESR

AP.SSR PUSH'es onto the operand stack the fixed-point single
precision value passed in register HL.

7.4.5.1.2 16-bit Memory Operand Group

In this group register HL contains the memory address of the
data involved in the stack transfer. There are two operations in
this group: AP.LSO (Load Single precision Operand to memory), and
AP.SSO (Store on stack Single precision Operand from memory).

7.4.5.,1.2,1 AP.LSO

AP.LSO stores the single precision fixed-point TOS to the
memory location pointed to by register HL. The operand stack is
POP'ed by this operaion.
7.4.5.1.2.2 AP.SSO

AP.SSO PUSH'es the single precision fixed-point pointed to
by register HL onto the operand stack.
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7.4.5.2 32-bit Operand Group

The 32-bit operand group is used to PUSH and POP 32-bit
operands. No distinction is made between 32-bit fixed-point
operands and 32-bit floating-point operands. The exponent of
floating-point operands is treated as the most significant byte.

There are two operations for the 32-bit operand group:

AP.LDO (Load Double Operand from stack), and AP.SDO (Store Double
Operand on stack).

7.4.5.2.1 AP.LDO

AP.LDO loads the 32-bit TOS to the memory pointed to by
register HL. The operand stack is POP'ed by this operation.

7.4.5.2,2 AP.SDO

AP.SDO PUSH'es the 32-bit operand pointed to by register HL
to the operand stack.
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8 Theory of operation

The HA-8-3 Color Graphics Board consists of six major
functions:

1) H8 bus interface

2) Device select

3) Video Display Processor (VDP)

4) Programmable Sound Genérator (PSG)

5) Analog to Digital Converter (A/D)

6) Optional Arithmetic Processor Unit (APU)

Refer to the schematic of the HA-8-3 when reading the
following theory of operation.

8.1 H8 Bus Interface

The high order eight bits (same as low order eight bits for
I/0 operations) of the address bus (A7 - A0) are buffered by U6.
The high order seven bits (A7 - Al) are used only by the device
select logic (see section 8.2). The eighth bit (A0) is used by
the VDP, PSG and APU to select internal control or data
registers.

The data bus (D7 - D0) is buffered by the bidirectional bus
drivers Ul9 and U20. The direction of these drivers is controlled
by U8 pin 11. When an I/O read operation is in progress (Ul2 pin
4) and the board is selected (Ul8 pin 6) then Ul9 and U20 buffer
the internal data bus onto the H8 data bus. Otherwise, Ul9 and
U20 buffer the H8 data bus onto the internal data bus.

There are four bus control signals which are buffered by
Ul2. These control signals are: I/O read (Ul2 pin. 3), I/0 write
(Ul2 pin 92), Reset (U1l2 pin 13), and the system clock (Ul2 pin
132

The HA-8-3 uses wait states to synchronize slow operations
with the H8 bus. The longest wait state (20 microseconds) is
generated by the A/D. A request for a wait state is made at U18
pin 8. This in turn causes the open-collector buffer at U25 pin 6
to bring the "READY IN" bus line low. This causes a wait state to
be generated by the CPU,

The remaining five open-collector buffers of U25 are used
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for interrupts. The VDP and APU can each produce interrupts. An
interrupt request by the VDP causes U25 pin 8 to be brought low.
An interrupt request by the APU causes U25 pin 10 to be brought
low. There are also three user interrupt requests provided for.
The outputs of these open-collector buffers are brought to the
interrupt select grid. Jumpers must be installed from the
interrupt source to the desired interrupt request number. Since
interrupts are not used by the supplied software, no interrupts
are factory set, and no interrupt numbers have been assigned to
the HA-8-3. This facility is made available in case user written
software requires it,

8.2 Device Select

The high order seven address bits (A7 - Al) are decoded to
form a three digit octal I/0 address. Since the eighth (low
order) address bit (A0) is used to select a control or data
function, it is not decoded. Therefore only even/odd pairs of
addresses are decoded.,

The seven high order address bits are decoded by U4 and U5
only when the "Board Enable" jumper is "ON" and there is an 1/0
operation in progress. The board comes with the jumper for
"Board Enable" set to "ON". An I/0 operation is detected at U2
pin 11 whenever an I/0 read (Ul2 pin 4) or an I/0 write (Ul2 pin
8) occurs.

The two high order address bits (A7 and A6) are decoded by
U5. These output are brought out to the "pDXX" select grid at
"OXX", "1XX", "2XX", and "3XX". The high order digit of the octal
1/0 address for each device is set by jumpering the "DXX" pads
labeled "vDP", "PSG", "APU", and "A/D" to "OXX", WigHn, m2XXT, or
m3xx". Since the assigned high order digit for all devices is 2,
there is a factory installed jumper to waxx® for all four
devices.

In a similar manner, the next three address bits (A5 - A3)
are decoded by U4. The decoded output are brought out to the
"XDX" select grid at "XO0X", "X1X", ..., "X7X". The middle digit
of the octal I/0 address for each device is set by jumpering the
"XDX" pads labeled "yDP", "PSG", "APU" and "A/D" to the decoded
address output which corresponds to the middle digit of the I/0
address. Since the assigned middle digit for all devices is 7,
there is a factory installed jumper to sugx%® for all-folr
devices.

Finally, the low order digit of the octal I/0 address is
decoded by US5. Since the low order address bit (AO0) is not
decoded, even/odd address pairs are decoded. The decoded outputs
are brought out to the T¥¥D" grid at "XXo%, wxxoW, ewy¥xaAr. and
"YX6". The low order digit of the octal I/0 address for each
device is set by jumpering the "XXD" pads labeled "VDP", "PSG",
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"APU", and "A/D" to the decoded address output which corresponds
to the low order digit of the octal I/0 address. The assigned I/0
address of the VDP is 270Q. There is a factory installed jumper
from "XX0" to "VDP" on the "XXD" grid. The assigned I/0 address
of the PSG is 2720Q0. There is a factory installed jumper from
"XX2" to "PSG" on the "XXD" grid. The assigned I/0 address of the
APU is 274Q, There is a factory installed jumper from "XX4" to
"PSG" on the "XXD" grid. The assigned I/O address of the A/D is
276Q. There is a factory installed jumper from "XX6" to "PSG" on
the "XXD" grid,

8.3 Video Display Processor Section

The VDP section of the HA-8-3 consists of a TMS-9918BA (Ul4),
eight 4116 150ns Dynamic RAMS (U26 - U33), and a video amplifier
(Ql - Q4). Timing for the VDP section is derived from a 10.73863%
Mhz crystal (three times the color burst frequency). The crystal
can be trimmed by adjusting C6.

Note that in the documentation for the TMS-9918A, the
designation for a low order bit is opposite that of all other
components on the HA-8-3, A "7" is used to designate the low
order bit, while a "0" designates the high order bit.

The "CSW" pin of the TMS-9918A (Ul4 pin 18) is used to
select the TMS-9918A for a write operation. U8 pin A detects when
the TMS-9918A is selected and an I/0 write operation is in
progress.

The "CSR" pin of the TMS-9918A (Ul4 pin 15) is used to
select the TMS-9918A for a read operation. U8 pin 8 detects when
the TMS-9918A is selected and an I/0 read operation is in
progress.

The "MODE" pin of the TMS-9918A (Ul4 pin 13) is used to
select a control or data operation. This pin is connected to the
low order address bit (AQ).

The video amplifier in the VDP section buffers the composite
video output of the TMS-9%9918A (Ul4 pin 36). In order to interface
to as many different devices as possible (color monitors, RF
modulators, video tape recorders, etc.) the video amplifier has
adjustments for peak to peak output voltage (R3), and the DC bias
voltage (R1l). The output impedance of the video amplifier is 75
ohms.

8.4 Programmable Sound Generator Section

The PSG section of the HA-8-3 consists of an AY-3-8910 (Ul)
and associated timing circuitry. The AY-3-8910 contains three
tone generators, two 8 bit parallel I/0 ports, one noise
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generator, and one envelope generator. The two parallel I/0 ports
are brought out to the four joystick connectors.

Two bits from each of the two ports are brought out to each
joystick. If one port is set up for input and the other for
output, then each joystick can have two bits of input for
switches, and two bits of output for LEDs.

The clock for the AY-3-8910 (Ul pin 22) is derived from the
color burst clock on the TMS-9918A (Ul4 pin 38). The buffered
3.579545 Mhz clock is divided by U7 to produce the 1.7897725 Mhz
clock for the AY-3-8910. This is the clock frequency used in the
examples in the AY-3-8910 data sheet.

Due to the data bus setup and hold requirements of the
AY-3-8910, the PSG section requires that wait states be added to
1/0 operations. This timing is generated by U3 and associated
circuitry.

8.5 Analog to Digital Converter Section

The A/D section of the HA-8-3 consists of an AD7501 or
AD7503 8 channel analog multiplexer (Ul7 and U24), a buffer
amplifier (U22), an AD7424 Analog to Digital Converter (U23), and
associated timing circuitry (around U35). The eight analog
channels are brought in from the 4 joystick connectors.

The A/D uses a successive approximation technique to convert
the analog voltage to a digital number. A conversion requires
approximately 20 microseconds. During the conversion, the
associated timing circuity of the A/D places the CPU in a wait
state,

To use the A/D, a 3-bit channel number is first written to
the A/D I/0 port to select a channel. Before an A/D conversion
can begin, time must be given for the analog multiplexer to
switch and for the buffer amplifier to settle. This requires a
total of 35 microseconds. This 35 microsecond delay is not
required if the analog channel is not changed.

8.6 Arithmetic Processor Section

The HA-8-3 allows for the use of either the 9511A or 9512
Arithmetic Processor Unit (U21). Depending on the operation, the
APU may inject up to 6 wait states (U2l pin 17 and U36).
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9 Warranty and Service

The HA-8-3 Color Graphics Board is fully warranted against
electrical failure for a period of 90 days after date of
purchase. This warranty is limited to electrical failure of the
HA-8-3, and does not cover physical damage to the HA-8-3 circuit
board, external amplifiers, monitors, RF modulators, video
recorders, or other devices attached to the HA-8-3. This warranty
does not cover the backplane or any other component of the
computer system. :

Should the HA-8-3 require service, mail it insured and
postage paid to:

New Orleans General Data Services, Inc.
7230 Chadbourne Drive
New Orleans, Louisiana 70126

It is recommended that the board be packaged carefully and
insured. If the HA-8-3 is under warranty, include a copy of the
sales receipt showing date and place of purchase. Warranty work
will not be performed unless a copy of the sales receipt is
enclosed.

The HA-8-3 will be repaired and returned via COD insured
first-class mail or UPS for parts, labor, and postage. Warranty
work will not be charged for labor or parts, but will be charged
for shipping and insurance. The current charge for labor on the
HA-8~3 is sixty dollars. This price is subject to change without
prior notice. A request for a price quotation may be made before
sending a board in for repair.

The above repair policy applies only to electrical failures.
Boards with physical damage will be repaired or returned without
repair at the discretion of New Orleans General Data Services,
Inc., depending on the nature of and severity of the physical
damage.
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FUNCTIONAL DIAGRAMS
AD7501, AD7503 EN A2 Al AD

o0 TTL/DTL TO CMOS LEVEL TRANSLATOR|
|+15v1°-! |

GND o—} [ DECODER/DRIVER ] l
| o i |
-15v1° I ﬂ I
J-———- i

our & T o

AD7502

g

Ton] |
(»15v:°—| [oTLrTi 70 cmos Lever TRanstaTOR |

GNDD—I r

=[]

DUT 51

DECODER/DRIVER l |
T

PIN CONFIGURATIONS (Top View)
AD7501, AD7503 AD7502

Vpp S1 OUT S2 S3 sS4 AD
0] [9

8 6
A A2 S8 S7 56 56 GND EN OUT S8 §7 S6 S5

=
[~]

N

o
m|
z

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices,

ABSOLUTE MAXIMUM RATINGS
(Ty = +25°C unless otherwise noted)

Vop =GN ..ol fan e e o s S e +17V
AHESTe) 1 SR S S S RN | .
V Between Any Switch Terminals. . . . ............. 25V
Switch Current (I, Continuous) ... ............ 3I5mA

Switch Current (Ig, Surge)

1ms duration, 10% dutycycle. . . ............ 50mA
Digital Input Voltage Range ............. Vpp to GND
Power Dissipation (package)
16 pin Ceramic DIP

VBEDATE © v s 55 wmmes ks § 955 & Piaras 450mW

Derates above +75°Cby.. . . ... ...... i v ¢ JOTWE G
16 pin Pla.stic DIP

Up to BRI 5 s, § £5 6 9.6 7 4 B oBa & § ~. 670mW

Derates above +70°Cby . . ... ... ovit ... 8.3mW/°C
Operating Temperature

PUISTIC. « & ¢ novonusintal v o ok 0 vom i b coimisiiot of e o 0 to +75°C

Ceramic (J, K Versions): . « v .« 4 vww vwa s -25°Cto +85°C

Ceramic (SVersion) s o s vl 5 s s o -55°Cto +125°C
Storage Temperature . . . . .. .......... -65°C to +150°C
CAUTION:

1. Do not apply voltages higher than Vpp and Vgg to any other terminal, especially
when Vgg = Vpp = 0V all other pins should be at 0V.

2. The digital control inputs are zener protected; however, permanent damage may
occur on unconnected units under high energy electrostatic fields. Keep unused
units in conductive foam at all times.

Route 1 Industrial Park; P.O. Box 280; Norwood, Mass. 02062

Tel: 617/329-4700 TWX: 710/394-6577
West Coast Texas

213/595-1783 214/231-5094

Mid-West
312/894-3300



SPEC'FICATION_§ (Vpp = +15V, Vgg = -15V unless otherwise noted)

f

| OVER SPECIFIED
| TEMP. RANGE
PARAMETER VERSION' SWITCH @25°C AD7501,
- » N CONDITION | AD7501, AD7503 AD7502 AD7503 AD7502 |TEST CONDITIONS
ANALOG SWITCH
Ron All ON 1708 typ, 30082 max * -10V < Vg < +10V
Ry vs- Vg All ON 20% typ * Ig = 1.0mA
Rgy Vs Temperature All ON 0.5%/°C typ * Vg = 0V, [ = 1.0mA
ARy Between Switches All ON 4% typ *
Rgy vs. Temperature Between
Switches All ON +0.01%/°C -
Ig LK OFF 0.2ZnA typ, Z2nA max b 50nA max  * Vg = -10V, Vo = +10V and
s OFF 0.5nA max : 50nA max  * Vg = +10V, Vgyr = -10V
lout i P OFF 1nA typ, 10nA max 0.6nA typ, 5SnA max | 250nA max 125nA max| Vg=-10V, Vgyr = +10V and
Vg = +10V, Vo= -10V
S OFF 5nA max 3nA max 250nA max 125nA max| AD7501: Enable HIGH
S AD7502, 03: Enable LOW
lloutr — Is| J,K ON 12nA max 7nA max 300nA max 175nA max| Vg=10
S ON 5.5nA max 3.5nA max 300nA max 175nA max
DIGITAL CONTROL
VL All 0.8V max ¥
Vinu ] 3.0V min i Note 2
K, S | 2.4V min *
InL or hng All 10nA typ &
. Cn All 3pF typ ¥
DYNAMIC CHARACTERISTICS®
ToN All 0.8us typ * Viy = 0 to +5.0V
TOFF All 0.8us typ % (See Test Circuit 2)
Cg All OFF 5pF wyp ad
Cour All OFF 30pF typ 15pF typ
Ce o All OFF 0.5pF typ *
Cgg Between Any Two Switches  All OFF 0.5pF typ .
POWER SUPPLY
Ibp 1.K 1uA typ, 100uA max * All Digital Inputs Low
Igs JLK 1pA typ, 100uA max -
Ibp 5 500pA max * 500uA max ¥
Iss S 500uA max * 5004A max *
Ibp ‘ ILK 200uA typ, SO0uA max * All Digital Inputs High
Isg 1K | 1pA typ, 100uA max *
Ibp S j 800pA max b 800uA max *
Isg S 1 800pA max * 800uA max *
NOTES:

*Same specifications as AD7501 and AD7503.
1]N, KN versions specified for 0 to +75°C; JD, KD versions for -25°C to +85°C; and SD versions for -55°C 1o +125°C. i
%A pullup resistor, typically 1-2k2 is required to make the AD7501], AD7502] and AD7503] compatible with TTL/DTL levels. The maximum value is

determined by the output leakage current of the driver gate when in the high state.

3 AC parameters are sample tested to ensure conformance to specifications.

Specifications subject to change without notice.
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ORDERING INFORMATION

Plastic Ceramic Operating
(Suffix N) | (Suffix D) Temperature Range
AD7501]N
AD7501KN 2
AD7503]N Ot +75°C
AD7503KN

AD7501JD

AD7501KD -2 :

AD7503JD -25 Cto +85 C

s AD7503KD

AD7501SD i 3

AD7503SD =55 Cto +125°C
AD7502]N 0t +75°C
AD7502KN

AD7502]D : .

AD7502KD -25 Cto +85 C

AD75025D -55°C to +125°C




1. Rgn As A Function Of Switch Voltage (Vg)
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TYPICAL SWITCHING CHARACTERISTICS

TEST CIRCUIT 1

+5V 0"

‘#N
AD7501 §
1) R (SR e (S
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

16-PIN CERAMIC DIP (SUFFIX D)

L ]
030782
0.28 (712)
HHHHHHHH
0.81(20.58) 012 (3.05)
0.77 (19.58) 0.06 1.63)
e .
0.7 {4.32)|
32| .
} “ S5 At} . oo 0305
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oy s UE R
_ﬂg (1.63) 0.02 (0.508) 0106 (2.67 0.308 (7.78)
0.045 (116] o5 0381 0,095 242) 0284 (747

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

16-PIN PLASTIC DIP (SUFFIX N)

0.26 (6.6}
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AD7574 Data Sheet

The following material is copyrighted by Analog Devices, Inc. It
is reprinted here with the permission of Analog Devices. This
data sheet may not be reproduced for any purpose in whole or part
without the expressed written consent of the copyright owner.



ANALOG
DEVICES

CMOS
up Compatlhle 8-Bit ADC

AD7574

PRELIMINARY TECHNICAL DATA

FEATURES -

8- Bit Resolution

No Missed Codes over Full Temperature Range
Fast Conversion Time: 15us

Interfaces to uP like RAM, ROM or Slow - Memory
Low Power Dissipation: 30mW

Ratiometric Capability

Single +5V Supply

Low Cost

Internal Comparator and Clock Oscillator

GENERAL DESCRIPTION _

AD 7574 is a low - cost, 8- bit 4P compatible ADC which uses
the successive - approximations technique to provide a con-
version time of 15 us.

Designed to be operated as a memory mapped input device,
the AD7574 can be interfaced like static RAM, ROM, or slow
memory. It’s CS (decoded device address) and RD
(READ/WRITE control) inputs are available in all uP memory
systems. These two inputs control all ADC operations such as
starting conversion or reading data. The ADC output data bits
use three - state logic, allowing direct connection to the uP
data bus or system input port.

Internal clock, +5V operation, on-board comparator and
interface logic, as well as low power dissipation (30mW) and
fast conversion time make the AD7574 ideal for most ADC/uP
interface applications. Small size (18 - pin DIP) and monolithic
reliability will find wide use in avionics, instrumentation, and
process automation applications.

ORDERING INFORMATION

Temperature Range and Package
Differential Nonlinearity Plastic Ceramic Ceramic
0°C to +70°C | -25°C10+85°C |-55°Cro +125°C
74 LSB AD7574]N 1AD7574AD | 'AD7574SD
+3/41.SB AD7574KN Y AD7574BD 'AD7574TD

Note 1: Available 100% screened to MIL-STD-883, Class B. To order, add */883B" to
part number shown. See note 6, page 2 for details.

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL DIAGRAM Voo ‘Vrer
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PIN CONFIGURATION s 2 e
vaer [2] ECLK
8ors [T] (e &=

ay 2] 5] AD
Aano [E] [1a] 605V
o8y Mse) [6] 73] o8g (L88)
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AD75T4
TOP VIEW

Route 1 Industrial Park; P.O.Box 280; Norwood, Mass. 02062

Tel: 617/329-4700 ' TWX: 710/394 - 6577
West Coast Texas

213/595-1783 214/231-5094

Mid - West
312/894 - 3300



CAUTION:

ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener
protected; however, permanent damage may occur on unconnected devices subject to high
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The
foam should be discharged to the destination socket before devices are removed.

DC SPECIFICATIONS (Vpp=+5V, VRgF=- 10V, Unipolar Configuration,
ReLk = 180ks2, Cgyk = 100pF, unless otherwise noted)

LIMITS
PARAMETER To= +25°C - Tma,xl UNITS CONDITIONS/COMMENTS
ACCURACY
Resolution 8 8 Bits
Relative Accuracy Error
AD7574]N, AD, SD 3y e LSB max
AD7574KN, BD, TD s 1lf LSB max Relative Accuracy and Differential Nonlinearity are measured
Differential Nonlinearity dynamically using the external clock circuit of Fig. 7b, page 6.
AD7574]N, AD, SD 7/ £ LSB max Clock frequency is 500kHz (conversion time 15us)
AD7574KN, BD, TD 13/, b/ LSB max g
Full Scale Error (Gain Error) Full Scale Error is measured after calibrating out offset error. See
AD7574]N, AD, SD 15 6.5 LSBE max Fig. 82 and associated calibration procedure for offset. Max Full
AD7574KN, BD, TD +3 4.5 LSB max Scale change from +25°C to Typiy OF Tpax is £2 LSB.
Offset Error®
AD7574]JN, AD, 5D 60 +80 mV max Maximum Offset change from +25°Cto
AD7574KN, BD, TD +30 5 mV max Tynin 0 Tmay i £20mV.
Mismatch Between Bgpg (pin 3)
and Ay (pin 4) Resistances *1.5 15 . %
ANALOG INPUTS
Input Resistance
At VREgF (pin 2) 5/10/15 5/10/15 k€2 min/typ/max
At Bggs (pin 3) 10/20/30 10/20/30 k2 min/typ/max
At Ap (pin 4) 10/20/30 10/20/30 k{2 min/typ/max
VREF (for specified performance) -10 -10 \4 +5% for specified transfer accuracy.
VREF Range* -5t0-15 -5 to~15 N Degraded transfer accuracy.
Nominal Analog Input Range
Unipolar Mode 0to +|VrgFl v
Bipolar Mode -IVREgF! to +IVREF! v
LOGIC INPUTS
RD (pin 15), CS(pin 16)
Vinp Logic HIGH Input Voltage +3.0 +3.0 V min
VN Logic LOW Input Voltage +0.8 +0.8 V max
Iy Input Current 1 10 MA max ViN =0V, Vpp
Cin  Input Capacitance® 5 5 pF max
CLK (pin 17) !
Viny Logic HIGH Input Volrage +3.0 +3.0 V min
Vinp Logic LOW Input Voltage +0.4 +0.4 V max
Ijnyy Logic HIGH Input Current +2 +3 mA max During Conversion: VIN(CLK)}VINH(CLK)
IiNy, Logic LOW Input Current 1 10 LA max During Conversion: Vin(cLK) S VINL(CLK)
(see circuit of Fig. 7b if external clock operation is required).
LOGIC OUTPUTS
BUSY (pin 14), DB; to DB (pins 6 -13)
VoH Output HIGH Voltage +4.0 +4.0 V min ISQURCE = 40uA
Vor, Output LOW Voltage +0.4 +0.8 V max Iging = 1.6mA
1L kG DB7 to DBy Floating Stage Leakage 1 10 MA max Vour =0V eorVpp
Floaring State Output Capacitance (DBy to DBp)* 7 7 pF max

Output Code

Unipolar Binary, Offser Binary

See Figs. 8a, 9a, 10a and 8b, 9b, 10b.

POWER REQUIREMENTS
Vbp +5 +5 A% +5% for specified performance.
Ipp (STANDBY) 5 3, mA max Ay = 0V, ADC in RESET condition.
IREF VREF divided by 5k{2 max Conversion complete, prior to RESET.
PRICE (§) MODEL 1-24 25-99 100 up
AD7574]N 12.50 10.00 7.50
AD7574KN 15.00 12.00 9.00
AD7574AD 14.50 12.00 9.50
AD7574BD 17.00 14.00 11.00
AD7574AD/883B° 21.50 18.00 14.50
AD7574BD/883B° 24.00 20.00 16.00
AD75745D 29.00 24.00 12.00
AD7574TD 34.00 28.00 22.00
AD7574SD/883B® 36.00 30.00 24.00
AD7574TD/883B° 41.00 34.00 27.00
Notes:

1. Temperature ranges as follows:
AD, BD (-25°Cto

N, KN (0°C to +70°C)
]

+85°C)

SD, TD (-55°C 1o +125°C)

2. Typical offset temperature coefficient is +150uV/°C.

w

circuit of Figure 9a, page 7.
4. Typical value, not guaranteed or subject to test.
. Guaranteed but not tested.

w

. RgoFs/Ra N mismatch causes transfer function rotation about positiv

e Full Scale. The effect is an offset and a gain term when using the

6. Screening to MIL-STD - 883 is available. /883B versions are 100% screened to method 5004 for a class B device. Final electrical tests are
performed at +25°C and +85°C (AD, BD versions) or +25°C and +125°C (SD, TD versions).

Specifications subject to change without notice.
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(Vpp =6V, CoLk = 100pF, Rk = 180k unless otherwise noted)

il AC _Sfpgi:ifications

LIMIT at LIMIT at

LIMIT at

SYMBOL SPECIFICATION Tp= +25°C TN R CONDITIONS
STATIC RAM INTERFACE MODE (See Figure 1 and Table 1)

Ies CS Pulse Width Requirement 100ns min 150ns min 150ns min

twscs RD to CS Setup Time 0 min 0 min 0 min

tCBPD CS to BUSY Propagation Delay ~ 90ns typ 70ns typ 150ns typ BUEY "
120ns max 120ns max 180ns max- DU Loal =20
120ns typ ~ 100ns typ 180ns typ s -
150nsmax  150msmax  200nsmax) BU>Y Load=100pF

tRSR BUSY to RD Setup Time 0 min 0 min 0 min

tRSCS BUSY to CS Setup Time 0 min 0 min 0 min

tRAD Data Access Time 120ns typ 100ns typ

150ns max 150ns max

180ns typ -
220me max | DBo - DBy Load = 20pF

240ns typ 220ms typ 300ns typ -
300ns max  300nsmax  400ns max} DB,j=DBg Load=100pF
tRHD Data Hold Time 80ns typ 40ns typ 120ns typ
50ns min 30ns min 80ns min
120ns max  80ns max 180ns max
tRHCS CS to RD Hold Time 250nsmax  200ns max  500ns max
tRESET Reset Time Requirement 3us min 3us min 3us min
tcoNVERT Conversion Time
using internal clock oscillator See typical data of Figure 7a ¢
tcONVERT Conversion Time foLk = 500kHz
using external clock 15us 15us 15us circuit of Figure 7b
ROM INTERFACE MODE (See Figure 2 and Table 2)
tRAD Data Access Time Same as RAM Mode
tRHD Data Hold Time Same as RAM Mode
tWBPD RD HIGH to BUSY 4Q0ns typ 350ns typ 1us typ } = »
Propagation Delay 1.5us max 1.0us max 2.0ps max BUSY Load = 20pF
tRSR BUSY to RD LOW Setup Time RD can go LOW prior to BUSY = HIGH, but must not
return HIGH until BUSY = HIGH. See Table 2
tcoNVERT Conversion Time See typical darta of Figure 7a. Add 2us to
using internal clock oscillator data shown in Figure 7a for ROM Mode
SLOW — MEMORY INTERFACE MODE (See Figure 3 and Table 3)
tCBPD CS to BUSY Propagation Delay Same as RAM Mode
tRESET Reset Time Requirement Same as RAM Mode
tRAD Data Access Time Same as RAM Mode
tRHD Data Hold Time Same as RAM Mode
tcoNVERT Conversion Time Same as RAM Mode

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range

INSEN s e v v s B 5 S s de 6 58 8 Lk a8 n ) 0°C to +70°C
N DDROAGRI 7l Tkt Fr e 55 & AEls 55 8545 0V, +7.0V ADSBD . o v o 50 S A N S RS R F s -25°C to +85°C
oo LT ar s Lo S S SR T S 0V, +7.0V SDATDNE eyt 1,08 o St b ol s e e -55°C to +125°C
AGNDIODERD & r e masinstee viter 3 n i i mronsesss w0 vs 3 -0.3V, Vpp Storage Temperature Range . . . .. ... ....... -65°C to +150°C
Digital Input Voltage to DGND Lead Temperature (soldering, 10secs.). . . . ... .. .. .... +300°C
(pifsaSiand 16): . i sennsl bt olv b aom enmesr o s s -0.3V, +15.0V Power Dissipation (Package)
Digital Output Voltage to DgND Plastic (sucf;fix N)

(PInS G AIN o Shd st HN il  enie  o ) B -0.3V, Vpp L S S P 670mW
CLK Input Voltage (pin 17) to DGND+ + « + v = v v v v v s -0.3V, Vpp Derate gbove +707ChY v oo v v v v v e v e 8.3mw/ C
NV RERADINEY)EY i S R s la e SR s Ry i nsn G +20V Ceramic (%uffix D)

AV e e mrd ) E D IR, I S e e e *20v O E7E . vy b R S e AR R R L 450r%w
NATNUPIMANE" 1 S X e oLl S i mhedimes & 5 s5a 01 Echiin *20v Detateabove £75%CG by - v s sy nmns s s 6mW/ C
TERMINOLOGY

RESOLUTION: Resolution is a measure of the nominal analog change
required for a 1-bit change in the A/D converter’s digital output. While
normally expressed in a number of bits, the analog resolution of an
n-bit unipolar A/D converter is (2~ N)(VR gg). Thus the AD7574, an
8-bit A/D converter, can resolve analog voltages as small as
(Yas6 (VR gr) when operated in a unipolar mode. When operated in a
bipolar mode, the resolution is (%128 (VR gp). Resolution does not
imply accuracy. Usable resolution is limited by the differential nonlin-
earity of the A/D converter.

RELATIVE ACCURACY: Relative accuracy is the deviation of the ADC's
actual code transition points from a straight line drawn between the

-3~

device’s measured zero and measured full scale transition points. Rel-
ative accuracy, therefore, is a measure of code position.

DIFFERENTIAL NONLINEARITY: Differential nonlinearity in an ADC
is a measure of the size of an analog voltage range associated with any
digital output code. As such differential nonlinearity specifies code
width (usable resolution). An ADC with a specified differential nonlin-
earity of +n bits will exhibit codes ranging in width from 1LSB-nLSB
to 1LSB + nLSB. A specified differential nonlinearity of less than
+1LSB guarantees no - missing - codes operation.



TIMING & CONTROL OF THE AD7574

STATIC RAM INTERFACE MODE
Table 1 and Figure 1 show the truth table and timing require-
ments for AD7574 operation as a static RAM.

A convert start is initiated by executing a memory WRITE
instruction to the address location occupied by the AD7574
(once conversion has started, subsequent memory WRITES
have no effect). A data READ is performed by executing a
memory READ instruction to the AD7574 address location.

BUSY must be HIGH before a data READ is attempted, i.e.
the total delay between a convert start and a data READ must
be at least as great as the AD7574 conversion time. The delay

can be generated by inserting NOP instructions (or other
program instructions) between the WRITE (start convert) and
READ (read data) operations. Once BUSY is HIGH (conver-
sion complete), a data READ is performed by executing a
memory READ instruction to the address location occupied
by the AD7574. The data readout is destructive, i.e. when RD
returns HIGH, the converter is internally reset.

The RAM interface mode uses distinetly different commands
to start conversion (memory WRITE) or read the data (memory
READ). This is in contrast to the ROM mode where a memory
READ causes a data READ and a conversion restart.

MICROPROCESSOR MEMORY WRITE NOP OR nrn§|n INSTRUCTIONS MEMORY READ MEMORY WRITE

QPERATION TO AD7574 ADORESS UNTIL 1S HIGH TO AD7574 ADDRESS TO AD7574 ADDRESS
le—— tos ——»] le—— tcs ——]

T3 (g 16} —-——q i———-l m

j tBsA —H—-ISR- [ ancsH
meh |-— tconvear ——] lﬂ— tnEseT —

BUEY (pin 141 '_"-_: 4
H!cm-! l"esclu-lnn-h| L‘nuu*‘
DATA X

Figure 1. Static RAM Mode Timing Diagram

N

DB 108y
Tpiny 8-13)

AD7574 INPUTS AD7574 OUTPUTS " ORERA
] RD | BUSY | DB;-DBg S I
L H H HIGH Z WRITE CYCLE (START CONVERT)
L b N8 H HIGH Z *DATA | READ CYCLE (DATA READ)
L = ok H DATA —+HIGH Z | RESET CONVERTER
H x! X HIGH Z NOT SELECTED
L H L HIGH Z NO EFFECT, CONVERTER BUSY
L _l= L HIGH Z NO EFFECT, CONVERTER BUSY
L A i L HIGH Z NOT ALLOWED, CAUSES
INCORRECT CONVERSION
Note 1: If AD goes LOW -to - HIGH, the ADC is internally reset, regardless of the

state of CS or BUSY.

Table 1. Truth Table, Static RAM Mode

ROM INTERFACE MODE
Table 2 and Figure 2 show the truth table and timing require-
ments for interfacing the AD7574 like Read Only Memory.

CS is held LOW and converter operation is controlled by the
RD input. The AD7574 RD input is derived from the decoded
device address. MEMRD should be used to enable the address
decoder in 8080 systems. VMA should be used to enable the
address decoder in 6800 systems. A data READ is initiated by
executing 2 memory READ instruction to the AD7574 address
location. The converter is automatically restarted when RD

MICROPROCESSOR MEMORY READ MEMORY AEAD
NOP DR OTHER INSTRUCTIONS o RoTaTS A

OPERATION T0 AD7574 ADDRESS

FD tpin 15}
_}‘ £ y

FORV tpin 11 """"’“‘1"‘“ {CONVERT '—“’E"ssa » .._.wm_,,l
t e — o

DBy DBy CASOMRCE
pins & 131 Cimianz DATA

NN 5

returns HIGH. As in the RAM mode, attempting a data READ
before BUSY is HIGH will result in incorrect data being read.

The advantage of the ROM mode is its simplicity. The major
disadvantage is that the data obtained is relatively poorly
defined in time inasmuch as executing a data READ auto-

‘matically starts a new conversion. This problem can be over-

come by executing two READs separated by NO-OPS (or
other program instructions) and using only the data obtained
from the second READ.

AD7574 INPUTS AD7574 OUTPUTS
3 o) BUSY DB7-DBO AD7574 OPERATION

L . H HIGH Z =+ DATA | DATA READ

L I o L DATA = HIGH Z | RESET AND
START NEW CONVERSION

L = L HIGH Z NO EFFECT, CONVERTER BUSY

1 i L HIGH Z NOT ALLOWED, CAUSES
INCORRECT CONVERSION

Figure 2. ROM Mode Timing Diagram (CS Held LOW)

Table 2. Truth Table, ROM Mode

SLOW -MEMORY INTERFACE MODE

Table 3 and Figure 3 show the truth table and timing require-
ments for interfacing the AD7574 as a slow - memory. This
mode is intended for use with processors which can be forced
into a WAIT state for at least 12us (such as the 8080, 8085
and SC/MP). The major advantage of this mode is that it
allows the uP to start conversion, WAIT, and then READ data
with a single READ instruction.

In the slow - memory mode, CS and RD are tied together. It is
suggested that the system ALE signal (8085 system) or SYNC
signal (8080 system) be used to latch the address. The decoded

cpa —

device address is subsequently used to drive the AD7574 CS
and RD inputs. BUSY is connected to the microprocessor
READY input.

When the AD7574 is NOT addressed, the CS and RD inputs

are HIGH. Conversion is initiated by executing a memory
READ to the AD7574 address. BUSY subsequently goes LOW
(forcing the uP READY input LOW) placing the uP in 2a WAIT
state. When conversion is complete (BUSY is HIGH) the uP
completes the memory READ.

Do not attempt to perform a memory WRITE in this mode,
since three - state bus conflicts will arise.
(continued on page 5)
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T_iming & Control of the AD7574 (cont.)

MICROPROCESSOR  DEVICE HOT
OPERATION SELECTED

MEMORY READ TO ADT574 ADDRESS
=P IN WAIT STATE WHILE FUEY 15 Low)

P COMPLETES
MEM. READ

DEVICE NOT
SELECTED

l¢— tRESET—H

EEs D
Lpins 15 s0d 161 5‘ 7{.‘ ‘ q‘
o +‘WBPE‘F‘_ TCONVERT ————1 q-qux—

Dy - 08y
fowt 6131

Figure 3. Slow Memory Mode Timing Diagram
(CS and RD Tied Together)

e

AD7574 INPUTS AD7574 QUTPUTS
TS & RD BUSY DB7 - DB, AD7574 OPERATION
H H HIGH Z NOT SELECTED
- H=L | HIGHZ START CONVERSION
L L HIGH Z CONVERSION IN PROGRESS,
WP IN WAIT STATE
L e HIGH Z > DATA | CONVERSION COMPLETE,
WP READS DATA
- H DATA = HIGH Z | CONVERTER RESET
AND DESELECTED
H H HIGH Z NOT SELECTED

Table 3. Truth Table, Slow Memory Mode

GENERAL CIRCUIT INFORMATION

BASIC CIRCUIT DESCRIPTION

The AD7574 uses the successive apprommatlons technique to
provide an 8 - bit parallel digital output. The control logic was
designed to provide easy interface to most microprocessors.
Most applications require only passive clock components (R &
C), a-10V reference, and +5V power.

8-BIT DAC

THREE
STATE
DRIVERS

SUCCESSIVE
APPROXIMATION
REGISTER

1
}
}
i
i
I
1
1
1
1
S Is
1
i
1
1
1
1
I
i

& ol INTERFACE oy 1005057
G T & CONTROL 1
D Ogr—-——b LOGIC !
L 1
........................ '
17 ([18
cLk Dgnp

Figure 4. AD7574 Functional Diagram

Figure 4 shows the AD7574 functional diagram. Upon receipt
of a start command either via the CS or RD pins (see pages 4
and 5 for Control Logic and Timing Details), BUSY goes low
indicating conversion is in progress. Successive bits, starting
with the most significant bit (MSB), are applied to the input of
a DAC. The comparator determines whether the addition of
each successive bit causes the DAC output to be greater than
or less than the analog input, Appy. If the sum of the DAC bits
is less than Ay, the trial bit is left ON, and the next smaller
bit is tried. If the sum is greater than Ayp, the trial bit is
turned OFF and the next smaller bit is tried.

Each successively smaller bit is tried and compared to Apy in
this manner until the least significant bit (LSB) decision has
been made. At this time BUSY goes HIGH (conversion is com-
plete) indicating the successive approximation register contains
a valid representation of the analog input. The RD control (see
page 4 for details) can then be exercised to activate the three-
state buffers, placing data on the DB(y - DB data output pins.
RD returning HIGH causes the clock oscillator to run for

1 cycle, providing an internal ADC reset (i.e. the SAR is
loaded with code 10000000).

DAC CIRCUIT DETAILS

The current weighting D/A converter is a precision multiplying
DAC. Figure 5 shows the functional diagram of the DAC as
used in the AD7574. It consists of a precision Silicon Chrom-
ium thin film R/2R ladder network and 8 N - channel MOS-
FET switches operated in single - pole - double - throw.

The currents in each 2R shunt arm are binarily weighted ie.
the current in the MSB arm is Vg divided by 2R, in the
second arm is VgRgp divided by 4R, etg De}icndmg on the
DAC logic input (A/D output) from thé successive approx-
imation register, the current in the individual shunt arms is
steered either to Agnp or to the comparator summing point.

AN Bors
R R o
<
2R R Szn 2R
-3 >
7 ( i
I i
I ) T
H 1 ' b D
" I [ 1 1 r
: : : i i
1 MSB ' ! 1 LSB SUMMING COMPARATOR
! {0By) ! (0Bg) | (DB5) 1 (DB} POINT

DBy
1
I SUCCESSIVE — APPROXIMATIONS REGISTER r

OAgND

Figure 5. D/A Converter As Used In AD7574



- OPERATING THE AD7574

APPLICATION HINTS

1. TIMING & CONTROL
Failiure to observe the timing restrictions of figures 1, 2 or 3 may
cause the AD7574 to change interface modes. For example, in the
RAM mode, holding CS LOW too long after RD goes HIGH will
cause a new convert start (i.e. the converter moved into the ROM
mode).

2. LOGIC DEGLITCHING IN uP APPLICATIONS
Unspecified states on the address bus (due to different rise and fall
times on the address bus) can cause glitches at the AD7574 CS or
RD terminals. These glitches can cause unwanted convert starts,
reads, or resets. The best way to avoid glitches is to gate the address
decoding logic with RD or WR (8080) or VMA (6800) when in the
ROM or RAM mode. When in the slow - memory mode, the ALE
(8085) or SYNC (8080) signal should be used to latch the address.

3. INPUT LOADING AT VREF, AIN AND BgFs
To prevent loading errors due to the finite input resistance at the
VREF, AIN or BoFs pins, low impedance driving sources must be
- used (i.e. op amp buffers or low output - Z reference).

4, RATIOMETRIC OPERATION
Ratiometric performance is inherent to A/D converters such as the
AD?7574 which use a multiplying DAC weighting network. However,
the user should recognize that comparator limitations such as offset

CLOCK OSCILLATOR

The AD7574 has an internal asynchronous clock oscillator
which starts upon receipt of a convert start command, and
ceases oscillating when conversion is complete.

The clock oscillator requires an external R and C as shown in
figure 6. Nominal conversion time versus Rc i and Cc is
shown in Figure 7a. The curves shown in Figure 7a are applic-
able when operating in the RAM or slow - memory interface
modes. When operating in the ROM interface mode, add 2us
to the typical conversion time values shown.

The AD7574 is guaranteed to provide transfer accuracy to
published specifications for conversion times down to 15us,
as indicated by the unshaded region of Figure 7a. Conversion
times faster than 15us can cause transfer accuracy degradation.

OPERATION WITH EXTERNAL CLOCK

For applications requiring a conversion time close to or equal
to 15us, an external clock is recommended. Using an external
clock precludes the possibility of converting faster than 15us
(which can cause transfer accuracy degradation) due to temp-
erature drift — as may be the case when using the internal
clock oscillator.

Figure 7b shows how the external clock must be connected.
The BUSY output of the AD7574 is connected to the three-
state enable input of a 74125 three - state buffer. Ry is used as
a pullup, and can be between 6k and 100k2. A 500kHz
clock will provide a conversion time of 15us.

The external clock should be used only in the static- RAM or
slow - memory interface mode, and n#ot in the ROM mode.

Timing constraints for external clock operation are as follows:

STATIC RAM MODE :

1. When initiating a conversion, CS should go LOW on a pos-
itive clock edge to provide optimum settling time for the
MSB.

2. A data READ can be initiated any time after BUSY = 1.

SLOW-MEMORY MQDE

1. When initiating a conversion, CS and RD should go LOW
on a positive clock edge to provide optimum settling time
for the MSB.

voltage, input noise and gain will cause degradation of the transfer
characteristics when operating with reference voltages less than
-10V in magnitude.

. OFFSET CORRECTION

Offset error in the transfer characteristic can be trimmed by off-
setting the buffer amplifier which drives the AD7574 A[N pin (pin
4). This can be done either by summing a cancellation current into
the amplifier’s summing junction, or by tapping a voltage divider
which sits between Vpp and VREF and applying the tap voltage to
the amplifier’s positive input (an example of a resistive tap offset
adjust is shown in Figure 10a where Rg, Rg and Ry can be used to
offset the ADC).

ANALOG AND DIGITAL GROUND

It is recommended that AgNp and DgNp be connected locally to
prevent the possibility of injecting noise into the AD7574. In
systems where the AGND -DgNp intertie is not local, connect
back - to - back diodes (IN914 or equivalent) between the AD7574
AGND and DGND pins.

. INITIALIZATION AFTER POWER — UP

Execute a memory READ to the AD7574 address location, and
subsequently ignore the data. The AD7574 is internally reset when
reading ourt data, i.e. the data readout is destructive.

Vpp (+5V)

AD7574
(TOP VIEW]

Figure 6. Connecting Ry i and Cey i To CLK Oscillator

o

DGND

2 I

ALK - 200kE2, Cgpg = 100pF

Ry = 125k, Cgk = 100pF

CONVERSION TIME (us)

-55 -50 -25 0 +25 +50 +75
AMBIENT TEMPERATURE [°Celcius)

V*’100 74;|25
Figure 7a. Typical Conversion Time vs. Temperature
For Different Rpy i and Coy
(Applicable to RAM and Slow - Memory Modes. For ROM
Mode add 2us to values shown)

Vpp (+5V)
o

EXTERNAL CLOCK IN
(500kHz MAX)

W Y% 74125
THREE - STATE BUFFER

Figure 7b. External Clock Operation
{Static RAM and Slow - Memory Mode)

(continued on page 7)



-

UNIPOLAR BINARY OPERATION

Figures 8a and 8b show the analog circuit connections and
typical transfer characteristic for unipolar operation. An
AD584 is used as the -10V reference.

Calibration is as follows:

OFFSET

Offset must be trimmed out in the signal conditioning cir-
cuitry used to drive the signal input terminals shown in Figure
8a. An example of an offset trim is shown in Figure 10a,
where Rg, Rg and R1( comprise a simple voltage tap which is
applied to the amplifier’s positive input.

—15v
Q

AD584
REFERENCE

GROUND
INTERTIE
Lanacos

GROUND

ANALOG \ /
SUPPLY RETURN DIGITAL
. SUPPLY RETURN
Note 1: Rq and Rp can be omitted if
gain trim is not required

Figure 8a. AD7574 Unipolar (OV to +10V) Operation
(Output Code is Straight Binary)

| _D:pe;rating _7 he 'I_'-;\_D75_74 (cont)

1. Apply -39.1mV (1 LSB) to the input of the buffer ampli-
fier used to drive Rq (i.e. +39.1mV at Rq).

2. While performing continuous conversions, adjust the offset
potentiometer (described above) until DB -DB; are LOW
and the LSB (DBO) flickers.

GAIN (FULL SCALE)

Offset adjustment must be performed before gain adjustment.

1. Apply -9.961V to the input of the buffer amplifier used to
drive Rq (i.e. 49.961V atRq).

2. While performing continuous conversions, adjust trim pot
Ry until DB7 -DBj are HIGH and the LSB (DByy) flickers.

ouTPUT

frotid FULL SCALE mmsmcu\
nm

e JJ—
M

i

'
'
]
]
1
00000011
00000010

00000001

0 040 080 .20 9.920 9.960 10.000
INPUT VOLTAGE, VOLTS
(REFERRED TO ANALOG GROUND, PIN § OF AD7S74)

Note: Approximate bit weights are shown for illustration.
Nominal bit weight for a =10V reference is &= 39.1mV

Figure 8b. Nominal Transfer Characteristic For Unipolar
Circuit of Figure 8a

RATEARIA s < AT AN 2 e

BIPOLAR (OFFSET BlNARY) OPERATION

Figures 9a and 9b illustrate the analog circuitry and transfer
characteristic for bipolar operation. Output coding is offset
binary. As in unipolar operation, offset correction can be per-
formed at the buffer amplifier used to drive the signal input
terminals of Figure 9a (Resistors Rg, Rg and Ry in Figure

10a show how offset trim can be done at the buffer amplifier).

Calibration is as follows:

1. Adjust Rg and Ry; for minimum resistance across the
potentiometers.

2. Apply +10.000V to the buffer amplifier used to drive the
signal input (i.e. ~10.000V at Rg).

3. While performing continuous conversions, trim Rg or Ry
(whichever required) until DB7 - DB are LOW and the LSB
(DB) flickers.

A3 10k

ANALOG
GROUND

GROUND INTERTIE

A}
GAIN TRIM!
ANALOG DIGITAL
SUPPLY RETURN SUPPLY RETURN

Note 1: Rq and R9 can be omitted if
gain trim is not required

Figure 9a. AD7574 Bipolar (-10V to +10V) Operation
(Output Code is Offset Binary)

e e s C e e

4. Apply OV to the buffer amplifier used to drive the srgnal
input terminals.

5. Doing continuous conversions, trim the offset circuit of the
buffer amplifier until the ADC output code flickers
between 01111111 and 10000000,

6. Apply +10.000V to the input of the buffer amplifier
(i.e. -10.000V as applied to Rg).

7. Doing continuous conversions, trim R until DBy - DB are
LOW and the LSB (DBg) flickers.

8. Apply -9.922V to the input of the buffer amplifier (i.e.
+9.922V at the input side of Rg).

9. If the ADC output code is not 11111110 #1 bit, repeat the
calibration procedure.

10000000

amnm

LIRRIRRT]

01111101

LIRRRAL

LIRERTIL]

400 -320 -240 -160 -B0 0 +B0 +160 +24D +320 400
INFUT VOLTAGE, MILLIVOLTS
IREFERRED TO ANALOG GROUND}

Note: Approximate bit weights are shown for illustration.
Nominal bit weight for £ 10V full scale is &~ 78.1mV

Figure 9b. Nominal Transfer Characteristic Around
Major Carry for Bipolar Circuit of Figure 9a

(continued on page 8)



OPERATING THE AD7574
(continued from page 7)

BIPOLAR (COMPLEMENTARY OFFSET

BINARY) OPERATION

Figure 10a shows the analog connections for complementary
offset binary operation. The typical transfer characteristic is
shown in Figure 10b. In this bipolar mode, the ADC is fooled
into believing it is operated in a unipolar mode - i.e. the +10V
to -10V analog input is conditioned into a 0 to +10V signal
range. R, is the gain adjust, while Rg is the offset adjust.

Calibration is as follows (adjust offset before gain):

OFFSET
1. Apply OV to the analog input shown in Figure 10a.

1] AD584 4
REFERENCE
8

"L
I

R 2k
GAIN ADJ]

0 to +10V

Alk 10%!

O
ANALOG

ANALOG' DIGITA
SUPPLY RETURN SUPPLY RETURN

Notes:.
1. Rqand Rg can be omitted if gain trim is not required
2. Rg, Rgand Rqq can be omitted if offset trim is not required

2. While performing continuous conversions, adjusth9 until
the converter output flickers between codes 01111111 and
10000000.

GAIN (FULL SCALE)

1. Apply -9.922V across the analog input terminals shown in
Figure 10a.

2. While performing continuous conversions, adjust Ry until
DBy - DBy are HIGH and the LSB (DB) flickers between
HIGH and LOW.

ouTPUT

01111011

1111100

01111101

CIRRERRS

o111

10000000 =

10000001

10000010

10000011

10000100

10000101
400 -320 -290 -160 -BO 0 B0 +160 240 +320 400
INPUT VOLTAGE, MILLIVOLTS

N

Note: Approximate bit weights are shown for illustration. Nominal
bit weight for 10V full scale is = 78.1mV

3. Rg||Rg||R10 = 5kSL. If Rg, Rg and R1p not used, make Rg = 5k§2

Figure 10a. AD7574 Bipolar Operation (-10V to +10V)
(Output Code is Complementary Offset Binary)

MECHANICAL INFORMATION

18 PIN PLASTIC DIP

S e e T 1 S

18 PIN CERAMIC DIP

Figure 10b. Nominal Transfer Characteristic Around Major
Carry for Bipolar Circuit of Figure 10a
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Appendix C

Am9511A Data Sheet

The following material is copyrighted by Advanced Micro Devices,
Inc. It is reprinted here with the permission of Advanced Micro
Devices. This data sheet may not be reproduced for any purpose in

whole or part without the expressed written consent of the
copyright owner.



Am9511A

Arithmetic Processor
Advanced Micro Devices
Advanced MOS/LSI

DISTINCTIVE CHARACTERISTICS

Replaces Am9511

Fixed point 16 and 32 bit operations

Floating point 32 bit operations

Binary data formats

Add, Subtract, Multiply and Divide

Trigonometric and inverse trigonometric functions
Square roots, logarithms, exponentiation

Float to fixed and fixed to float conversions
Stack-oriented operand storage

DMA or programmed I/O data transfers

End signal simplifies concurrent processing
Synchronous/Asynchronous operations

General purpose 8-bit data bus interface
Standard 24 pin package

+12 volt and +5 volt power supplies

Advanced N-channel silicon gate MOS technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9511A Arithmetic Processing Unit (APU) is a monolithic
MOS/LSI device that provides high performance fixed and
floating point arithmetic and a variety of floating point
trigonometric and mathematical operations. It may be used to
enhance the computational capability of a wide variety of
processor-oriented systems.

All transfers, including operand, result, status and command
information, take place over an 8-bit bidirectional data bus.
Operands are pushed onto an internal stack and a command
is issued to perform operations on the data in the stack. Re-
sults are then available to be retrieved from the stack, or addi-
tional commands may be entered.

Transfers to and from the APU may be handled by the
associated processor using conventional programmed 1/O, or
may be handled by a direct memory access controller for im-
proved performance. Upon completion of each command, the
APU issues an end of execution signal that may be used as
an interrupt by the CPU fo help coordinate program execution.

BLOCK DIAGRAM

s —=0
RO —=Of

BUS
WR —=0f controL AN WORKING
c/i0 —=i STACK REGISTERS
PAUSE =—O) 8x16 | ALU

8
BUS
DBO-DB7 =“=| gyrFER

CONSTANT
ROM

COMMAND
REGISTER
STATUS
REGISTER

MICRO-
PROGRAMMED
CONTROLLER

END ——Of

CONTROL
ROM
EACK —=O)

INTERFACE
SVREQ ——1 cONTROL

SVACK —=Of
RESET —=

CLK ——=—

MOS-046

CONNECTION DIAGRAM

Top View
(GND) VSS i il 24 [ }— END
(+svyvee — |2 23 [ J=— CLK
EACK —=[ |3 22 [ |=—— RESET
svACKk —{ |4 21| J=——cih
svREQ =— |5 20| |=—— AD
Do s 1wl _J—Wr
:g‘é =1 AmI511A s
pBo ——=[ |8 17 | }— PAUSE
oB1 == |9 16 [ —— voD(+12v)
pp2 ~=—={ | 10 15 [ J=— DB7
pB3 ——{ |1 14 [ }=— DB8
pes =—={ |12 13 | _J=—= o8BS

Pin 1 is marked for orientation.
MOS-04

ORDERING INFORMATION

Package Ambient Maximum Clock Frequency "
Type Temperature 2MHz 3MHz
) 0°C < Tp < +70°C Am8511ADC Am8511A-1DC
Hermetic DIP
—55°C = Tp < +125°C Am9511ADM Am9511A-1DM

Copyright © 1980 by Advanced Micro Devices, Inc.



INTERFACE SIGNAL DESCRIPTION

VCC: +5V Power Supply
VDD: +12V Power Supply
VSS: Ground

CLK (Clock, Input)
An external timing source connected to the CLK input provides

the necessary clocking. The CLK input can be asynchronous to
the RD and WR control signals.

RESET (Reset, Input)

A HIGH on this input causes initialization. Reset terminates any
operation in progress, and clears the status register to zero. The
internal stack pointer is initialized and the contents of the stack
may be affected but the command register is not affected by the
reset operation. After a reset the END output will be HIGH, and
the SVREQ output will be LOW. For proper initialization, the
RESET input must be HIGH for at least five CLK periods following
stable power supply voltages and stable clock.

C/D (Command/Data Select, Input)

The C/D input together with the RD and WR inputs determines
the type of transfer to be performed on the data bus as follows:

C/D| RD |WR Function

L H L Push data byte into the stack
E L H Pop data byte from the stack
H H L. Enter command byte from the data bus
H 13 H Read Status
X L L Undefined

L = LOW

H = HIGH

X = DON'T CARE

END (End of Execution, Output)

A LOW on this output indicates that execution of the current
command is complete. This output will be cleared HIGH by ac-
tivating the EACK input LOW or performing any read or write
operation or device initialization using the RESET. If EACK is
tied LOW, the END output will be a pulse (see EACK descrip-
tion). This is an open drain output and requires a pull up to +5V.

Reading the status register while a command execution is in
progress is allowed. However any read or write operation clears
the flip-flop that generates the END output. Thus such continu-

ous reading could conflict with internal logic setting the END
flip-flop at the completion of command execution.

EACK (End Acknowledge, Output)

This input when LOW makes the END output go LOW. As men-
tioned earlier HIGH on the END output signals completion of a
command execution. The END output signal is derived from an
internal flip-flop which is clocked at the completion of a com-
mand. This flip-flop is clocked to the reset state when EACK is
LOW. Consequently, if the EACK is tied LOW, the END output
will be a pulse that is approximately one CLK period wide.

SVREQ (Service Request, Output)

A HIGH on this output indicates completion of a command. in
this sense this output is same as the END output. However,
whether the SVREQ output will go HIGH at the completion of a
command or not is determined by a service request bit in the
command register. This bit must be 1 for SVREQ to go HIGH.
The SVREQ can be cleared (i.e., go LOW) by activating the

SVACK input LOW or initializing the device using the RESET. °

Also, the SVREQ will be automatically cleared after completion
of any command that has the service request bit as 0.

SVACK (Service Acknowledge, Input)

A LOW on this input activates the reset input of the flip-flop
generating the SVREQ output. If the SVACK input is perma-
nently tied LOW, it will conflict with the internal setting of the
flip-flop to generate the SVREQ output. Thus the SVREQ indi-
cation cannot be relied upon if the SVACK is tied LOW.

DB0-DB7 (Bidirectional Data Bus, Input/Output)

These eight bidirectional lines are used to transfer command,
status and operand information between the device and the host
processor. DBO is the least significant and DB7 is the most
significant bit position. HIGH on the data bus line corresponds to
1 and LOW corresponds to 0.

When pushing operands on the stack using the data bus, the
least significant byte must be pushed first and most significant
byte last. When popping the stack to read the result of an opera-
tion, the most significant byte will be available on the data bus
first and the least significant byte will be the last. Moreover, for
pushing operands and popping results, the number of transac-
tions must be equal to the proper number of bytes appropriate
for the chosen format. Otherwise, the internal byte pointer will
not be aligned properly. The Am9511A single precision format
requires 2 bytes, double precision and floating-point formats re-
quire 4 bytes.

CS (Chip Select, Input)

This input must be LOW to accomplish any read or write opera-
tion to the Am9511A.

To perform a write operation data is presented on DBO through
DB7 lines, C/D is driven to an appropriate level and the CSinput
is made LOW. However, actual writing into the Am9511A cannot
start until WR is made LOW. After initiating the write operation
by a WR HIGH to LOW transition, the PAUSE output will go
LOW momentarily (TPPWW).

The WR input can go HIGH after PAUSE goes HIGH. The data
lines, C/D input and the TS input can change when appropriate
hold time requirements are satisfied. See write timing diagram
for details.

To perform a read operation an appropriate logic level is estab-
lished on the C/D input and CS is made LOW. The Read opera-
tion does not start until the BD input goes LOW. PAUSE will go
LOW for a period of TPPWR. When PAUSE goes back HIGH
again, it indicates that read operation is complete and the re-
quired information is available on the DBO through DB7 lines.
This information will remain on the data lines as long as RD D input
is LOW. The RD input can return HIGH anytime after PAUSE
goes HIGH. The CS input and C/D inputs can change anytime
after RD returns HIGH. See read timing diagram for details.

RD (Read, Input)

A LOW on this input is used to read information from an internal
location and gate that information on to the data bus. The CS
input must be LOW to accomplish the read operation. The c/D
input determines what internal location is of interest. See C/D,
CS input descriptions and read timing diagram for details. If the
END output was LOW, performing any read operation will make
the END output go HIGH after the HIGH to LOW transition of the
RD input (assuming CSis LOW).

.



'WR (Write, Input)

A LOW on this input is used to transfer information from the data
bus into an internal location. The CS must be LOW to ac-
complish the write operation. The C/D determines which internal
location is to be written. See C/D, TS input descriptions and
write timing diagram for details.

If the END output was LOW, performing any write operation will
make the END output go HIGH after the LOW to HIGH transition
of the WR input (assuming CS is LOW).

PAUSE (Pause, Output)

This output is a handshake signal used while performing read or
write transactions with the Am9511A. A LOW at this output indi-
cates that the Am9511A has not yet completed its information
transfer with the host over the data bus. During a read operation,
after CS went LOW, the PAUSE will become LOW shortly (TRP)
after RD goes LOW. PAUSE will return high only after the data
bus contains valid output data. The CS and RD should remain
LOW when PAUSE is LOW. The RD may go high anytime after
PAUSE goes HIGH. During a write operation, after CS went
LOW, the PAUSE will be LOW for a very short duration
(TPPWN) after WR goes LOW. Since the minimum of TPPWW
is 0, the PAUSE may not go LOW at all for fast devices. WR may
go HIGH anytime after PAUSE goes HIGH.

FUNCTIONAL DESCRIPTION

Major functional units of the Am9511A are shown in the block
diagram. The Am9511A employs a microprogram controlled
stack oriented architecture with 16-bit wide data paths.

The Arithmetic Logic Unit (ALU) receives one of its operands
from the Operand Stack. This stack is an 8-word by 16-bit 2-port
memory with last in-first out (LIFO) attributes. The second
operand to the ALU is supplied by the internal 16-bit bus. In
addition to supplying the second operand, this bidirectional bus
also carries the results from the output of the ALU when re-
quired. Writing into the Operand Stack takes place from this
internal 16-bit bus when required. Also connected to this bus are
the Constant ROM and Working Registers. The ROM provides
the required constants to perform the mathematical operations
(Chebyshev Algorithms) while the Working Registers provide
storage for the intermediate values during command execution.

Communication between the external world and the Am9511A'
takes place on eight bidirectional input/output lines DBO through
DB7 (Data Bus). These signals are gated to the internal eight-bit

bus through appropriate interface and buffer circuitry. Multi-
plexing facilities exist for bidirectional communication between
the internal eight and sixteen-bit buses. The Status Register and
Command Register are also accessible via the eight-bit bus.

The Am9511A operations are controlled by the microprogram
contained in the Control ROM. The Program Counter supplies
the microprogram addresses and can be partially loaded from
the Command Register. Associated with the Program Counter is
the Subroutine Stack where return addresses are held during
subroutine calls in the microprogram. The Microinstruction
Register holds the current microinstruction being executed. This
register facilitates pipelined microprogram execution. The In-
struction Decode logic generates various internal control signals
needed for the Am9511A operation.

The Interface Control logic receives several external inputs and
provides handshake related outputs to facilitate interfacing the
Am9511A to microprocessors.

COMMAND FORMAT

Each command entered into the Am9511A consists of a single
8-bit byte having the format illustrated below:

- OPERATION i

SVREQ  SINGLE FIXED CODE

(sr) | ‘ | l l I

7 6 5 4 3 2 1 0

Bits 0-4 select the operation to be performed as shown in the
table. Bits 5-6 select the data format for the operation. If bit 5
is a 1, a fixed point data format is specified. If bit 5 is a 0,
floating point format is specified. Bit 6 selects the precision of
the data to be operated on by fixed point commands (if bit 5
= 0, bit 6 must be 0). If bit 6 is a 1, single-precision (16-bit)
operands are indicated; if bit 6 is a 0, double-precision (32-bit)
operands are indicated. Results are undefined for all illegal
combinations of bits in the command byte. Bit 7 indicates
whether a service request is to be issued after the command
is executed. If bit 7 is a 1, the service request output
(SVREQ) will go high at the conclusion of the command and
will remain high until reset by a low level on the service
acknowledge pin (SVACK) or until completion of execution of
a succeeding command where bit 7 is 0. Each command Is-
sued to the Am9511A requests post execution service based
upon the state of bit 7 in the command byte. When bit 7 is a
0, SVREQ remains low.




COMMAND SUMMARY

Command Code Catninand . i -
7]6|5]a]s]2]1] 0] Mnemonic REINANG Sostriphon
FIXED-POINT 16-BIT
sr| 1 1 0 1 1 0 0 SADD Add TOS to NOS. Result to NOS. Pop Stack.
sr| 1 1 0 1 1 0 1 SsuB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr| 1 1 0 1 1 1 0 SMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. .
sr| 1 1 1 0 1 1 0 SMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr| 1 1 0 1 1 1 1 sDIv Divide NOS by TOS. Result to NOS. Pop Stack.
FIXED-POINT 32-BIT
sr| 0 1 0 1 1 0 0 DADD Add TOS to NOS. Result to NOS. Pop Stack.
sr | O 1 0 1 1 0 1 DSuUB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr | O 1 0 1 1 1 0 DMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.
sr | O 1 1 0 1 1 0 DMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr | O 1 0 1 1 1 1 DDIV Divide NOS by TOS. Result to NOS. Pop Stack.
FLOATING-PQINT 32-BIT
sr| 0] O 1 0 0 0 0 FADD Add TOS to NOS. Result to NOS. Pop Stack.
st 0 0 1 0 0 0 1 FsuUB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr i 0 0 1 0 0 1) 0 FMUL Multiply NOS by TOS. Result to NOS. Pop Stack.
sr | O 0 1 0 0 1 1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack.
DERIVED FLOATING-POINT FUNCTIONS
st O 0 0 0 0 0 1 SQRT Square Root of TOS. Result in TOS.
sr | 0 0 0 0 0 1 0 SIN Sine of TOS. Result in TOS.
sr| 0|l 0|00 0|1 1 cos Cosine of TOS. Result in TOS.
st | O 0 0 0 1 0 0 TAN Tangent of TOS. Result in TOS.
sr| O 0 0 0 1 0 1 ASIN Inverse Sine of TOS. Result in TOS.
st [ O 0 0 0] 1 1 0 ACOS Inverse Cosine of TOS. Result in TOS.
sr 0 0 0 0 1 1 1 ATAN Inverse Tangent of TOS. Result in TOS.
sr 0 0 0 1 0 0 0 LOG Common Logarithm (base 10) of TOS. Result in TOS.
sr | O 0 0 1 0 0 1 LN Natural Logarithm (base e) of TOS. Result in TOS.
sr | O 0 0 1 0 1 0 EXP Exponential (e*) of TOS. Result in TOS.
sr| 0 0 0 1 0 1 1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack.
DATA MANIPULATION COMMANDS
sr| O 0 0 0 0 0 0 NOP No Operation
tase | <0 0 1 1 1 1 1 FIXS Convert TOS from floating point to 16-bit fixed point format.
tisr | 0 0 1 1 1 1 0 FIXD Convert TOS from floating point to 32-bit fixed point format.
sr| 0 0 1 1 1 0 1 FLTS Convert TOS from 16-bit fixed point to floating point format.
sr | 0 0 1 1 1 0 0 FLTD Convert TOS from 32-bit fixed point to floating point format.
st i 1 0 1 0 0 CHSS Change sign of 16-bit fixed point operand on TOS.
Fugpe 150 1 1 0 1 0 0 CHSD Change sign of 32-bit fixed point operand on TOS.
sr | O 0 1 0 1 0 1 CHSF Change sign of floating point operand on TOS.
bisef 1 1 1 0 1 1 1 PTOS Push 16-bit fixed point operand on TOS to NOS (Copy)
sr | O il 1 0 1 1 1 PTOD Push 32-bit fixed point operand on TOS to NOS. (Copy)
SEL 00 1 0 1 1 1 PTOF Push floating point operand on TOS to NOS. (Copy)
sr 1 1 1 1 0 0 0 POPS Pop 16-bit fixed point operand from TOS. NOS becomes TOS.
sr | O 1 1 1 0 0 0 POPD Pop 32-bit fixed point operand from TOS. NOS becomes TOS.
sr | O 0 1 1 0 0 0 POPF Pop floating point operand from TOS. NOS becomes TOS.
sr 1 1 1 1 0 0 1 XCHS Exchange 16-bit fixed point operands TOS-and NOS.
st | 0 1 1 1 0 0 1 XCHD Exchange 32-bit fixed point operands TOS and NOS.
st [ 0 0 1 1 0 0 1 XCHF Exchange floating point operands TOS and NOS.
sr | O 0 1 i 0 1 0 PUPI Push floating point constant “z" onto TOS. Previous TOS becomes NOS.
NOTES:

1. TOS means Top of Stack. NOS means Next on Stack.

2. AMD Application Brief "“Algorithm Details for the Am9511A
APU" provides detailed descriptions of each command func-
tion, including data ranges, accuracies, stack configurations,
etc.

3. Many commands destroy one stack location (bottom of
stack) during development of the resuit. The derived func-
tions may destroy several stack locations. See Application
Brief for details.

. The trigonometric functions handle angles in radians, not

degrees.

. No remainder is available for the fixed-point divide functions.
. Results will be undefined for any combination of command

coding bits not specified in this table.




COMMAND INITIATION

After properly positioning the required operands on the stack, a
command may be issued. The procedure for initiating a com-
mand execution is as follows:

1. Enter the appropriate command on the DB0-DB7 lines.

2. Establish HIGH on the C/D input.

3. Establish LOW on the CS input.

4. Establish LOW on the WR input after an appropriate set up
time (see timing diagrams).

5. Sometime after the HIGH to LOW level transition of WR
input, the PAUSE output will become LOW. After a delay of
TPPWW, it will go HIGH to acknowledge the write operation.
The WR input can return to HIGH anytime after PAUSE going
HIGH. The DB0-DB7, C/D and CS inputs are allowed to
change after the hold time requirements are satisfied (see
timing diagram).

An attempt to issue a new command while the current command
execution is in progress is allowed. Under these circumstances,
the PAUSE output will not go HIGH until the current command
execution is completed.

OPERAND ENTRY

The Am9511A commands operate on the operands located at
the TOS and NOS and results are returned to the stack at NOS
and then popped to TOS. The operands required for the
AmO9511A are one of three formats — single precision fixed-point
(2 bytes), double precision fixed-point (4 bytes) or floating- point
(4 bytes). The result of an operation has the same format as the
operands except for float to fix or fix to float commands.

Operands are always entered into the stack least significant byte
first and most significant byte last. The following procedure must
be followed to enter operands onto the stack:

1. The lower significant operand byte is established on the
DB0-DB7 lines. Yt

2. A LOW is established on the C/D input to specify that data is
to be entered into the stack.

3. The CS input is made LOW.

4. After appropriate set up time (see timing diagrams), the WR
input is made LOW. The PAUSE output will become LOW.

5. Sometime after this event, the PAUSE will return HIGH to
indicate that the write operatlon has been acknow|edged

6. Anytime after the PAUSE output goes HIGH the ‘WR input
can be made HIGH. The DB0-DB7, C/D and CS inputs can
change after appropriate hold time requirements are satisfied
(see timing diagrams).,

The above procedure must be repeated until all bytes of the
operand are pushed into the stack. It should be noted that for
single precision fixed-point operands 2 bytes should be pushed
and 4 bytes must be pushed for double precision fixed-point or
floating-point. Not pushing all the bytes of a quantity will result in
byte pointer misalignment.

The Am9511A stack can accommodate 8 single precision
fixed-point quantities or 4 double precision fixed-point or fioat-
ing-point quantities. Pushing more quantities than the capacity
of the stack will result in loss of data which is usual with any
LIFO stack.

DATA REMOVAL

Result from an operation will be available at the TOS. Results
can be transferred from the stack to the data bus by reading the
stack. When the stack is popped for results, the most significant
byte is available first and the least significant byte last. A resuit is
always of the same precision as the operands that produced it

except for format conversion commands. Thus when the result
is taken from the stack, the total number of bytes popped out
should be appropriate with the precision — single precision re-
sults are 2 bytes and double precision and floating-point results
are 4 bytes. The following procedure must be used for reading
the result from the stack:

1. A LOW is established on the C/D input.

2. The CS input is made LOW.

3. After appropriate set up time (see timing diagrams), the RD
input is made LOW. The PAUSE will become LOW.

4. Sometime after this, PAUSE will return HIGH indicating that
the data is available on the DBO-DB7 lines. This data will
remain on the DB0-DB7 lines as long as the RD input re-
mains LOW. 5o

5. Anytime after PAUSE goes HIGH, the RD input can return
HIGH to complete transaction.

6. The CS and C/D inputs can change after appropriate hold
time requirements are satisfied (see timing diagram).

7. Repeat this procedure until all bytes appropriate for the pre-
cision of the result are popped out.

Reading of the stack does not alter its data; it only adjusts the
byte pointer. If more data is popped than the capacity of the
stack, the internal byte pointer will wrap around and older data
will be read again, consistent with the LIFO stack. $

STATUS READ

The Am9511A status register can be read without any regard to
whether a command is in progress or not. The only implication
that has to be considered is the effect this might have on the
END output discussed in the signal descriptions.

The following procedure must be followed to accomplish status
register reading.

1. Establish HIGH on the C/D input.

2. Establish LOW on the CS input.

3. After appropriate set up time (see timing diagram) RD mput is
made LOW. The PAUSE will become LOW.

4. Sometime after the HIGH to LOW transition of RD input, the
PAUSE will become HIGH indicating that status register
contents are available on the DB0-DB?7 lines. The status data
will remain on DB0-DB7 as long as RD input is LOW.

5. The RD input can be returned HIGH anytime after PAUSE
goes HIGH.

6. The C/D input and CS input can change after satisfying ap-
propriate hold time requirements (see timing diagram).

DATA FORMATS

The Am9511A Arithmetic Processing Unit handles operands in
both fixed-point and floating-point formats. Fixed-point operands
may be represented in either single (16-bit operands) or double
precision (32-bit operands), and are always represented as
binary, two’'s complement values.

16-BIT FIXED-POINT FORMAT

S VALUE

5 e W R o 1 5

15 0
(MSB)

32-BIT FIXED-POINT FORMAT

VALUE ‘J
1||l|l|l|l|I|l|||l||||||l||i1L

31 0
(MSB)




The sign (positive or negative) of the operand is located in the
most significant bit (MSB). Positive values are represented by
a sign bit of zero (S = 0). Negative values are represented by
the two's complement of the corresponding positive value with
a sign bit equal to 1 (S = 1). The range of values that may be
accommodated by each of these formats is —32,768 to
+32,767 for single precision and —2,147,483,648 to
+2,147,483,647 for double precision.

Floating point binary values are represented in a format that
permits arithmetic to be performed in a fashion analogous to
operations with decimal values expressed in scientific nota-
tion. :

(5.83 x 10%)(8.16 x 10") = (4.75728 x 10*)

In the decimal system, data may be expressed as values be-
tween 0 and 10 times 10 raised to a power that effectively
shifts the implied decimal point right or left the number of
places necessary to express the result in conventional form
(e.g., 47,572.8). The value-portion of the data is called the
mantissa. The exponent may be either negative or positive.

The concept of floating point notation has both a gain and a
loss associated with it. The gain is the ability to represent the
significant digits of data with values spanning a large dynamic
range limited only by the capacity of the exponent field. For
example, in decimal notation if the exponent field is two digits
wide, and the mantissa is five digits, a range of values (posi-
tive or negative) from 1.0000 x 107°° to 9.9999 x 1079 can
be accommodated. The loss is that only the significant digits
of the value can be represented. Thus there is no distinction
in this representation between the values 123451 and
123452, for example, since each would be expressed
as: 1.2345 x 10°. The sixth digit has been discarded. In most
applications where the dynamic range of values to be rep-
resented is large, the loss of significance, and hence accuracy
of results, is a minor consideration. For greater precision a
fixed point format could be chosen, although with a loss of po-
tential dynamic range.

The Am9511 is a binary arithmetic processor and requires
that floating point data be represented by a fractional man-
tissa value between .5 and 1 multiplied by 2 raised to an ap-
propriate power. This is expressed as follows:

value = mantissa x 28xPonent

For example, the value 100.5 expressed in this form is
0.11001001 x 27. The decimal equivalent of this value may be
computed by summing the components (powers of two) of the
mantissa and then multiplying by the exponent as shown be-
low:

value= 27V + 272+ 275 + 279 x 27

= (0.5 + 0.25 + 0.03125 + 0.00290625) x 128
0.78515625 x 128
= 100.5

FLOATING POINT FORMAT

The format for floating-point values in the Am9511A is given
below. The mantissa is expressed as a 24-bit (fractional) value;
the exponent is expressed as an unbiased two's complement
7-bit value having a range of —64 to +63. The most significant
bit is the sign of the mantissa (0 = positive, 1 = negative), for a
total of 32 bits. The binary point is assumed to be to the left of
the most significant mantissa bit (bit 23). All floating-point data
values must be normalized. Bit 23 must be equal to 1, except for
the value zero, which is represented by all zeros.

Mi—; EXPONENT MANTISSA
EY o 100 N O 0 O K e O O T O
3130 24 23 0

The range of values that can be represented in this format is
+(2.7 x 1072° t0 9.2 x 10'®) and zero.

STATUS REGISTER

The Am9511A contains an eight bit status register with the fol-
lowing bit assignments:

BUSY | SIGN | ZERO ERROR CODE CARRY
7 6 5 4 3 2 1 0
BUSY: Indicates that Am3511A is currently executing a com-

mand (1 = Busy).

SIGN: Indicates that the value on the top of stack is negative
(1 = Negative).
ZERO: Indicates that the value on the top of stack is zero

(1 = Value is zero).
ERROR This field contains an indication of the validity of the
CODE: result of the last operation. The error codes are:
0000 — No error
1000 — Divide by zero
0100 — Square root or log of negative number
1100 — Argument of inverse sine, cosine, or e* too
large
XX10 — Underflow
XX01 — Overflow
CARRY: Previous operation resulted in carry or borrow from
most significant bit. (1 = Carry/Borrow, 0 = No
Carry/No Borrow)

If the BUSY bit in the status register is a one, the other status
bits are not defined; if zero, indicating not busy, the operation is
complete and the other status bits are defined as given above.




Table 1.

Command | Hex Code | Hex Code Execution Summary
Mnemonic (sr = 1} (sr = 0) Cycles Description
16-BIT FIXED-POINT OPERATIONS

SADD EC 6C 16-18 Add TOS to NOS. Resuit to NOS. Pop Stack.

SsuB ED 6D 30-32 Subtract TOS from NOS. Result to NOS. Pop Stack.

SMUL EE 6E 84-94 Multiply NOS by TOS. Lower result to NOS. Pop Stack.

SMUU F6 76 80-98 Muitiply NOS by TOS. Upper result to NOS. Pop Stack.

sDIv EF 6F 84-94 Divide NOS by TOS. Result to NOS. Pop Stack.

32-BIT FIXED-POINT OPERATIONS

DADD AC 2C 20-22 Add TOS to NOS. Result to NOS. Pop Stack.

DsSuUB AD 2D 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack.

DMUL AE 2E 194-210 Multiply NOS by TOS. Lower result to NOS. Pop Stack.

DMUU B6 36 182-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack.

DDIV AF 2F 196-210 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-PQINT PRIMARY OPERATIONS

FADD 90 10 54-368 Add TOS to NOS. Result to NOS. Pop Stack.

FSUB 91 11 70-370 Subtract TOS from NOS. Result to NOS. Pop Stack.

FMUL 92 12 146-168 * Multiply NOS by TOS. Result to NOS. Pop Stack.

FDIV 93 13 154-184 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT DERIVED OPERATIONS

SQRT 81 01 782-870 Square Root of TOS. Result to TOS.

SIN 82 02 3796-4808 . Sine of TOS. Result to TOS.

Ccos 83 03 3840-4878 Cosine of TOS. Result to TOS.

TAN 84 04 4894-5886 Tangent of TOS. Result to TOS.

ASIN 85 05 6230-7938 Inverse Sine of TOS. Result to TOS.

ACOS 86 06 6304-8284 inverse Cosine of TOS. Result to TOS.

ATAN 87 07 4992-6536 Inverse Tangent of TOS. Result to TOS.

LOG 88 08 4474-7132 Common Logarithm of TOS. Result to TOS.

LN 89 09 4298-6956 Natural Logarithm of TOS. Result to TOS.

EXP 8A 0A 3794-4878 @ raised to power in TOS. Result to TOS.

PWR eB 0B 8280-12032 NOS raised to power in TOS. Resuilt to NOS. Pop Stack.
DATA AND STACK MANIPULATION OPERATIONS

NOP 80 00 4 No Operation. Clear or set SVREQ.

FIXS oF 1F 90-214 } ¢ 3 - ‘

Convert TOS from floating point format to fixed point format.
FIXD 9E 1E 90-336
FLTS 9D 1D 62-156 } : : ; ;
Convert TOS from fixed point format to floating point format.

FLTD 9C 1C 56-342

it P g gEas } Change sign of fixed point operand on TOS.

CHSD B4 34 26-28

CHSF 95 15 16-20 Change sign of floating point operand on TOS.

PTOS F7 rid 16

PTOD B7 37 20 Push stack. Duplicate NOS in TOS.

PTOF 97 17 20

POPS F8 78 10

POPD B8 38 12 Pop stack. Old NOS becomes new TOS. Old TOS rotates to bottom.

POPF 98 18 i2

XCHS F9 79 18

XCHD B9 39 26 Exchange TOS and NOS.

XCHF 99 19 26

PUPI 9A 1A 16 Push floating point constant o onto TOS. Previous TOS becomes NOS.




COMMAND DESCRIPTIONS

This section contains detailed descriptions of the APU com-
mands. They are arranged in alphabetical order by command
mnemonic. In the descriptions, TOS means Top Of Stack and
NOS means Next On Stack.

All derived functions except Square Root use Chebyshev
polynomial approximating algorithms. This approach is used
to help minimize the internal microprogram, to minimize the
maximum error values and to provide a relatively even dis-
tribution of errors over the data range. The basic arithmetic
operations are used by the derived functions to compute the
various Chebyshev terms. The basic operations may produce
error codes in the status register as a result.

Execution times are listed in terms of clock cycles and may
be converted into time values by multiplying by the clock
period used. For example, an execution time of 44 clock cy-

cles when running at a 3MHz rate translates to 14 micro-
seconds (44 x 32us = 14us). Variations in execution cycles
reflect the data dependency of the algorithms.

In some operations exponent overflow or underflow may be
possible. When this occurs, the exponent returned in the re-
sult will be 128 greater or smaller than its true value.

Many of the functions use portions of the data stack as
scratch storage during development of the results. Thus pre-
vious values in those stack locations will be lost. Scratch loca-
tions destroyed are listed in the command descriptions and
shown with the crossed-out locations in the Stack Contents
After diagram.

Table 1 is a summary of all the Am9511A commands. It shows
the hex codes for each command, the mnemonic abbreviation, a
brief description and the execution time in clock cycles. The
commands are grouped by functional classes.

The command mnemonics in alphabetical order are shown
below in Table 2.

Table 2.
Command Mnemonics in Alphabetical Order.

ACOS ARCCOSINE

ASIN ARCSINE

ATAN ARCTANGENT

CHSD CHANGE SIGN DOUBLE
CHSF CHANGE SIGN FLOATING
CHSS CHANGE SIGN SINGLE
COoSs COSINE

DADD DOUBLE ADD

DDIV DOUBLE DIVIDE

DMUL DOUBLE MULTIPLY LOWER
DMUU DOUBLE MULTIPLY UPPER
DsuB DOUBLE SUBTRACT

EXP EXPONENTIATION (&%)
FADD FLOATING ADD

FDIV FLOATING DIVIDE

FIXD FIX DOUBLE

FIXS FIX SINGLE

FLTD FLOAT DOUBLE

FLTS FLOAT SINGLE

FMUL FLOATING MULTIPLY
FsSuUB FLOATING SUBTRACT

LOG COMMON LOGARITHM

LN NATURAL LOGARITHM
NOP NO OPERATION

POPD POP STACK DOUBLE
POPF POP STACK FLOATING
POPS POP STACK SINGLE
PTOD PUSH STACK DOUBLE
PTOF PUSH STACK FLOATING
PTOS PUSH STACK SINGLE
PUPI PUSH 7

PWR POWER (X")

SADD SINGLE ADD

SDIV SINGLE DIVIDE

SIN SINE

SMUL SINGLE MULTIPLY LOWER
SMUU SINGLE MULTIPLY UPPER
SQRT SQUARE ROOT

SSUB SINGLE SUBTRACT

TAN TANGENT

XCHD EXCHANGE OPERANDS DOUBLE
XCHF EXCHANGE OPERANDS FLOATING
XCHS EXCHANGE OPERANDS SINGLE




ACOS

32-BIT FLOATING-POINT INVERSE COSINE

7 B 5 4 @ 2 1 @
Binary Coding: [sr [0 [0 [0 [0 [1][1] 0|

Hex Coding: 86 with sr = 1

06 with sr = 0
Execution Time: 6304 to 8284 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the
32-bit floating-point inverse cosine of A. The result R is a value in
radians between 0 and . Initial operands A, B, C and D are lost.
ACOS will accept all input data values within the range of —1.0 to
+£1.0. Values outside this range will return an error code of 1100
in the status register.

Accuracy: ACOS exhibits a maximum relative error of 2.0 x

10~7 over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS
BEFORE AFTER

ATAN

32-BIT FLOATING-POINT
INVERSE TANGENT

7 & 5 4 83 2 1 0
Binary Coding: [sr [ 0 [0 Jo [o [t [1] 1]

Hex Coding: 87 with sr = 1

07 with sr = 0
Execution Time: 4992 to 6536 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the

32-bit floating-pointinverse tangent of A. The result Ris a value in

radians between —=/2 and +/2. Initial operands A, C and D are

lost. Operand B is unchanged.

ATAN will accept all input data values that can be represented in

the floating point format.

Accuracy: ATAN exhibits a maximum relative error of 3.0 x
107 over the input data range.

Status Affected: Sign, Zero

STACK CONTENTS

A - TOS —= R

B

C

D

! 32 |

ASIN

32-BIT FLOATING-POINT INVERSE SINE

7 6 5 4 3 2 1 0
BinaryCoding:{srlD|0‘OIO|1i0]1l

Hex Coding: 85 with sr = 1

05 with sr = 0
Execution Time: 6230 to 7938 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the
32-bit floating-point inverse sine of A. The result R is a value in
radians between —=/2 and +/2. Initial operands A, B, C and D
are lost.

ASIN will accept all input data values within the range of —1.0to

+1.0. Values outside this range will return an error code of 1100 -

in the status register.

Accuracy: ASIN exhibits a maximum relative error of 4.0 x
1077 over the valid input data range.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS
BEFORE AFTER

BEFORE AFTER
A le— TOS —=| R
B B
e
D
|t——— 32— 32—

CHSD

32-BIT FIXED-POINT SIGN CHANGE

T By e e TR ] 0
BinawCoding:15r|0|1l1|0]1|010|

Hex Coding: B4 with sr =1

34 withsr =0
Execution Time: 26 to 28 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at
the TOS is subtracted from zero. The result R replaces A at
the TOS. Other entries in the stack are not disturbed.
Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible
in the format since no positive equivalent exists.

Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

A -— TOS —| R

B

C

D

BEFORE AFTER
A - TOS 7% R
B B
C o]
D D

|-—-—— FR =



i

N e e vty

CHSF

32-BIT FLOATING-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
Binary Coding: | sr | 0 [ o | 1 [ o[ 1] o] 1|

Hex Coding: 95 withsr = 1
15 withsr = 0
Execution Time: 16 to 20 clock cycles
Description: ' ‘

The sign of the mantissa of the 32-bit floating-point operand A a
the TOS is inverted. The result R replaces A at the TOS. Other
stack entries are unchanged.
If A is input as zero (mantissa MSB = 0), no change is made.
Status Affected: Sign, Zero

STACK CONTENTS
BEFORE

COS

32-BIT FLOATING-POINT COSINE

BInaryCodIng:{sr l 0 | 0 1 0 [ O'J 0 ] 1 ] :J |

Hex Coding: 83 with sr = 1

03 withsr =0
Execution Time: 3840 to 4878 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point cosine of A. A is assumed to be in
radians. Operands A, C and D are lost. B is unchanged.

The COS function can accept any input data value that can
be represented in the data format. All input values are range
reduced to fal] within an interval of —/2 to +/2 radians.
Accuracy: COS exhibits a maximum relative error of 5.0 x

AFTER 1077 for all input data values in the range of —2m
to +2x radians.
A -—TO0S = R Status Affected: Sign, Zero
B B
5 c STACK CONTENTS
= = BEFORE AFTER
B B
Cc
D
CHSS = —a—

16-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 1 | 1 [ 1 ][0 ] 1] 0] 0|
Hex Coding: F4 with st = 1

74 with sr = 0
Execution Time: 22 to 24 clock cycles
Description:

16-bit fixed-point two's complement integer operand A atthe TOS
is subtracted from zero. The result R replaces A at the TOS. All
other operands are unchanged.

Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible in
the format since no positive equivalent exists.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER

D

A ———TO0S ———

I MmO O @
IIO(mMmmMmO O|®

f
il
!
:
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DADD

32-BIT FIXED-POINT ADD

% o e e
Binary Coding:[sr [0 [ 1 [o[1 [ 1] 0] 0|

Hex Coding: AC with sr =1

2C withsr =0
Execution Time: 20 to 22 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at the
TOS is added to the 32-bit fixed-point two’'s complement integer
operand B at the NOS. The result R replaces operand B and the
Stack is moved up so that R occupies the TOS. Operand Bis lost.
Operands A, C and D are unchanged. If the addition generates a
carry it is reported in the status register.

If the result is too large to be represented by the data format, the
least significant 32 bits of the result are returned and overflow
status is reported.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS
BEFORE AFTER
A ] ©. e R
B C
c D
D A
| 32 —— e




DDIV

32-BIT FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0
BinaryCoding:{sr] 0 1 1 | 0 1 1 l | 1 ‘ 1 .
Hex Coding: AF withsr = 1

2F with sr = 0

Execution Time: 196 to 210 clock cycles when A # 0

18 clock cycles when A = 0.

Description:

The 32-bit fixed-point two's complement integer operand B at
NOS is divided by the 32-bit fixed-point two's complement in-
teger operand A at the TOS. The 32-bit integer quotient R re-
places B and the stack is moved up so that R occupies the
TOS. No remainder is generated. Operands A and B are lost.
Operands C and D are unchanged.

If A is zero, R is set equal to B and the dlwde-by—zero error
status will be reported. If either A or B is the most negative
value possible in the format, R will be meaningless and the
overflow error status will be reported.

" Status Affected: Sign, Zero, Error Field
STACK CONTENTS

BEFORE AFTER
A T OGS — R
B Cc
Cc D
D

|—— 32 ——=| la——— 32—

DMUL

32-BIT FIXED-POINT MULTIPLY, LOWER

rd 6 5 4 3 2 1 0

BinaryCoding:'sr]O|1‘0| |1|110|
Hex Coding: AE with sr =1
2E withsr =0
Execution Time: 194 to 210 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at the
TOS is multiplied by the 32-bit fixed-point two's complement in-
teger operand B at the NOS. The 32-bit least significant half of the
product R replaces B and the stack is moved up so that R oc-
cupies the TOS. The most significant half of the product is lost.
Operands A and B are lost. Operands C and D are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can
be represented in the format, that value is returned as R and
the overflow status is set.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

DMUU

32-BIT FIXED-POINT MULTIPLY, UPPER

7 6 5 4 3 2 1 0
BinaryCoding:FrlOl11 l0|1!1lol

Hex Coding: B6 with sr = 1

36 withsr = 0
Execution Time: 182 to 218 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at
the TOS is multiplied by the 32-bit fixed-point two's compie-
ment integer operand B at the NOS. The 32-bit most signifi-
cant half of the product R replaces B and the stack is moved
up so that R occupies the TOS. The least significant half of
the product is lost. Operands A and B are lost. Operands C
and D are unchanged.

If A or B was the most negative value possible in the format,
overflow status is set and R is meaningless.

Status Affected: Sign, Zero, Overflow

BEFORE STACK CONTENTS AFTER
A |=—TOS —=| R
B C
C D
D
|le—— 32— |-——— 30—

DSUB

32-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [ 1 [o [ 1 [1]o] 1]
Hex Coding:  AD with sr = 1
2D with sr = 0
Execution Time: 38 to 40 clock cycles
Description:

The 32-bit fixed-point two's complement operand A at the
TOS is subtracted from the 32-bit fixed-point two's comple-
ment operand B at the NOS. The difference R replaces
operand B and the stack is moved up so that R occupies the
TOS. Operand B is lost. Operands A, C and D are un-
changed.

if the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overilow status is set. If the result
cannot be represented in the data format range, the overflow
bit is set and the 32 least significant bits of the result are re-
turned as R.

Status Affected: Sign, Zero, Carry, Overflow

STACK CONTENTS

BEFORE AFTER
A ~—TOS —= R
B c
G D
D
- 32— | 32 -|

11

BEFORE AFTER
A ~—TOS—= R
B c
c D
D A
-~ 3 —— f—— 32 ——=




EXP

32-BIT FLOATING-POINT &*

7 6 5 4 3 2 1 0
0

[o[1Jofi]o]

Binary Coding:i sr \ 0 |
8A with sr = 1
0A with sr = 0

Execution Time: 3794 to 4878 clock cycles for |Al < 1.0 x 2°
34 clock cycles for |Al > 1.0 x 25

Hex Coding:

Description:

The base of natural logarithms, e, is raised to an exponent value

specified by the 32-bit floating-point operand A at the TOS. The

result R of e” replaces A. Operands A, C and D are lost. Operand

B is unchanged.

EXP accepts all input data values within the range of —1.0 x

to +1.0 x 25, Input values outside this range will return a code of

1100 in the error field of the status register.

Accuracy: EXP exhibits a maximum relative error of 5.0 x
1077 over the valid input data range.

Status Affected: Sign, Zero, Error Field

2+5

STACK CONTENTS

FDIV

32-BIT FLOATING-POINT DIVIDE

786 & 4 8 2 1.0
Binary Coding: [sr [0 [0 [ 1 [ oo [ 1] 1]
Hex Coding: 93 with sr = 1

13 with sr = 0

Execution Time: 154 to 184 clock cycles for A # 0

22 clock cycles for A =0
Description:
32-bit floating-point operand B at NOS is divided by 32-bit
floating-point operand A at the TOS. The result R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.
If operand A is zero, R is set equal to B and the divide-by-zero
error is reported in the status register. Exponent overflow or
underflow is reported in the status register, in which case the
mantissa portion of the result is correct and the exponent portion
is offset by 128.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A -~ TOS — R
B B
6 | e
D

FADD

32-BIT FLOATING-POINT ADD

7 6 5 4 3 2 1 0
1

BinaryCoding:(sr}O!ol |olo‘olg
Hex Coding: 90 with sr = 1
10 with sr = 0

Execution Time: 54 to 368 clock cycles for A # 0

24 clock cycles for A = 0
Description:
32-bit floating-point operand A at the TOS is added to 32-bit
floating-point operand B at the NOS. The result R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.
Exponent alignment before the addition and normalization of the
result accounts for the variation in execution time. Exponent
overflow and underflow are reported in the status register, in
which case the mantissa is correct and the exponent is offset by
128.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A [ TOS——» R
B C
C D
D

BEFORE AFTER
A - TOS —= R
B G
G D
D
_— 3 |+—— 32—

FIXD

32-BIT FLOATING-POINT TO
32-BIT FIXED-POINT CONVERSION

v 6 5 4 3 2 1 0
Binary Coding: [ sr [0 [o [ 1 [ 1] 1 [ 1] 0]
Hex Coding: 9E with sr = 1
1E withsr =0
Execution Time: 90 to 336 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
32-bit fixed-point two's complement integer. The result R re-
places A. Operands A and D-are lost. Operands B and C are
unchanged.

If the integer portion of A is larger than 31 bits when con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.

Status Affected: Sign, Zero Overflow

STACK CONTENTS

BEFORE AFTER
A -—TOS % R
B B
c C
D

- 32— - 30—

12

~



4

FIXS

32-BIT FLOATING-POINT TO
16-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
BinawCoding:Er‘OJ0|1 |1 |1 i1 I 1J
Hex Coding:  9F with sr = 1

1F with sr = 0
Execution Time: 90 to 214 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
16-bit fixed-point two's complement integer. The result R re-
places the lower half of A and the stack is moved up by two
bytes so that R occupies the TOS. Operands A and D are
lost. Operands B and C are unchanged, but appear as upper
(u) and lower (1) halves on the 16-bit wide stack if they are
32-bit operands.

If the integer portion of A is larger than 15 bits when con-
verted, the overflow status will be set and A will not be

~ changed. Operand D, however, will still be lost.

Status Affected: Sign, Zero, Overflow
STACK CONTENTS

BEFORE AFTER
A e TOS ————— R
B Bu
& BI
D B Cu
|e—— 32— ol
16 —=]

FLTD

32-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

T T S RN 2 1 0
BinaryCoding:\sr‘OIO}111.1lo\oi

Hex Coding: 9C with sr = 1

1C with sr = 0
Execution Time: 56 to 342 clock cycles
Description:

32-bit fixed-point two's complement integer operand A atthe TOS
is converted to a 32-bit floating-point number. The result R re-
places A atthe TOS. Operands A and D are lost. Operands B and
C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

FLTS

16-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
BinaryCoding:{sr|0‘0|1i1|1|°11J

Hex Coding: 9D with sr = 1

1D with sr = 0
Execution Time: 62 to 156 clock cycles
Description:

16-bit fixed-point two’s complement integer A at the TOS is
converted to a 32-bit floating-point number. The lower half of the
result R (RI) replaces A, the upper half (Ru) replaces H and the
stack is moved down so that Ru occupies the TOS. Operands A,
F, G and H are lost. Operands B, C, D and E are unchanged.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A T OS5 —————| Ru

B RI

o B

D C

E D

F E

G

H i

la— 16— 16—

FMUL

32-BIT FLOATING-POINT

MULTIPLY
7 6 5 4 3 2 1 0
Binary Coding: | st | 0 | 0 | 1 Lo e i
Hex Coding: 92 with sr = 1
12 withsr =0
Execution Time: 146 to 168 clock cycles
Description:

32-bit floating-point operand A at the TOS is multiplied by the
32-bit floating-point operand B at the NOS. The normalized result
R replaces B and the stack is moved up so that R occupies the
TOS. Operands A and B are lost. Operands C and D are un-
changed.

Exponent overflow or underflow is reported in the status register,
in which case the mantissa portion of the result is correct and the
exponent portion is offset by 128.

Status Affected: Sign, Zero, Error Field

BEFORE STACK CONTENTS AFTER
A - TOS — R
B C
Cc D
D

BEFORE AFTER
A - TOS —= R
B B
o C
= :
! 32 - B —

13




FSUB

32-BIT FLOATING-POINT SUBTRACTION
1.0

7 6 5 4 3 2
BinawCoding:‘jr| 0 [ 0 | 1 [ 0 ] 0 ' Di 1
91 with sr = 1
11 withsr = 0

Execution Time: 70 to 370 clock cycles for A # 0
26 clock cycles for A = 0

Hex Coding:

Description:

32-bit floating-point operand A at the TOS is subtracted from
32-bit floating-point operand B at the NOS. The normalized
difference R replaces B and the stack is moved up so that R
occupies the TOS. Operands A and B are lost. Operands C
and D are unchanged.

Exponent alignment before the subtraction and normalization
of the result account for the variation in execution time.
Exponent overflow or underflow is reported in the status regis-
ter in which case the mantissa portion of the result is correct
and the exponent portion is offset by 128,

.Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE AFTER
A - OS ——= R
B c
C D
D

LOG

32-BIT FLOATING-POINT

COMMON LOGARITHM
U S - R O S S

Binary Coding: srlOlOiO|1!0IO{O‘1

Hex Coding: 88 with sr = 1
08 with sr = 0
Execution Time: 4474 to 7132 clock cycles for A > 0
20 clock cycles for A < 0

Description:

The 32-bit floating-point operand A at the TOS is replaced by R,

the 32-bit floating-point common logarithm (base 10) of A.

Operands A, C and D are lost. Operand B is unchanged.

The LOG function accepts any positive input data value that can

be represented by the data format. if LOG of a non-positive value

is attempted an error status of 0100 is returned.

Accuracy: LOG exhibits a maximum absolute errorof 2.0x 10~7
for the input range from 0.1 to 10, and a maximum
relative error of 2.0 x 1077 for positive values less
than 0.1 or greater than 10.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A -~ T0S —= R
B B
@
D
-~ 32— - 32 -]
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LN

32-BIT FLOATING-POINT
NATURAL LOGARITHM

7 & &5 4 4 2 91 0
BinaryCoding:’srlOIO ‘ 0 ’ 1 10 IM 1—|
Hex Coding: 89 with sr = 1

09 withsr = 0

Execution Time: 4298 to 6956 clock cycles for A > 0
20 clock cycles for A< 0

Description:

The 32-bit floating-point operand A at the TOS is replaced by

R, the 32-bit floating-point natural logarithm (base e) of A.

Operands A, C and D are lost. Operand B is unchanged.

The LN function accepts all positive input data values that can

be represented by the data format. If LN of a non-positive

number is attempted an error status of 0100 is returned.

Accuracy: LN exhibits a maximum absolute error of 2 x 10~7
for the input range from e to e, and a maximum
relative error of 2.0 x 10~ 7 for positive values less
than e or greater than e.

Status Affected: Sign, Zero, Error Field

BEFORE  STACK CONTENTS AFTER
A EOSE, /. R
B . B
c
D

le—32 | fe——30—

NOP

OPERATION
7 By SiEadE 0 3 - 59 1 0
Binary Coding: Lsr l 0 | 0 | 0 | 0 | 0 , 0 I O‘l

Hex Coding: 80 with sr = 1

00 with sr = 0
Execution Time: 4 clock cycles
Description:

The NOP command performs no internal data manipulations. it
may be used to set or clear the service request interface line
without changing the contents of the stack.

Status Affected: The status byte is cleared to all zeroes.



POPD

32-BIT
STACK POP

7 6 5 4 3 2 i 0
Binary Coding: [ sr [ 0 [ 1 [ 1 [ 1] 0] 0 | o
Hex Coding: B8 with sr = 1

38 withsr = 0
Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged. POPD and POPF execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS
BEFORE AFTER
A TS B
B Cc
c D
D A

|
|

POPF

32-BIT
STACK POP

QT T T
Binary Coding: [sr | 0 | 0 [1 [1]o o] o]

Hex Coding: 98 with sr = 1

18 with sr = 0
Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. The old TOS rotates to the bottom of the stack. All
operand values are unchanged. POPF and POPD execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

POPS

16-BIT
STACK POP

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 1 [ 1 |1 [ 1][o]o] o]

Hex Coding: FBwithsr =1

78 with sr = 0
Execution Time: 10 clock cycles
Description:

The 16-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS
BEFORE AFTER
A = TOS = B
B Cc
c D
D E
E F
F G
G H
H A
le— 16—l f— 16 —o]
PUSH 32-BIT
TOS ONTO STACK
7 6 5 4 3 2 1 0
BinaryCoding:Isr| 0 l1 lt l0]1 | 1 | 1 |
Hex Coding: B7 with sr = 1
37 withsr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is
copied into the new TOS location. Operand D is lost. All other
operand values are unchanged. PTOD and PTOF execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A [—TOS——* B
B C
C D
D A

BEFORE AFTER
A TOS A
B A
C B
D c

|—— 30—

15



PTOF

PUSH 32-BIT
TOS ONTO STACK

/i B 5 4 3 2 1 0
BinaryCoding:|sr‘0|0]1|0|1|1Iﬂ

Hex Coding: 97 with sr = 1

17 withsr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is copied
into the new TOS location. Operand D is lost. All other operand
values are unchanged. PTOF and PTOD execute the same op-
eration.

Status Affected: Sign, Zero

STACK CONTENTS

PUPI

PUSH 32-BIT
FLOATING-POINT 77

7 6 5 4 3 2 1
Binary Coding: sr|0]0|1|1]0|1l

3

Hex Coding: 9A with sr = 1

1A withsr = 0
Execution Time: 16 clock cycles
Description:

The 32-bit stack is moved down so that the previous TCS oc-
cupies the new NOS location. 32-bit floating-point constant = is
entered into the new TOS location. Operand D is lost. Operands
A, B and C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A -~ TOS —= A
B A
¢ B
D G
| 32 | | 32 =

BEFORE AFTER
A -~ TOS —= T
B A
55 B
D e
|- 32 -] fe—32—=

PTOS

PUSH 16-BIT
TOS ONTO STACK

78 B & BB M B
BinaryCoding:[sr|1)1‘1|0|1[1]1—|

Hex Coding: F7 with sr = 1

77 with sr = 0
Execution Time: 16 clock cycles
Description:

The 16-bit stack is moved down and the previous TOS is copied
into the new TOS location. Operand H is lost and all other
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE
A ~

AFTER

TOS -

>

T [ @) ™ M De 5)|m
QMmO |O|m|>»

!
;
!
i
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PWR

32-BIT
FLOATING-POINT XY

7 6 5 4 3 2 1 0
BinaryCoding:lsr\O‘O-‘O‘110\1‘1'

Hex Coding: 8B with sr = 1

5 0B with sr = 0
Execution Time: 8290 to 12032 clock cycles
Description:

32-bit floating-point operand B at the NOS is raised to the power
specified by the 32-bit floating-point operand A at the TOS. The
result R of B replaces B and the stack is moved up so that R
occupies the TOS. Operands A, B, and D are lost. Operand C is
unchanged.
The PWR function accepts all input data values that can be
represented in the data format for operand A and all positive
values for operand B. If operand B is non-positive an error status
of 0100 will be returned. The EXP and LN functions are used to
implement PWR using the relationship B* = EXP [A(LN B)].
- Thus if the term [A(LN B)] is outside the range of —1.0 x 2™
+1.0x 25 an error status of 1100 will be returned. Underflow and
overflow conditions can occur.

Accuracy: The error performance for PWR is a function of
the LN and EXP performance as expressed by:
[(Relative Error)pwrl=|(Relative Error)gyp+|A(Absolute
Error) |

The maximum relative error for PWR occurs when
A is at its maximum value while [A(LN B)] is near
1.0 x 25 and the EXP e'ror is also at its maxi-
mum. For most practical applications the relative

error for PWR will be less than 7.0 x 107",
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A - TOS—= R
B G
C
D
= 32 -] |~—32—
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SADD

16-BIT
FIXED-POINT ADD
7 6 ) 4 3 2 1 0

Binary Coding: [ sr | 1 [ 1 [ o[ 1] 1 ]0o] o]
Hex Coding: EC with sr = 1

6C withsr = 0
Execution Time: 16 to 18 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is added to 16-bit fixed-point two's complement integer
operand B at the NOS. The result R replaces B and the stack
is moved up so that R occupies the TOS. Operand B is lost.
All other operands are unchanged.

If the addition generates a carry bit it is reported in the status
register. If an overflow occurs it is reported in the status regis-
ter and the 16 least significant bits of the result are returned.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
C D
D E
E F
F G
G H
H A
f— 16— l— 16—l



SDIV

16-BIT
FIXED-POINT DIVIDE

7 6 5 4 3
Binary Coding:‘sr 1 1 | 1 l 0 ‘ 1 l
EF with sr = 1
6F with sr = 0

Execution Time: 84 to 94 clock cycles for A # 0
14 clock cycles for A = 0

i

Hex Coding:

Description:

16-bit fixed-point two’'s complement integer operand B at the
NOS is divided by 16-bit fixed-point two's complement integer
operand A at the TOS. The 16-bit integer quotient R replaces B
and the stack is moved up so that R occupies the TOS. No
remainder is generated. Operands A and B are lost. All other
operands are unchanged.

If A is zero, R will be set equal to B and the divide-by-zero error
status will be reported.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS ~ R
B C
c D
D E
E F
F G
G H
H
e 16— f—16 —=
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SIN

32-BIT
FLOATING-POINT SINE

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [0 [0 ][ o| o[ 1] 0]

Hex Coding: 82 withsr = 1
02 with sr = 0
Execution Time: 3796 to 4808 clock cycles for IAl > 2712
radians
30 clock cycles for |Al = 272 radians
Description:

The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point sine of A. A is assumed to be in
radians. Operands A, C and D are lost. Operand B is un-
changed.

The SIN function will accept any input data value that can be

represented by the data format. All input values are range re-

duced to fall within the interval —=/2 to +/2 radians.

Accuracy: SIN exhibits a maximum relative error of 5.0 x
1077 for input values in the range of —27 to +27
radians.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A f=—TOS —= R
B B
c
D
| 32 | = 32 -

\.J



SMUL

16-BIT FIXED-POINT
MULTIPLY, LOWER

7 6 5 4 3 2 1 0
BinaryCoding:lsr}1l1|0|1l1|1|0
Hex Coding: EE with sr = 1

6E with sr = 0

Execution Time: 84 to 94 clock cycles

Description:

16-bit fixed-point two's complementinteger operand A at the TOS
is multiplied by the 16-bit fixed-point two’s complement integer
operand B at the NOS. The 16-bit least significant half of the
product R replaces B and the stack is moved up so that R
occupies the TOS. The most significant half of the product is lost.
Operands A and B are lost. All other operands are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can be
represented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A |e—T0S—— R
B C
C D
D 3
E F
F G
G H
H
l— 16 —= f—16—=
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SMUU

16-BIT FIXED-POINT
MULTIPLY, UPPER

7 - 6. 5 4 3. 2 1 0
BinaryCoding:[sr|1 11 |1 ‘0]1 I1]0]
Hex Coding: F6 with sr = 1

76 with sr. = 0
Execution Time: 80 to 98 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is multiplied by the 16-bit fixed-point two's complement
integer operand B at the NOS. The 16-bit most significant half
of the product R replaces B and the stack is moved up so that
R occupies the TOS. The least significant half of the product
is lost. Operands A and B are lost. All other operands are un-
changed.

If either A or B is the most negative value that can be rep-
resented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A fe——TOS——= R
B o
(o} D
D E
E F
F G
G H
H
e 16— fe—16 —e=1




SQRT

32-BIT FLOATING-POINT SQUARE ROOT

T ORETEE A 3l T g

Binary Coding: [ sr [0 [0 o [o o o[ 1]

Hex Coding: . 81 with sr = 1

01 withsr= 0
Execution Time: 782 to 870 clock cycles
Description:

32-bit floating-point operand A at the TOS is replaced by R, the
32-bit floating-point square root of A. Operands A and D are Iost
Operands B and C are not changed.

SQRT will accept any non-negative input data value that can be
represented by the data format. If A is negative an error code of
0100 will be returned in the status register.

Status Affected: Sign, Zero, Error Field

BEFORE.  STACK CONTENTS AFTER
B e -~ TOS —= R
B ; 2l B
5 - C
D
SRS - S |e— 32—

SSUB

16-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 1 0
Binary Coding: [sr | 1 | 1 o [ 1] 1 ]o] 1]
Hex Coding: ED with sr = 1
6D with sr = 0
Execution Time: 30 to 32 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is subtracted from 16-bit fixed-point two's complement in-
teger operand B at the NOS. The result R replaces B and the
stack is moved up so that R occupies the TOS. Operand B is
lost. All other operands are unchanged.
If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overflow status is set. If the result

cannot be represented in the format range, the overflow

status is set and the 16 least significant bits of the result are
returned as R.

Status Affected: Sign, Zero, Carry, Error Fseld
BEFORE STACK CONTENTS AFTER

o]

T|@:( Mm@
| T @M im0

f
§
!
|
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-Hex Coding:

32-BIT FLOATING-POINT TANGENT
_ 7.8 8 &
Binary Coding: [ sr | 0 [0 | 0 [0 [ 1] o,] 0|

84 with sr = 1
04 withsr = 0

. Execution Time: 4894 to 5886 clock cycles for |Al > 2712

radians

30 clock cycles for 1Al < 272 radians

' Description:
" The 32-bit floating-point operand A at the TOS is replaced by

the 32-bit floating-point tangent of A. Operand A is assumed

to be in radians. A, C and D are lost. B is unchanged. :

The TAN function will accept any input data value that can be

represented in the data format. All ‘input data values are

range-reduced to fall within —=/4 to +=/4 radians. TAN is un-

bounded for input values near odd multiples of #/2 and in

such cases the overflow bit is set in the status register. For

angles smaller than 2 '2 radians, TAN returns A as the tan-
gent of A.

Accuracy: TAN exhibits a maximum relative error of 5.0 x
1077 for input data values in the range of —2 to
+27 radians except for data values near odd mul-
tiples of w/2.

Status Affected: Sign, Zero, Error Field (overflow)

BEFORE  STACK CONTENTS AFTER
A  f=——TOS —= R
B B
= )
D
.‘ 32 | = 32 -

XCHD

EXCHANGE 32-BIT STACK OPERANDS

7 6 5 4 3 2 1 0

Binary Coding: st [0 [1 [ 1 [1]o]o ] 1]
Hex Coding: B9 with sr =1
39 with sr = 0 -
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation.

Status Affected: Sign, Zero,

BEFORE STACK CONTENTS AFTER

A TOS B

B A

C c

D D
o~ -~ 32—

)



T

XCHF

EXCHANGE 32-BIT
STACK OPERANDS

7 6 5 4 3 2 1 0
BinaryCoding:isr|010]1l1]0‘0l1|

Hex Coding: 99 with sr = 1

19 with sr = 0
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A -~ TOS — B
B A
5 G
D D
! 32 =] -— 32—
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XCHS
EXCHANGE 16-BIT
STACK OPERANDS

7 6 5 4 3 2 1 0
BinaryCoding:‘srl1|1|1|11010|1|

Hex Coding: F9 with sr = 1

79 withsr =0
Execution Time: 18 clock cycles
Description:

16-bit operand A at the TOS and 16-bit operand B.at,the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS
BEFORE

A e TG ————

AFTER

us)

I|@|MmMO|IO|D
I|IGIMMOO|>»
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MAXIMUM RATINGS beyo

nd which useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

-55°C to +125°C

VDD with Respect to VSS

—-0.5V to +15.0V

/CC with Respect to VSS —-0.5V to +7.0V
All Signal Voltages with Respect to VSS -0.5V to +7.0V
Power Dissipation (Package Limitation) 2.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Part Number Ambient Temperature VsS vCcC VDD
Am9511ADC 0°C < Tp = +70°C oV +5.0V 5% +12V £5%

Am9511ADM —55°C < Tp = +125°C ov +5.0V £10% +12V =10%

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1)

Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IOH = —200uA a7 Volts
VoL Output LOW Voltage IOL = 3.2mA 0.4 Volts
VIH Input HIGH Voltage 2.0 VCC Volts
VIL Input LOW Voltage —0.5 0.8 Volts
11X Input Load Current V8S = VI = VCC =10 uA
lov4 Data Bus Leakage el E e i A

VQ = VCC 10
Ty = +25°C 50 90
ICC VCC Supply Current Ta =0C 95 mA
: Ty = —55°C 100
Tp = +25°C 50 90
IDD VDD Supply Current Ta=0C 25 mA
Tp = —55°C 100
co Qutput Capacitance 8 10 pF
Cl Input Capacitance fc = 1.0MHz, Inputs = 0V 5 8 pF
Clo I/O Capacitance 10 12 pF
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SWITCHING CHARACTERISTICS over operating range (Notes 2, 3)

. Typical values are for Ty = 25°C, nominal supply voltages and
nominal processing parameters.

. Switching parameters are listed in alphabetical order.

. Test conditions assume transition times of 20ns or less, output
loading of one TTL gate plus 100pF and timing reference levels
of 0.8V and 2.0V.

. END low pulse width is specified for EACK tied to VSS. Other-
wise TEAE applies.

. Minimum values shown assume no previously entered com-
mand is being executed for the data access. If a previously
entered command is being executed, PAUSE LOW Pulse Width

23

Am95iiA Am8511A-1
Parameters Description Min. Max. Min. Max. Units
TAPW EACK LOW Pulse Width 100 75 ’ ns
TCDR C/D to RD LOW Set up Time 0 0 ns
TCDW C/D to WR LOW Set up Time 0 0 ns
TCPH Clock Pulse HIGH Width 200 140 ns
TCPL Clock Pulse LOW Width 240 160 ns
TCSR CS LOW to RD LOW Set up Time 0 ] ns
TCSW CS LOW to WR LOW Set up Time 0 ] ns
TCY Clock Period 480 5000 320 3300 ns
TDW Data Bus Stable to WR HIGH Set up Time 150 100 (Note 9) ns
TEAE EACK LOW to END HIGH Delay 200 175 ns
TEPW END LOW Pulse Width (Note 4) 400 300 ns
TOP Data Bus Output Valid to PAUSE HIGH Delay 0 0 ns
B SATISE oW Pilsa Wi Rses (i &1 Data 3.5TCY+50 | 5.5TCY+300 | 3.5TCY+50 | 5.5TCY+200 =
Status 1.5TCY+50 |3.5TCY+300 | 1.5TCY+50 | 3.5TCY+200
TPPWW PAUSE LOW Pulse Width Write (Note 8) 50 50 ns
TPR PAUSE HIGH to RD HIGH Hold Time ] ] ns
TPW PAUSE HIGH to WR HIGH Hold Time 0 0 ns
TRCD RD HIGH to C/D Hold Time 0 0 ns
TRCS RD HIGH to CS HIGH Hold Time 0 0 ns
TRO RD LOW to Data Bus ON Delay 50 50 ns
TRP RD LOW to PAUSE LOW Delay (Note 6) 150 _ 100 (Note 9) ns
TRZ RD HIGH to Data Bus OFF Delay 50 200 50 150 ns
TSAPW SVACK LOW Pulse Width 100 75 ns
TSAR SVACK LOW to SVREQ LOW Delay 300 200 ns
TWCD 'WR HIGH to C/D Hold Time 60 30 ns
TWCS WR HIGH to CS HIGH Hold Time 60 30 ns
TWD WR HIGH to Data Bus Hold Time 20 20 ns
™WI Wit Tt s, i i - o o0enend il ST ns
Data 4TCY 4TCY
TWP 'WR LOW to PAUSE LOW Delay (Note 6) 150 100 (Note 9) ns
NOTES is the time to complete execution plus the time shown. Status

may be read at any time without exceeding the time shown.

. PAUSE is pulled low for both command and data operations
. TEX is the execution time of the current command (see th¢

Command Execution Times table).

. PAUSE low pulse width is less than 50ns when writing into the

data port or the control port as long as the duty cycle require
ment (TWI) is observed and no previous command is being
executed. TWI may be safely violated as long as the extende
TPPWW that results is observed. If a previously entered com
mand is being executed, PAUSE LOW Pulse Width is the timi
to complete execution plus the time shown.

. 150ns for Am9511A-1DM.




SWITCHING WAVEFORMS

READ OPERATIONS

CLOCK
—d]
TCY TCPH TCPL

CHIP
SELECT

—

COMMAND/
DATA

|——————THC$

-4——|——TF|CD
/

TPR——|

'—TRP*‘ TPPWR

N /

|
—O—{ TRZ (MAX.)

PAUSE
RO [ TOP —=| ——{ |=—TRZ (MIN.)
“Rus :::”:’:t’ X OUTPUT VALID }‘———-

MOS-048

WRITE OPERATIONS

cHIP /
SELECT
l—— TCSW —-| TWes

COMMAND/ |

DATA
1"7 TCDW -4—4-—‘T\\‘CD

WRITE Z

e TPPWW e TPW Wi
FAUSE \ 3
i TOW ™D

3 KRR e _|

e e
" o Lol

\ TEAE

= |

TEX
(Note 7)

svREQ / AN L_

s
e

%

'ACK

MOS-04¢
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APPLICATION INFORMATION

The diagram in Figure 2 shows the interface connections for
the Am9511A APU with operand transfers handled by an
Amg517 DMA controller, and CPU coordination handled by an
Am9519 Interrupt Controller. The APU interrupts the CPU to
indicate that a command has been completed. When the per-
formance enhancements provided by the DMA and Interrupt

operations are not required, the APU interface can be
simplified as shown in Figure 1. The Am8511A APU is de-
signed with a genera| purpose 8-bit data bus and interface
control so that it can be conveniently used with any general
8-bit processor.

RDY fet——————Of PAUSE

ADDRESS BUS 3 ¥ >
cpy OB jO————=Of RD cb &
_— =5 AmIs11A
g OW jO——im———=0O WA ARITHMETIC
CLK cLk PROCESSOR
El UNIT

SYSTEM DATA BUS

>

Figure 1. Am9511A Minimum Configuration Example.

MOS-050

ALK ASK A6 M AT ADDRESS BUS

A0 > AO-A1E

i i AB-A1S

TO OTHER DMA DEVICES
Pl Aty
l %z *3
AD-A3 AL—AT

= ” Qo-a7
|§ . AEN

x o Am25L8373
e  AODRESSLATCH
{=] o
AD-A1S DMA CONTROLLER
HOLD HREQ
< |z i 28
HLDA HACK |E, = ]E |§ o x L
READY = Iz = = T o a o
} Tﬁ [* 3] (=]
MEMRA
MEMW
10R
0 oW
AmI0BDA
cPU
INT é L L. .Q.
s "6 WwaA AP oD €5 svReo SVACK ¢/ RD WR
XTAL g& Amgs18  TREQD 2 END
GINT  NTERRUPT o AmI511A
u HLoA BUSEN | | CONTROLLER ARITHMETIC
T WR Jo—t—=Of WR MEMR TACK g PROCESSING UNIT
MEMW JO—
Am224 DBIN DaIN o7 bo- DBO - DB7  PAUSE 7 CLK RESET PAUSE DBO-DB7 EACK
CLOCK SYNC SYNC 5
GENERATOR o o
2 o TR OTHER
o2 ] INTERRUPT =
A DEVICES
= RESINLREEET AESEY 00-07 <:$ pa-o7 D8O~ SYSTEM DATA 8US IDBO—DBT] » D8o-0B?
=1 ROYIN READY READY N
S . 1
57T ol 57578 B A
SELL CONTROLLER
] RESET
CLK

READY

Figure 2. Am9511A High Performance Configuration Example.

MOS-051
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PHYSICAL DIMENSIONS
Dual-in-Line

24-Pin Side-Brazed

=T R =A== =R — N =1
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Appendix D

Am9512 Data Sheet

The following material is copyrighted by Advanced Micro Devices,
Inc. It is reprinted here with the permission of Advanced Micro
Devices. This data sheet may not be reproduced for any purpose in

whole or part without the expressed written consent of the
copyright owner.



Am9512

Floating Point Processor
Advanced Micro Devices
Advanced MOS/LSI

DISTINCTIVE CHARACTERISTICS

Single (32-bit) and double (64-bit) precision capability
Add, subtract, multiply and divide functions
Compatible with proposed IEEE format

Easy interfacing to microprocessors

8-bit data bus

Standard 24-pin package

12V and 5V power supplies

Stack oriented operand storage

Direct memory access or programmed /O Data Transfers
End of execution signal

Error interrupt

All inputs and outputs TTL level compatible
Advanced N-channel silicon gate MOS technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9512 is a high performance floating-point processor unit
(FPU). It provides single precision (32-bit) and double precision
(64-bit) add, subtract, multiply and divide operations. It can be
easily interfaced to enhance the computational capabilities of
the host microprocessor.

The operand, result, status and command information transfers
take place over an 8-bit bidirectional data bus. Operands are
pushed onto an internal stack by the host processor and a com-
mand is issued to perform an operation on the data stack. The
results of this operation are available to the host processor by
popping the stack.

Information transfers between the Am9512 and the host proces-
sor can be handled by using programmed 1/O or direct memory
access techniques. After completing an operation, the Am9512
activates an “end of execution” signal that can be used to inter-
rupt the host processor.

BLOCK DIAGRAM

CONSTANT ROM TWO PORT DATA STACK CLOCK | CLK
128 X 17 8X17 GENERATOR it
VDD \/i i /\‘[‘ b1 $2
S | 17-8IT BUS ik
5 @ @ @
VsS
ERR
WORKING REGISTERS ARITHMETIC UNIT R 7,
MUX 10X 17 17 BITS
SVACK
ARITHMETIC | INSTRUCTION DECODE .« SVAEQ
SEQUENCER AND CONTROL
EACK
e e
8-BIT BUS t
] END
STATUS 16-8IT INTERFACE RESET
REGISTER MICROINSTRUCTION ey
REGISTER CONIROL =
DBO c/b
p—— er———
DB1
= T s o
DB2
—-—
DB3 COMMAND -
] oA REGISTER s
BUFFER
ST PROGRAM _l‘\ CONTROL ROM WH
—— COUNTER — /] 768 X 16 e
DB6
DO0 SUBROUTINE
DB7 STACK | PAUSE SE
—-——] 3X10
MOS-20¢
ORDERING INFORMATION
Package Ambient Maximum Clock Frequency
Type Temperature 2MHz IMHz
” 0°C <= Ty < 70°C AM9512DC AM9512-1DC
Hermetic DIP = =
-65°C = Ty = +125°C AM9512DM AMO512-1DM

Copyright © 1980 by Advanced Micro Devices, Inc.




CONNECTION DIAGRAM
Top View
vss e ~ 24 [ ] END
vee[ |2 o ozl Jok
EACK[ |3 22 [ ] RESET
SVACK [ |4 21| ]cid
svREQ [ |5 20 [ ]RD
ERR 6 WA
C L . Amsi2 :: ;-]] ;:
USE
peo[ |8 17 |[__| PAUSE
oei[_|e® 16 || voD
pB2 [| 10 15 ] oa7
pB3 [ |1 14 [ | DB6
pBa [ 12 13| ]oBS
Note: Pin 1 is marked for orientation. MOS-204

INTERFACE SIGNAL DESCRIPTION
VCC: +5V Power Supply

VDD: +12V Power Supply

VSS: Ground

CLK (Clock, Input)

An external timing source connected to the CLK input provides
the necessary clocking.

RESET (Reset, input)

A HIGH on this input causes initialization. Reset terminates any
operation in progress, and clears the status register to zero. The
internal stack pointer is initialized and the contents of the stack
may be affected. After a reset the END output, the ERR output
and the SVREQ output will be LOW. For proper initialization,
RESET must be HIGH for at least five CLK periods following
stable power supply voltages and stable clock.

C/D (Command/Data Select, Input)

The C/D input together with the RD and WR inputs determines the
type of transfer to be performed on the data bus as follows:

cD | RD | WR Function
L H L Push data byte into the stack
L 2 H Pop data byte from the stack
H H I Enter command
H L H Read Status
X L L Undefined
L = LOW
H = HIGH

X = DON'T CARE

END (End of Execution, Output)

A HIGH on this output indicates that execution of the current
command is complete. This output will be cleared LOW by ac-
tivating the EACK input LOW or performing any read or write
operation or device initialization using the RESET. If EACK is tied
LOW, the END output will be a pulse (see EACK description).

Reading the status register while a command execution is in
progress is allowed. However any read or write operation clears

the flip-flop that generates the END output. Thus such continu-
ous reading could conflict with intérnal logic setting of the END
flip-flop at the end of command execution.

EACK (End Acknowledge, Input)

This input when LOW makes the END output go LOW. As men-
tioned earlier HIGH on the END output signals completion of a
command execution. The END signal is derived from an internal
flip-flop which is clocked at the completion of a command. This
flip-flop is clocked to the reset state when EACK is LOW. Con-
sequently, if EACK is tied LOW, the END output will be a pulse
that is approximately one CLK period wide.

SVREQ (Service Request, Output)

A HIGH on this output indicates completion of a command. In
this sense this output is the same as the END output. However,
the SVREQ output will go HIGH at the completion of a com-
mand. This bit must be 1 for SVREQ to go HIGH. The SVREQ
can be cleared (i.e., go LOW) by activating the SVACK input
LOW or initializing the device using the RESET. Also, the
SVREQ will be automatically cleared after completion of any
command that has the service request bit as 0.

SVACK (Service Acknowledge, Input)

A LOW on this input clears SVREQ. If the SVACK input is per-
manently tied LOW, it will conflict with the internal setting of the
SVREQ output. Thus the SVREQ indication cannot be relied
upon if the SVACK is tied LOW.

DB0-DB7 (Data Bus, Input/Output)

These eight bidirectional lines are used to transfer command,
status and operand information between the device and the host
processor. DBO is the least significant and DB7 is the most
significant bit position. HIGH on a data bus line corresponds to 1
and LOW corresponds to 0.

When pushing operands on the stack using the data bus, the least
significant byte must be pushed first and most significant byte
last. When popping the stack to read the result of an operation,
the most significant byte will be available on the data bus first and
the least significant byte will be the last. Moreover, for pushing
operands and popping results, the number of transactions must
be equal to the proper number of bytes appropriate for the chosen
format. Otherwise, the internal byte pointer will not be aligned
properly. The Am9512 single precision format requires 4 bytes
and double precision format requires 8 bytes.

ERR (Error, Output)

This output goes HIGH to indicate that the current command
execution resulted in an error condition. The error conditions
are: attempt to divide by zero, exponent overflow and exponent
underilow. The ERR output is cleared LOW on read status reg-
ister operation or upon RESET.

The ERR output is derived from the error bits in the status
register. These error bits will be updated internally at an appro-
priate time during a command execution. Thus ERR output going
HIGH may not correspond with the completion of a command.
Reading of the status register can be performed while a com-
mand execution is in progress. However it should be noted that
reading the status register clears the ERR output. Thus reading
the status register while a command execution in progress may
result in an internal conflict with the ERR output.




—_——

TS (Chip Select, input)

This input must be LOW to accomplish any read or write operation
to the Am9512.

To perform a write operation, appropriate data is presented on
DBO through DBY lines, appropriate logic level on the C/D input
and the CS input is made LOW. Whenever WR and RD inputs
are both HIGH and CS is LOW, PAUSE goes LOW. However
actual writing into the Am@512 cannot start until WR is made
LOW. After initiating the write operation by the HIGH to LOW
transition on the WR input, the PAUSE output will go HIGH
indicating the write operation has been acknowledged. The WR
input can go HIGH after PAUSE goes HIGH. The data lines, c/D
input and the CS input can change when appropriate hold time
requirements are satisfied. See write timing diagram for details.

To perform a read operation an appropriate logic level is estab-
lished on the C/D input and CSis made LOW. The PAUSE output
goes LOW because WR and RD inputs are HIGH. The read
operation does not start until the RAD input goes LOW. PAUSE will
go HIGH indicating that read operation is complete and the re-
quired information is available on the DBO through DB7 lines. This
information will remain on the data lines as long as RD is LOW.
The RD input can return HIGH anytime after PAUSE goes
HIGH. The CS input and C/D input can change anytime after f RD
returns HIGH. See read timing diagram for details. If the CSis
tied LOW permanently, PAUSE will remain LOW until the next
Am9512 read or write access.

RD (Read, Input)

A LOW on this input is used to read information from an internal
location and gate that information onto the data bus. The CSinput
must be LOW to accomplish the read operation. The C/D /D input
determines what internal location is of interest. See C/D, CS input
descriptions and read timing diagram for details. If the END

output was HIGH, performing any read operation will make the
END output go LOW after the HIGH to LOW transition of the RD
input (assuming CS is LOW). If the ERR output was HIGH per-
forming a status register read operation will make the ERR out-
put LOW. This will happen after the HIGH to LOW transition of
the RD input (assuming CS is LOW).

WR (Write, Input)

A LOW on this input is used to transfer information from the data
bus into an internal location. The CS must be LOW to accomplish
the write operation. The C/D determines which internal location is
to be written. See C/D, CS input descriptions and write timing
diagram for details.

If the END output was HIGH, performing any write operation will
make the END outputgo LOW after the LOW to HIGH transition of
the WR input (assuming CS is LOW).

PAUSE (Pause, Output)

This output is a handshake signal used while performing read or
write transactionsg with the Am9512. If the WR and RD D inputs are
both HIGH, the PAUSE output goes LOW with the CS input in
anticipation of a transaction. if WR goes LOW to initiate a write
transaction with proper signals established on the DB0-DB7, c/D
inputs, the PAUSE will return HIGH indicating that the write
operation has been accomplished. The ‘WR can be made HIGH
after this event. On the other hand, if a read operation is desired,
the RD input is made LOW after fter activating CS LOW and estab-
lishing proper c/D input. (The PAUSE will go LOW in response to
CS going LOW. ) The PAUSE will return HIGH indicating comple-
tion of read. The RD can return HIGH after this event. It should be
noted that a read or write operation can be initiated without any
regard to whether a command execution is in progress or not.
Proper device operation is assured by obeying the PAUSE output
indication as described.

FUNCTIONAL DESCRIPTION

Major functional units of the Am9512 are shown in the block
diagram. The Amg9512 employs a microprogram controlled stack
oriented architecture with 17-bit wide data paths.

The Arithmetic Unit receives one of its operands from the
Operand Stack. This stack is an eight word by 17-bit two port
memory with last in — first out (LIFO) attributes. The second
operand to the Arithmetic Unit is supplied by the internal 17-bit
bus. In addition to supplying the second operand, this bidirec-
tional bus also carries the results from the output of the Arithmetic
Unit when required. Writing into the Operand Stack takes place
from this internal 17-bit bus when required. Also connected to this
bus are the Constant ROM and Working Registers. The ROM
provides the required constants to perform the mathematical
operations while the Working Registers provide storage for the
intermediate values during command execution.

Communication between the external world and the Am9512
takes place on eight bidirectional input/output lines, DBO through

DB7 (Data Bus). These signals are gated to the internal 8-bit bus
through appropriate interface and buffer circuitry. Multiplexing
facilities exist for bidirectional communication between the inter-
nal eight and 17-bit buses. The Status Register and Command
Register are also located on the 8-bit bus.

The Am9512 operations are controlied by the microprogram
contained in the Control ROM. The Program Counter supplies the
microprogram addresses and can be partially loaded from the
Command Register. Associated with the Program Counter is the
Subroutine Stack where return addresses are held during: sub-
routine calls in the microprogram. The Microinstruction Register
holds the current microinstruction being executed. The register
facilitates pipelined microprogram execution. The Instruction De-
code logic generates various internal control signals needed for
the Am9512 operation.

The Interface Control logic receives several external inputs and
provides handshake related outputs to facilitate interfacing the
Am9512 to microprocessors.

COMMAND FORMAT

The Operation of the Am8512 is controlled from the host proces-
sor by issuing instructions called commands. The command for-
mat is shown below:

SVREQ QP CODE

2 Tt (o S OV I

7 6 5 4 3 2 1 0

The command consists of 8 bits; the least significant 7 bits specify
the operation to be performed as delailed in the accompanying

table. The most significant bit is the Service Request Enable bit.
This bit must be a 1 if SVREQ is to go high at end of executing a
command.

The Am9512 commands fall into three categories: Single preci-
sion arithmetic, double precision arithmetic and data manipula-
tion. There are four arithmetic operations that can be performed
with single precision (32-bit), or double precision (64-bit)
floating-point numbers: add, subtract, multiply and divide. These
operations require two operands. The Am9512 assumes that
these operands are located in the internal stack as Top of Stack




(TOS) and Next on Stack (NOS). The result will always be re-
turned to the previous NOS which becomes the new TOS. Re-
sults from an operation are of the same precision and format as
the operands. The results will be rounded to preserve the accu-
racy. The actual data formats and rounding procedures are de-
scribed in a later section. In addition to the arithmetic operations,
the Am9512 implements eight data manipulating operations.
These include changing the sign of a double or single precision

operand located in TOS, exchanging single precision operands
located at TOS and NOS, as well as copying and popping single
or double precision operands. See also the sections on status
register and operand formats.

The Execution times of the AmS8512 commands are all data
dependent. Table 2 shows one example of each command exe-
cution time:

Table 1. Command Decoding Table.

Command Bits
76 § 4 3 2 1 0| Mnemonic Description
X 00 0 00 0 1 SADD Add TOS to NOS Single Precision and result to NOS. Pép stack.
X 00 0 0 0 1 0 SsuB Subtract TOS from NOS Single Precision and result to NOS. Pop stack.
X 0 0 0.0 0 4 A SMUL Multiply NOS by TOS Single Precision and result to NOS. Pop stack.
X 0 0 0 0 1 0 O SDIv Divide NOS by TOS Single Pracision and result to NOS. Pop stack.
X 000000t 0 CHSS Change sign of TOS Single Precision operand.
X 0 0 0 0 t 1.0 PTOS Push Single Precision operand on TOS 1o NOS.
b SR o 1SS e PR AN » el SO P POPS Pop Single Precision operand from TOS. NOS becomes TOS.
X 00 0 1 0 0 O XCHS Exchange TOS with NOS Single Precision.
X 0 4 0 Fo\. CHSD Change sign of TOS Double Precision operand.
X 0 1 0 1 1 1 0 PTOD Push Double Pracision operand on TOS o NOS.
X 0 20 31 3 4 POPD Pop Double Precision operand from TOS. NOS becomes TOS.
X 000 00 0 0 0 CLR CLR status.
X 0 1 0 0 0. DADD Add TOS to NOS Double Precision and result to NOS. Pop stack.
X 0 1 0 1@ 7 10 DSuUB Subtract TOS from NOS Double Precision and result to NOS. Pop stack.
X 0 1 0 3 0 1 4 DMUL Muitiply NOS by TOS Double Precision and result to NOS. Pop stack.
W00 N0 e N D DDIV Divide NOS by TOS Double Precision and result to NOS. Pop Stack.

Notes: X = Don't Care

Operation for bit combinations not listed above is undefined.

Table 2. Am8512 Execution Time in Cycles.

Single Precision

Double Precision

Min Typ Max Min Typ Max
Add 58 220 512 Add 578 1200 3100
Subtract 56 220 512 Subtract 578 1200 3100
Multiply 192 220 254 Multiply 1720 1770 1860
Divide 228 240 264 Divide 4560 4920 5120

Note: Typical for add and subiract, assumes the operands are within six decimal orders of magnitude. Max is derived from the
maximum execution time of 1000 executions with random 32-bit or 64-bit patterns.

Table 3. Some Execution Examples.

Command TOS NOS Resuit Clock periods
SADD 3F800000 3FB00000 40000000 58
§5uUB 3F800000 3FB800000 00000000 56
SMUL 40400000 3FC00000 40900000 198
SDIv 40000000 3F800000 3F000000 228
CHSS 3F800000 = BFB0O000O 10
PTOS 3F800000 = = 16
POPS 3F800000 = = 14
XCHS 3F800000 4000000 = 26
CHSD 3FF0000000000000 = BFF0000000000000 24
PTOD 3FF0000000000000 = = 40
POPD 3FF0000000000000 = = 26
CLR 3FF0000000000000 = = 4
DADD 3FFO0000A0000000 8000000000000000 3FFO0000A0000000 578
DSuB 3FF0O0000A0000000 8000000000000000 3FF0O0000A0000000 578
DMUL BFF8000000000000 3FF8000000000000 C002000000000000 1748
DDV BFF8000000000000 3FF8000000000000 BFF0000000000000 4560

Note: TOS, NOS and Result are in hexadecimal; Clock period is in decimal.
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COMMAND INITIATION

After properly positioning the required operands in the stack, a
command may be issued. The procedure forinitiating a command
execution is as follows:

1. Establish appropriate command on the DB0-DB?7 lines.

2. Establish HIGH on the C/D input.

3. Establish LOW on the TS input. Whenever WR and RD inputs
are HIGH the PAUSE output follows the CS input. Hence
PAUSE will become LOW.

4. Establish LOW on the WR input after an appropriate set up
time (see timing diagrams).

5. Sometime after the HIGH to LOW level transition of WR input,
the PAUSE. output will become HIGH to acknowledge the write
operation. The 'WR input can return to HIGH anytime after
PAUSE goes HIGH. The DB0-DB7, C/D and CS inputs are
allowed to change after the hold time requirements are satis-
fied (see timing diagram).

An attempt to issue a new command while the current command
execution is in progress is allowed. Under these circumstances,
the PAUSE output will not go HIGH until the current command
execution is completed.

OPERAND ENTRY

The Am9512 commands operate on the operands located at the
TO'S and NOS and results are returned to the stack at NOS and
then popped to TOS. The operands required for the Am9512 are
one of two formats — single precision floating-point (4 bytes) or
double precision floating-point (8 bytes). The result of an opera-
tion has the same format as the operands. in other words, op-
erations using single precision guantities always result in a
single precision result while operations involving double preci-
sion quantities will result in double precision resuit.

Operands are always entered into the stack least significant byte
first and most significant byte last. The following procedure must
be followed to enter operands into the stack:

1. The lower significant operand byte is established on the
DBO0-DB7 lines.

2. ALOW is established on the C/D input to specify that data is to
be entered into the stack.

3. The CS input is made LOW. Whenever the ‘WR and RD inputs
are HIGH, the PAUSE output will follow the CS input. Thus
PAUSE output will become LOW.

4. After appropriate set up time (see timing diagrams), the WR
input is made LOW.

5. Sometime after this event, PAUSE will return HIGH to indi-
cate that the write operation has been acknowledged.

6. Anytime afterthe PAUSE output goes HIGH the WR input can
be made HIGH. The DB0-DB7, C/D and CS inputs can change
after appropriate hold time requirements are satisfied (see
timing diagrams).

The above procedure must be repeated until all bytes of the
operand are pushed into the stack. It should be noted that for
single precision operands 4 bytes should be pushed and 8 bytes
must be pushed for double precision. Not pushing all the bytes of
a quantity will result in byte pointer misalignment.

The Am9512 stack can accommodate 4 single precision quan-
tities or 2 double precision quantities. Pushing more quantities
than the capacity of the stack will result in loss of data which is
usual with any LIFO stack.

REMOVING THE RESULTS

Result from an operation will be available at the TOS. Results can
be transferred from the stack to the data bus by reading the stack.

When the stack is popped for results, the most significant byte is
available first and the least significant byte last. A resultis always
of the same precision as the operands that produced it. Thus
when the result is taken from the stack, the total number of bytes
popped out should be appropriate with the precision — single
precision results are 4 bytes and double precision results are 8
bytes. The following prodedure must be used for reading the
result from the stack:

1. A LOW is established on the C/D input.

2. The CS inputis made LOW. When WR and RDinputs are both
HIGH, the PAUSE output follows the CS input, thus PAUSE
will be LOW,

3. After appropriate set up time (see timing diagrams), the RD
input is made LOW.

4. Sometime after this, PAUSE will return HIGH indicating that
the data is available on the DB0-DB7 lines. This data will
remain on the DB0-DB7 lines as long as the RD input remains
LOW.

5. Anytime after PAUSE goes HIGH, the RD input can return
HIGH to complete transaction.

6. The CS and C/D inputs can change after approprlata hold time
requirements are satisfied (see timing diagram).

7. Repeat this procedure until all bytes appropriate for the preci-
sion of the result are popped out.

Reading of the stack does not alter its data; itonly adjusts the byte
pointer. If more data is popped than the capacity of the stack, the
internal byte pointer will wrap around and older data will be read
again, consistent with the LIFO stack.

READING STATUS REGISTER

The Am9512 status register can be read without any regard to
whether a command is in progress or not. The only implication
that has to be considered is the effect this might have on the END
and ERR outputs discussed in the signal descriptions.

The following procedure must be followed to accomplish status
register reading.

1. Establish HIGH on the C/D input.

2. Establish LOW on the TS input. Whenever WR and RD in-
puts are HIGH, PAUSE will follow the CS input. Thus,
PAUSE will go LOW.

3. After appropriate set up time (see timing diagram) HD is
made LOW. b

4. Sometime after the HIGH to LOW transition of RD, PAUSE
will become HIGH indicating that status register contents are
available on the DBO0-DB7 lines. These lines will contain this
information as long as RD is LOW.

5. The RD input can be returned HIGH anytlme after PAUSE
goes HIGH.

6. The C/D input and CS input can change after satisfying ap-
propriate hold time requirements (see timing diagram).

DATA FORMATS

The Am9512 handles fioating-point quantities in two different
formats — single precision and double precision. The single pre-
cision quantities are 32-bits long as shown below.

—— IMPLIED BIT

31 30 23 22 2 1 0

Bit 31:

S = Sign of the mantissa. 1 represents negative and 0 repre-
sents positive,




Bits 23-30
E = These 8-bits represent a biased exponent. The bias is
27 —1 =127

Bits 0-22

M = 23-bit mantissa. Together with the sign bit, the mantissa
represents a signed fraction in sign-magitude notation.
There is an implied 1 beyond the most significant bit (bit 22)
of the mantissa. In other words, the mantissa is assumed to
be a 24-bit normalized quantity and the most significant bit
which will always be 1 due to normalization is implied. The
Am9512 restores this implied bit internally before performing
arithmetic; normalizes the result and strips the implied bit
before returning the results to the external data bus. The
binary point is between the implied bit and bit 22 of the
mantissa.

The quantity N represented by the above notation is

_L__I__Bias
Binary Point
N=(-1)8 25@1 (1w

Provided E # 0 or all 1's.

A double precision quantity consists of the mantissa sign bit(s),
an 11 bit biased exponent (E), and a 52-bit mantissa (M). The bias
for double precision quantities is 2'° — 1. The double precision
format is illustrated below.

— IMPLIED BIT

63 62 52 51 2 1 0

Bit 63:
S = Sign of the mantissa. 1 represents negative and O repre-
sents positive.

Bits 52-62

E = These 11 bits represent a biased exponent. The bias is
2'0 — 1 =1023.

Bit 0-51

M = 52-bit mantissa. Together with the sign bit, the mantissa
represents a signed fraction in sign-magnitude notation.
There is an implied 1 beyond the most significant bit (bit 51)
of the mantissa. In other words, the mantissa is assumed to
a 53-bit normalized quantity and the most significant bit,
which will always be a 1 due to normalization, is implied. The
Am9512 restores this implied bit internally before perform-
ing arithmetic; normalizes the result and strips the implied bit
before returning the result to the external data bus. The
binary point is between the implied bit and bit 51 of the
mantissa.

The quantity N represented by the above notation is

‘7 Bias

P

[—— Binary point
N = (_1)5 25*(210—1) (1M)

Provided E # Q or all 1's.

STATUS REGISTER

The Am9512 contains an 8-bit status register with the following
format.

gl DIVIDE | EXPONENT | EXPONENT
gusy | 1% 5?0 RESERVED | EXCEPTION |UNDERFLOW | OVERFLOW | RESERVED
D u v

7 6 5 4 3 2 1 L]

Bit 0 and bit 4 are reserved. Occurrence of exponent oerflow (V),
exponent underflow (U) and divide exception (D) are indicated
by bits 1, 2 and 3 respectively. An attempt to divide by zero is the
only divide exception. Bits 5 and 6 represent a zero result and
the sign of a result respectively. Bit 7 (Busy) of the status regis-
ter indicates if the Am9512 is currently busy executing a com-
mand. All the bits are initialized to zero upon reset. Also,
executing a CLR (Clear Status) command will result in all zero
status register bits. A zero in Bit 7 indicates that the Am8512 is
not busy and a new command may be initiated. As soon as a
new command is issued, Bit 7 becomes 1 to indicate the device
is busy and remains 1 until the command execution is complete,
at which time it will become 0. As soon as a new command is
issued, status register bits 0, 1, 2, 3, 4, 5 and 6 are cleared to
zero. The status bits will be set as required during the command
execution. Hence, as long as bit 7 is 1, the remainder of the
status register bit indications should not be relied upon un-
less the ERR occurs. The following is a detailed status bit
description.

Bit0 Reserved

Bit 1 Exponent overflow (V): When 1, this bit indicates that
exponent overflow has occurred. Cleared to zero
otherwise.

Bit 2 Exponent Underflow (U): When 1, this bit indicates that

exponent underflow has occurred. Cleared to zero

otherwise.

Divide Exception (D): When 1, this bit indicates that an

attempt to divide by zero is made. Cleared to zero

otherwise.

Bit 4 Reserved

Bit 5 Zero(Z): When 1, this bitindicates that the result returned
to TOS after a command is all zeros. Cleared to zero
otherwise.

Bit 6 Sign(S): When 1, this bitindicates that the result returned
to TOS is negative. Cleared to zero otherwise.

Bit 7 Busy: When 1, this bit indicates the Am9512 is in the
process of executing a command. It will become zero after
the command execution is complete.

Bit 3

All other status register bits are valid when the Busy bit is zero.

ALGORITHMS OF FLOATING-POINT ARITHMETIC

1. Floating Point to Decimal Conversion
As an introduction to floating-point arithmetic, a brief descrip-
tion of the Decimal equivalent of the Am9512 floating-point
format should help the reader to understand and verify the
validity of the arithmetic operations. The Am9512 single preci-
sion format is used for the following discussions. With a minor
modification of the field lengths, the discussion would also
apply to the double precision format.

There are three parts in a floating point number:

a. Thesign — the sign applies to the sign of the number. Zero
means the number is positive or zero. One means the
number is negative:




b. The exponent — the exponent represents the magnitude of
the number. The Am9512 single precision format has an
excess 127, notation which means the code representa-
tion is 12744 higher than the actual value. The following are
a few examples of actual versus coded exponent.

Actual Coded

+12749 +2544p
0 12749

—1264g +140

c. The mantissa — the mantissa is a 23-bit value with the
binary point to the left of the most significant bit. There is a
hidden 1 to the left of the binary point so the mantissa is
always less than 2 and greater than or equal to 1.

To find the Decimal equivalent of the floating point number,
the mantissa is multiplied by 2 to the power of the actual
exponent. The number is negated if the sign bit = 1. The
following are two examples of conversion:

Example 1

Floating PointNo. = 010000011 110000000000000000000008B

Sign Exponent Mantissa

Coded Exponent =10000011B
Actual Exponent = 10000011B-01111111B=00000100B =4y
Mantissa = 1.110000000000000000000008
=1+ 1/2+1/4 =175
Decimal No. = 2 x 1.75 = 16 x 1.75 = 2849

Example 2

FloalingPoinlNo.:101111010011000000000000000000008

Sign Exponent Mantissa

Code Exponent =011110108B
Actual Exponent =01111010B-01111111B=11111011B= -5y
Mantissa = 1.01100000000000000000000B
=1+ 1/4 + 1/8 = 1.375¢¢
Decimal No. = —27° x 1.375 = —.042968754¢

2. Unpacking of the Floating-Point Numbers

The Am9512 unpacks the floating point number into three
parts before any of the arithmetic operation. The number is
divided into three parts as described in Section 1. The sign and
exponent are copied from the original number as 1 and 8-bit
numbers respectively. The mantissa is stored as a 24-bit
number. The least significant 23 bits are copied from the
original number and the MSB is set to 1. The binary point is
assumed to the right of the MSB.

The abbreviations listed below are used in the following sec-
tions of algorithm description:

SIGN — Sign of Result

EXP — Exponent of Result

MAN — Mantissa of Result

SIGN (TOS) — Sign of Top of Stack

EXP (TOS) — Exponent of Top of Stack
MAN (TOS) — Mantissa of Top of Stack
SIGN (NOS) — Sign of Next on Stack
EXP (NOS) — Exponent of Next on Stack
MAN (NOS) — Mantissa of Next on Stack

3. Floating-Point Add/Subtract
The floating-point add and subtract essentially use the same
algorithm. The only difference is that floating-point subtract
changes the sign of the floating-point number at top of stack
and then performs the floating-point add.

The following is a step by step description of a floating-point
add algorithm (Figure 1):

a. Unpack TOS and NOS.

b. The exponent of TOS is compared to the exponent of

NOS.

If the exponents are equal, go to step f.

Right shift the mantissa of the number with the smaller

exponent.

Increment the smaller exponent and go to step b.

Set sign of result to sign of larger number.

Set exponent of result to exponent of larger number.

If sign of the two numbers are not equal, go to m.

Add Mantissas.

Right shifi resultant mantissa by 1 and increment expo-

nent of result by 1.

k. 1f MSB of exponent changes from 1 to 0 as a result of the
increment, set overflow status.

I.  Round if necessary and exit.

m. Subtract smaller mantissa from larger mantissa.

n. Left shift mantissa and decrement exponent of result.

0. lf MSB of exponent changes from 0 to 1 as a result of the
decrement, set underflow status and exit.

p. If the MSB of the resultant mantissa = 0, go to n.

g. Round if necessary and exit.

oo

e g

. Floating-Point Multiply

Floating-point multiply basically involves the addition of the

exponents and multiplication of the mantissas. The following

is a step by step description of a floating multiplication al-

gorithm (Figure 2):

a. Check if TOS or NOS = 0.

b. If either TOS or NOS = 0, Set result to 0 and exit.

c. Unpack TOS and NOS.

d. Convert EXP (TOS) and EXP (NOS) to unbiased form.
EXP (TOS) = EXP (TOS) —1274¢
EXP (NOS) = EXP (NOS) —1271p

e. Add exponents.
EXP = EXP (TOS) + EXP (NOS)

f. 1§ MSB of EXP (TOS) = MSB of EXP (NOS) = 0 and MSB
of EXP = 1, then set overflow status and exit.

g. IfMSBof EXP (TOS) = MSB of EXP (NOS) = 1 and MSB
of EXP = 0, then set underflow status and exit.

h. Convert Exponent back to biased form.
EXP = EXP + 12749

i. Ifsignof TOS = signof NOS, setsignofresultto 0, else set
sign of result to 1.

j.  Multiply mantissa.

k. If MSB of resultant = 1, right shift mantissa by 1 and
increment exponent of resultant.

I. I MSB of exponent changes from 1 to 0 as a result of the
increment, set overflow status.

m. Round if necessary and exit.

. Floating-Point Divide

The floating-point divide basically involves the subtraction of
exponents and the division of mantissas. The following is a
step by step description of a division algorithm (Figure 3).

a. f TOS = 0, set divide exception error and exit.

b. 1f NOS = 0, set result to 0 and exit.

c. Unpack TOS and NOS.

d. Convert EXP (TOS) and EXP (NOS) to unbiased form.
EXP (TOS) = EXP (TOS) — 12749
EXP (NOS) = EXP (NOS) — 12749

e. Subtract exponent of TOS from exponent of NOS.
EXP = EXP (NOS) — EXP (TOS)

f. 1f MSB of EXP (NOS) = 0, MSB of EXP (TOS) = 1 and
MSB of EXP = 1, then set overflow status and exit.

g. If MSB of EXP (NOS) = 1, MSB of EXP (TOS) = 0, and
MSB of EXP = 0, then set underflow status and exit.
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SIGN (TOS) = EXP =
SIGN (TOS) EXP (TOS)
UNPACK
TOS & NOS

SIGN (TOS) =
SIGN (NOS)?

EXP (TOS) =
EXP (NOS)?

MAN =

SIGN = SIGN (TOS)
MAN (TOS) + MAN (NOS)

|

' N

RIGHT SHIFT
MAN
RIGHT SHIFT EXP =
MAN (TOS) EXP + 1
EXP (TOS) = Y
EXP (TOS) + 1

MAN (NOS)

SIGN = SIGN (NOS)
MAN

MAN (NOS) — ;AN (TOS)

RO
I

8IGN = SIGN (TOS)
MAN =
MAN (TOS) — MAN (NOS)

LEFT SHIFT
MAN

EXP =
EXP -1

) ADDITION
" i ROUNDING
RIGHT SHIFT
MAN (NOS) SET
OVERFLOW i
l STATUS
EXP (NOS) =
EXP (NOS) + 1
SUBTRACTION
‘ I ROUNDING
EXIT }

Figure 1. Conceptual Floating-Point Addition/Subtraction.

h. Add bias to exponent of result.
EXP = EXP + 12710

i. Ifsignof TOS = signof NOS, setsign of result to 0, else set
sign of result to 1.

j. Divide mantissa of NOS by mantissa of TOS.

k. 1t MSB = 0, left shift mantissa and decrement exponent of
resultant, else go to n.

I.  If MSB of exponent changes from 0to 1 as a result of the
decrement, set underflow status.

m. Go to k.

n. Round if necessary and exit.

The algorithms described above provide the user a means of
verifying the validity of the result. They do not necessarily
reflect the exact internal sequence of the Am9512.

. Rounding

The Am9512 adopts a rounding algorithm that is consistent
with the Intel® standard for floating-point arithmetic. The fol-
lowing description is an excerpt from the paper published in
proceedings of Compsac 77, November 1977, pp. 107-112 by
Dr. John F. Palmer of Intel Corporation.

The method used for doing the rounding during floating-point
arithmetic is known as “Round to Even”, i.e., if the resultant
number is exactly halfway between two floating point num-
bers, the number is rounded to the nearest floating-point
number whose LSB of the mantissa s 0. In order to simplify the
explanation, the algorithms will be illustrated with 4-bit arith-
metic. The existence of an accumulator will be assumed as
shown:

OF B1 B2 B3 B4 G R ST

The bit labels denote:

OF — The overfiow bit
B1-B4 — The 4 mantissa bits
G — The Guard bit

R — The Rounding bit

ST — The “Sticky” bit

MOS-205




SIGN =
SIGN (TOS) (® SIGN (NOS)

|

MAN =
MAN (TOS)"MAN (NOS)
& .
Y
708 & NOS RESULT = 0
RIGHT SHIFT
T MAN
EXP (TOS) = I
EXP (TOS) — 1274 i
‘ EXP + 1
EXP (NOS) =
EXP (NOS) — 1274
EXP =
EXP (TOS) + EXP (NOS)
MULTIPLICATION
ROUNDING
SET
OVERFLOW? ogﬁbgw
SET
UNDERFLOW? UNSDTE::J.SOW

EXP =
EXP + 127,

l

Figure 2. Conceptual Floating-Point Multiplication.

MOS-20€

The Sticky bit is set to one if any ones are shifted right of the
rounding bit in the process of denormalization. If the Sticky bit
becomes set, it remains set throughout the operation. All
shifting in the Accumulator involves the OF, G, R and ST bits.
The ST bitis not affected by left shifts but, zeros are introduced
into OF by right shifts.

Rounding during addition of magnitudes — add 1 to the G
position, then if G=R=8T=0, set B4 to 0 (“Rounding to
Even").

Rounding during subtraction of magnitudes — if more than one
left shift was performed, no rounding is needed, otherwise
round the same way as addition of magnitudes.

Rounding during multiplication — let the normalized double
length product be:

Bi B2 B3 B4 B5 B8 a7 B8

Then G=B5, R=B6, ST=B7 V B8. The rounding is then per-
formed as in addition of magnitudes.

Rounding during division — let the first six bits of the nor-
malized quotient be

B1 B2 B3 B4 BS [

Then G=B5, R=B6, ST=0 if and only if remainder = 0. The
rounding is then performed as in addition of magnitudes.




SIGN =
SIGN (TOS) ([ SIGN (NOS)

MAN =

MAN (NOS)/MAN (TOS)

LEFT SHIFT
MAN

|

EXP =
EXP — 1

S

Y

—

DIVISION

ROUNDING

SET DIVIDE
EXCEPTION
STATUS
RESULT =0
UNPACK
TOS & NOS
EXP (TOS) =
EXP (TOS) — 12715
EXP (NOS) =
EXP (NOS) — 1275
EXP =
EXP (NOS) — EXP (TOS)
¥ SET
UNDERFLOW? UNDERFLOW
STATUS
Y SET
OVERFLOW? OVERFLOW
STATUS
EXP =
EXP + 12759

Figure 3. Conceptual Floating-Point Division.
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CHSD

CHANGE SIGN DOUBLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding:[SRE[ 0 [ 1 [o [ 1 [ 1o ] 1]
AD IF SRE =1
2DIFSRE =0
Execution Time: See Table 2
Description:
The sign of the double precision TOS operand A is com-
plemented. The double precision resuit R is returned to TOS. If
the double precision operand A is zero, then the sign is not
affected. The status bit S and Z indicate the sign of the result and if
the result is zero. The status bits U, V and D are always cleared to
zero. g
Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

Hex Coding:

BEFORE AFTER
A TOS R
B NOS B

CHSS

CHANGE SIGN SINGLE PRECISION

sliae naRb s imiea i it g
BinaryCoding:ISHElO]0]0]0)1IO|1J

Hex Coding: 85 IF SRE =1

05IFSRE =0
Execution Time: See Table 2
Description:

The sign of the single precision operand A at TOS is com-
plemented. The single precision result Ris returned to TOS. Ifthe
exponent field of A is zero, all bits of R will be zeros. The status
bits S and Z indicate the sign of the result and if the result is zero.
The status bits U, V and D are cleared to zero.

Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

BEFORE AFTER
A la—— TOS —o= R
B tt—— NOS —= B
Cc C
D D
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CLR

CLEAR STATUS

7 6 5 4 3 2 1 0
BinaryCoding:lSHEl 0 ‘ 0 | 0 | 0 | 0 | 0 | 0 l
Hex Coding: 80 IF SRE =1

00 IF SRE =0
Execution Time: 4 clock cycles
Description:

The status bits S, Z, D, U, V are cleared to zero. The stack is not
affected. This essentially is a no operation command as far as
operands are concerned.

Status Affected: S, Z, D, U, V always zero.

DADD

DOUBLE PRECISION FLOATING-POINT ADD

3.8 5 & 8. 8 1 .90
Binary Coding:[SRE] 0 | 1] 0 [ 1] o0 [o [ 1]
Hex Coding: A9 IFSRE =1

29 IF SRE = 0

Execution Time: See Table 2

Description:

The double precision operand A from TOS is added to the double
precision operand B from NOS. The result is rounded to obtain
the final double precision result R which is returned to TOS. The
status bits S, Z, U and V are affected to report sign of the result, if
the result is zero, exponent underflow and exponent overflow
respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENTS

BEFORE AFTER
A <e— TOS R
B NOS —= Undefined

DSUB

DOUBLE PRECISION
FLOATING-POINT SUBTRACT

7 6 5 4 3 2 1 0
Binary Coding:[sRe] o [1 o[ 1] o[ 1] o]
Hex Coding: AAIFSRE =1
2AIFSRE =10
Execution Time: See Table 2
Description:

The double precision operand A at TOS is subtracted from the
double precision operand B at NOS. The result is rounded to
obtain the final double precision result R which is returned fo
TOS. The status bits S, Z, U and V are affected to report sign of
the result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)
STACK CONTENTS

BEFORE AFTER
A e TOS e R
B t—— NOS —= Undefined

DMUL

DOUBLE PRECISION
FLOATING-POINT MULTIPLY

T 6 5 4 3 2 1 0
Binary Coding: [SRE] 0 [ 1] o | 1] o il |
Hex Coding: AB IF SRE = 1
2BIFSRE =0
Execution Time: See Table 2
Description:

The double precision operand A from TOS is multiplied by the
double precision operand B from NOS. The result is rounded to
obtain the final double precision result R which is returned to
TOS. The status bits S, Z, U and V are affected to report sign of
the result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.) |

STACK CONTENTS

BEFORE AFTER
A f=—— TOS —== R
B la—— NOS —= Undefined

11



DDIV

DOUBLE PRECISION
FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Code: [SRE| 0 | 1 [0 | 1 [ 1[0 [o]
Hex Coding: AC IF SRE =1
2CIFSRE =0
Execution Time: See Table 2
Description:

The double precision operand B from NOS is divided by the
double precision operand A from TOS. The result (quotient) is
rounded to obtain the final double precision result R which is
returned to TOS. The status bits, S, Z, D, U and V are affected to
report sign of the result, if the result is zero, attempt to divide by
zero, exponent underflow and exponent overflow respectively.

Status Affected: S, Z, D, U,V

STACK CONTENT

BEFORE AFTER
A re—— TOS —= R (see note)
B fe—— NOS ——m= Undefined

Note: If A is zero, then R = B (Divide exception).

SADD

SINGLE PRECISION FLOATING-POINT ADD

Tt B 5 4" g 2 1 0
Binary Coding: [SRE| 0 | 0 [0 |0 | o | o | 1|
Hex Coding: 81 IF SRE = 1
01 IFSRE =0
Execution Time: See Table 2
Description:

The single precision operand A from TOS is added to the single
precision operand B from NOS. The result is rounded to obtain
the final single precision result R which is returned to TOS. The
status bits S, Z, U and V are affected to report the sign of the
result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENT

BEFORE AFTER
A t— TOS —= R
B ret—— NOS —] Cc
c D
D Undefined

SSUB

SINGLE PRECISION
FLOATING-POINT SUBTRACT

7 6 5 4 3 2 1 0
Binary Coding:[SRE| 0 [ o [ o [o | o [ 1 | o]
Hex Coding: 82 IF SRE = 1
02 IF SRE =0
Execution Time: See Table 2
Description:

The single precision operand A at TOS is subtracted from the
single precision operand B at NOS. The result is rounded to
obtain the final single precision result R which is returned to TOS.
The status bits S, Z, U and V are affected to report the sign of the
result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENTS

BEFORE AFTER
A re— TOS —= R
B le—— NOS —== c
C D
D Undefined

SMUL

SINGLE PRECISION
FLOATING-POINT MULTIPLY

Binary Coding: [SRE] 0 [0 [ o [o [ o [ 1] 1]
Hex Coding: 83 IF SRE = 1
03 IF SRE = 0

Execution Time: See Table 2

Description:

The single precision operand A from TOS is multiplied by the
single precision cperand B from NOS. The result is rounded to
obtain the final single precision result R which is returned to TOS.
The status bits S, Z, U and V are affected to report the sign of the
result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENTS

BEFORE AFTER
A t—— TOS —~ R
B t—— NOS —m- C
C D
D Undefined

12




SDIV

SINGLE PRECISION
FLOATING-POINT DIVIDE

7 8 8 A4 B ¥ 9 @
Binary Coding:[SRe| 0 [0 [oJ o[ 1o o]

Hex Coding: 84 IF SRE =1

04 IF SRE =0
Execution Time: See Table 2
Description:

The single precision operand B from NOS is divided by the
single precision operand A from TOS. The result (quotient) is
rounded to obtain the final result R which is returned to TOS.
The status bits S, Z, D, U and V are affected to report the sign of
the result, if the result is zero, attempt to divide by zero, expo-
nent underflow and exponent overflow respectively.

Status Affected: S, Z, D, U, V

STACK CONTENTS

BEFORE AFTER
A t—— TOS —» R (see note)
B —— NOS —=f Cc
Cc D
D Undefined

Note: If exponent field of A is zero then R = B (Divide exception).

POPS

POP STACK SINGLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding:[sRE] 0 [0 [o [o [ 1] 1 [ 1|
87 IF SRE = 1
07 IFSRE =0
Execution Time: See Table 2
Description:
The single precision operand A is popped from the stack. The
internal stack control mechanism is such that A will be written at
the bottom of the stack. The status bits S and Z are affected to
report the sign of the new operand at TOS and if it is zero,
respectively, The status bits U, V and D will be cleared to zero.
Note that only the exponent field of the new TOS is checked for
zero, if it is zero status bit Z will set to 1.

Status Affected: S, Z. (U, V, D always zero.)

Hex Coding:

PTOD

PUSH STACK DOUBLE PRECISION

7 6 5. 4 3 "2 1 0

Binary Coding:[sRe] o [ 1 [ o [1 [ 1 [ 1] o]

Hex Coding: AE IF SRE =1

2EIFSRE =0

Execution Time: See Table 2
Description:
The double precision operand A from the TOS is pushed back on
to the stack. This is effectively a duplication of A info two con-
secutive stack locations. The status S and Z are affected to report
sign of the new TOS and if the new TOS is zero respectively. The
status bits U, V and D will be cleared to zero.

Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

BEFORE AFTER
A f— TOS —m A
B l—— NOS —= A

PUSH STACK SINGLE PRECISION
gl ol sk ls gt b g
Binary Coding:[sRE| 0 [0 o [o [ 1 |1 ] oJ

Hex Coding: 86 IF SRE = 1
06 IF SRE =0

Execution Time: See Table 2

Description: ﬂ

This instruction effectively pushes the single precision operand
from TOS on to the stack. This amounts to duplicating the
operand at two locations in the stack. However, if the operand at
TOS prior to the PTOS command has only its exponent field as
zero, the new content of the TOS will all be zeroes. The contents
of NOS will be an exact copy of the old TOS. The status bits $
and Z are affected to report the sign of the new TOS and if the
content of TOS is zero, respectively. The status bits U, V and D
will be cleared to zero.

Status Affected: S, Z. (U, V, D always zero.)
STACK CONTENTS

STACK CONTENTS
BEFORE AFTER
A ja—TOS —== B
B r— NOS —= C
C D
D A

BEFORE AFTER
A =——TOS A* See note
B —— NOS — A '
C " B
D ",I : [¢;

Note: A* = A if Exponent field of A is not zero.
A* =0if Expenent ﬁeld of A is zero.
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POPD

POP STACK DOUBLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding: [SRE| 0 | 1 [ o [ 1 [ 1 el
Hex Coding: AF IF SRE =1
2F IF SRE = 0
Execution Time: See Table 2
Description:

The double precision operand A is popped from the stack. The
internal stack control mechanism is such that A will be written at
the bottom of the stack. This operation has the same effect as
exchanging TOS and NOS. The status bits S and Z are affected to
report the sign of the new operand at TOS and if it is zero,
respectively. The status bits U, V and D will be cleared to zero.

XCHS

EXCHANGE TOS AND NQS
SINGLE-PRECISION

AN - R A
Binary Coding: [SRE][ 0 [0 [o [ 1 [o Jo [ 0|

Hex Coding: 88 IF SRE = 1

08 IFSRE =0
Execution Time: See Table 2
Description:

The single precision operand A at the TOS and the single preci-
sion operand B at the NOS are exchanged. After execution, B is at
the TOS and A is at the NOS. All other operands are unchanged.

Status Affected: S, Z (U, V and D always zero.)

Status Affected: S, Z (U, V and D always zero.) STACK CONTENTS
STACK CONTENTS BEFORE AFTER
BEFORE AFTER A re—— TOS —= B
A e—— TOS —= B B t—— NOS ——= A
B ~—— NOS ——== A C C
D D
Am25L.5138
Io/M G1
Als b o0 G2a +12V 45V
A4 p——--—-——=0l G2B L
A13 (e =
A2 B __Voo Vcc Vss
A A Y jO——0j CS
A8 cib
AmB085 Amg512
AD0-AD7 < 8-BIT DATA BUS > DBO-DB7
AD Ol RD
RST6.5 WA O] WR ERR
RSTSS. | cuwiour LK END
READY  peser our RESET  pRuse
+5V EACK C)-I

10K

Figure 1. Am9512 to Am8085 Interface.

MOS-213

14




MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

VDD with Respect to VSS

-0.5V to +15.0V

VCC with Respect to VSS -0.5Vto +7.0V
All Signal Voltages with Respect to VSS -0.5Vto +7.0V
Power Dissipation (Package Limitation) 2.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid

exposure to excessive voltages.

OPERATING RANGE

Part Number Ambient Temperature VSS vcc VDD
Am9512DC 0°C = Ty =< +70°C ov +5.0V £5% +12V +5%

Am9512DM —55°C = Tp < +125°C ov +5.0V £10% +12V £10%

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1)

Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IOH = —200pA 37 Volts
VvOL Output LOW Voltage IOL = 3.2mA 04 Volts
VIH Input HIGH Voltage 2.0 VCC Volts
VIL Input LOW Voltage -0.5 0.8 Volts
X Input Load Current VS8S = VI = VCC +10 nA
102 Data Bus Leakage VO = 04V o nA

VO = VCC 10
Tp = +25°C 50 90
ICC VCC Supply Current Tp=0C 95 mA
Tp = —55°C 100
Ty = +25°C 50 90
IDD VDD Supply Current Ta =0C 95 mA
Ta = —55°C 100
co Qutput Capacitance 10 pF
Cl Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF
ClO 1/O Capacitance 10 12 pF

15



SWITCHING CHARACTERISTICS

Am9512DC Am9512-1DC
Parameters Description Min Max Min Max Units
TAPW EACK LOW Pulse Width 100 75 ns
TCDR C/D to RD LOW Set-up Time 0 0 ns
TCDW | C/D to WR LOW Set-up Time 0 0 ns
TCPH Clock Pulse HIGH Width 200 500 140 500 ns
TCPL Clock Pulse LOW Width 240 160 ns
TCSP CS LOW to PAUSE LOW Delay (Note 5) 150 100 ns
TCSR TS to RD LOW Set-up Time 0 0 ns
TCSW CS LOW to WR LOW Set-up Time 0 0 ns
TCY Clock Period 480 5000 320 2000 ns
TDW Data Valid to WR HIGH Delay 150 100 ns
TEAE EACK LOW to END LOW Delay 200 175 ns
TEHPHR END HIGH to PAUSE HIGH Data Read when Busy 5.5TCY+300 5.5TCY+200 ns
TEHPHW | END HIGH to PAUSE HIGH Write when Busy 200 175 ns
TEPW END HIGH Pulse Width 400 300 ns
TEX Execution Time See Table 2 ns
TOP Data Bus Output Valid to PAUSE HIGH Delay 0 0 ns
el B e o o] ™
TPPWRE | END HIGH 1o PATSE HIGH Read when Busy |2 Sob Tode ¢ ns
Status 1.5TCY+50 | 3.5TCY+300 | 1.5TCY+50 | 3.5TCY+200
TPPWW PAUSE LOW Pulse Width Write when Not Busy TCSW+50 TCSW+50 ns
TPPWWB | PAUSE LOW Pulse Width Write when Busy See Table 2 ns
TPR PAUSE HIGH to Read HIGH Hold Time 0 0 ns
TPW PAUSE HIGH to Write HIGH Hold Time 0 0 ns
TRCD RD HIGH to C/D Hold Time 0 ) ns
TRCS RD HIGH to CS HIGH Hold Time 0 0 ns
TRO RD LOW to Data Bus On Delay 50 50 ns
TRZ RD HIGH to Data Bus Off Delay 50 200 50 150 ns
TSAPW | SVACK LOW Pulse Width 100 75 ns
TSAR SVACK LOW to SVREQ LOW Delay 300 200 ns
TWCD WR HIGH to C/D Hold Time 60 30 ns
TWCS 'WR HIGH to CS HIGH Hold Time 60 30 ns
TWD ‘WR HIGH to Data Bus Hold Time 20 ! 20 ns
NOTES:

1. Typical values are for Ty = 25°C, nominal supply voltages
and nominal processing parameters.

2. Switching parameters are listed in alphabetical order.

3. Test conditions assume transition times of 20ns or less, out-
put loading of one TTL gate plus 100pF and timing reference
levels of 0.8V and 2.0V. {

16

4. END HIGH pulse width is specified for EACK tied to VSS.

Otherwise TEAE applies.

/5. PAUSE is pulled low for both command and data operations.

6. TEX is the execution time of the current command (see the
Command Execution Times table). o e

7. PAUSE will go low at this point if CS is low and RD and WR are
high.



TIMING DIAGRAMS

READ OPERATION
TCY
TC
=—TCPL
dL
17
RD \ i / l+— TRCS —o~| \
TCDR i ‘; ; |=—TRCD—=]
TCSR ; TPR la——
TRO—~] TRZ it
- e
i
17T
TCSP —-—«-I e
TPPWR {
PAUSE \ Z
ot NOTE 7
R
— |=—TOP
L S (1
DATA i
Do-D1 VALID X -
ar
1L IL
© 1T n' L
cib X K
1l L 1L
= 1 r

MOS-208

|=—— TCDR
RIS
RD
\ /
le—TesR je————TPR—— [=-TRCS
TRO
(1]
\ it .
TPPWRB TRCD
RO \ o Z NOTE 7
3 e
—] t=—— TOP TRZ ——= pe—
] 'v’v.v‘v.v.v'v’v ' ’v .v ’v’v.v’v’v’v".v ." .V'V’V’V.V"‘v .1 'v .v ‘v ‘0 DA_‘[‘A X
e O vALID
[+11] 5 ; t

{ L

17

TEHPHR
END / \
if e
)

MOS-200
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™

PAUSE

DO-D7

cd

TIMING DIAGRAMS (Cont.)

OPERAND ENTRY

1l
(i \
WA \ / \
= {} e TWES —o] -
le—TCSW le—TWCD —]
i / /.—\_____
1f
TCSP i
\ TPPWW T (- \ :
Uy 1/ NOTE 7
1/
TOW TWD
Jl Iy
T/ Lt
TR X
,,  VAUD i
T i Tr 3
TCDW

/] j \
14l o

MOS-210

COMMAND OR DATA WRITE WHEN Am9512 IS BUSY

WR S /
- ed
LA
TCSW [e—o l=— TWCS
cs
'yl
1
TCSP - TPW
t
TPPWWB
PAUSE \ Z
g . NOTE 7
mr
TWD
JL
LA
D0-D7
J i 7
1T
TCDW TWCD
{
cb X K
1 =
| TEHPHW ———————=
END 2 \
yl
r
MOS-211
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TIMING DIAGRAMS (Cont.)

COMMAND INITIATION

Iy
ir
WA \ /
J L
[r
TCSW l=— TWCS ——|
—_— L
d r
Iy
rr
TCSP —| S t.. TRW o]
o L
rr
PAUSE 1
— TOW ——={ le—Twp NOTEY
J L . iy |
\ £ T.{ 1F
DO-D7 DATA VALID X
Jl o
LA L
TCDW —~1 = TWCD |
S |
o
c/b /- \
. L
Ua
TEX TEPW
END / \
Iy L -
r L ¥ - B
TEAE —
— } J — TAPW
EACK
TEX
an
SVREQ /
yl g M|
LA ar
|=— TSAR
—} — le— TSAPW —]
- \ /
MOSs-212
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PHYSICAL DIMENSIONS
Dual-in-Line

24-Pin Side-Brazed

e —————
_L SEATING
R PLANE

ADVANCED
MICRO

DEVICES, INC.

907 Thompson Place
P.O. Box 453
Sunnyvale,
California 94086
(408) 732-2400
TWX: 910-339-9280
TELEX: 34-6306
TOLL FREE

(800) 538-8450

Advanced Micro Devices cannot assume responsibility for use of any circuitry described other than circuitry embodied in an Advanced Micro Devices' product. 4-80




Appendix E

AY-3-8910 Data Sheet

The following material is copyrighted by General Instrument
Corporation. It is reprinted here with the permission of General
Instrument Corporation. This data sheet may not be reproduced for
any purpose in whole or part without the expressed written
consent of the copyright owner.
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1.1
Description

INTRODUGTION

It is apparent that any microprocessor is capable of producing
acceptable sounds with only a transducer if the processor has no
other tasks to perform while the sound is sustained. In real world
microprocessor use, however, video games need refreshing, key-
boards need scanning, etc. For example, in order to produce asingle
channel of ninth octave C (8372 Hz) the signal needs attention every
sixty microseconds. Software required to produce this simple effect
and still perform other activities would in the least be very complex if
not impossible. Inthe extreme, random noise requires periodic atten-
tion even more frequently.

This need for software-produced sounds without the constant
attention of the processor is now satisfied with the availability of the
General Instrument AY-3-8910 and AY-3-8912 Programmable Sound
Generators.

The AY-3-8910/8912 Programmable Sound Generator (PSG) is a
Large Scale Integrated Circuit which can produce a wide variety of
complex sounds under software control. The AY-3-8910/8912 is
manufactured in GlI's N-Channel lon Implant Process. Operation
requires a single 5V power supply, a TTL compatible clock, and a
microprocessor controller such as the Gl 16-bit CP1600/1610 or one
of GI's PIC 1650 series of 8-bit microcomputers.

The PSG is easily interfaced to any bus oriented system. Its flexibility
makes it useful in applications such as music synthesis, sound
effects generation, audible alarms, tone signalling and FSK modems.
The analog sound outputs can each provide 4 bits of logarithmic
digital to analog conversion, greatly enhancing the dynamic range of
the sounds produced.

In order to perform sound effects while allowing the processor to
continue its other tasks, the PSG can continue to produce sound
after the initial commands have been given by the control processor.

The fact that realistic sound production often involves morethanone

effect is satisfied by the three independently controllable channels
available in the PSG.

All of the circuit control signals are digital in nature and intended to
be provided directly by a microprocessor/microcomputer. This
means that one PSG can produce the full range of required sounds
with no change in external circuitry. Since the frequency response of
the PSG ranges from sub-audible at its lowest frequency to post-
audible at its highest frequency, there are few sounds which are

beyond reproduction with only the simplest electrical connections.

Since most applications of a microprocessor/PSG system would also
require interfacing between the outside world and the microproces-
sor, this facility has been designed into the PSG. The AY-3-8910 has
two general purpose 8-bit I/0 ports and is supplied in a 40 lead
package; the AY-3-8912 has one port and 28 leads.

S L R I T R T o e,
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1 2 O Full software control of sound generation.

: . O Interfaces to most 8-bit and 16-bit microprocessors.

Features O Three independently programmed analog outputs.
O Two 8-bit general purpose I/0 ports (AY-3-8910).
0 One 8-bit general purpose I/0 port (AY-3-8912).
O Single +5 Volt Supply.

1 3 This Data Manual is intended to introduce the techniques needed to -

% cause the AY-3-8910/8912 Programmable Sound Generator to per-

soope form in its intended fashion. All of the programs, programming, and
hardware designs have been tested to ensure that the methods are
practical rather than purely theoretical.

Although the techniques described will produce powerful results, the
range of sounds to be synthesized is so vastand the PSG capabilities
so varied that this guide should be viewed merely as an introduction
to the applications possibilities of the PSG.

Fig. 1 TYPICAL SYSTEM DIAGRAM
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2.1
Basic
Functional
‘Blocks

ARCHITECTURE

The AY-3-8910/8912 is a register oriented Programmable Sound
Generator (PSG). Communication between the processor and the
PSG is based on the concept of memory-mapped I/0. Control
commands are issued to the PSG by writing to 16 memory-mapped
registers. Each of the 16 registers within the PSG is also readable so
that the microprocessor can determine, as necessary, present states
or stored data values.

All functions of the PSG are controlled through its 16 registers which
once programmed, generate and sustain the sounds, thus freeing the
system processor for other tasks.

An internal block diagram of the PSG showing the various functional
blocks and data flow is shown in Fig. 2.

2.1.1 REGISTER ARRAY ;

The principal element of the PSG is the array of 16 read/write control
registers. These 16 registers look to the CPU as a block of memory
and as such occupy a 16 word block out of 1,024 possible addresses.
The 10 address bits (8 bits on the common data/address bus, and 2
separate address bits A8 and A9) are decoded as follows:

*A0 | A8 | DA7|DAB|DA5|DA4|DA3|DA2|DAT|DAO| * AQ is

not provided
0 1 g ] g d g 0 g 0 on the AY-3-8912.
THRU

el aTo] olie iy ool el

HIE-}H L6W
ORDER ORDER
(Chip Select) (Register #)

The four low order address bits select one of the 16 registers (RO--
R17s). The six high order address bits function as “chip selects” to
control the tri-state bidirectional buffers (when the high order
address bits are “incorrect”, the bidirectional buffers are forced to a
high impedance state). High order address bits A9 A8 are fixed in the
PSG design to recognize a 01 code; high order address bits DA7--
DA4 may be mask-programmed to any 4-bit code by a special order
factory mask modification. Unless otherwise specified, address bits
DA7--DA4 are programmed to recognize only a 0000 code. A valid
high order address latches the register address (the low order 4 bits)
in the Register Address Latch/Decoder block. A latched address will
remain valid until the receipt of a new address, enabling multiple
reads and writes of the same register contents without the need for
redundant re-addressing.
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2.1

Basic
Functional
Blocks
(cont.)

Conditioning of the Register Address Latch/Decoder and the Bidi-
rectional Buffers to recognize the bus function required (inactive,
latch address, write data, or read data) is accomplished by the Bus
Control Decode block.

The function of each of the 16 PSG registers and the data flow of each
register's contents are shown in context in Fig. 2 and explained in
detail in Section 3, “Operation”. For reference purposes, the Register
Array details are reproduced in Fig. 3.

2.1.2 SOUND GENERATING BLOCKS

The basic blocks in the PSG which produce the programmed sounds

include:

Tone Generators produce the basic square wave tone frequen-
cies for each channel (A,B,C)

Noise Generator produces a frequency modulated pseudo
random pulse width square wave output.

Mixers combine the outputs of the Tone Generators
and the Noise Generator. One foreach chan-
nel (A,B,C).

Amplitude Control provides the D/A Converters with either a
fixed or variable amplitude pattern. The fixed
amplitude is under direct CPU control; the
variable amplitude is accomplished by using
the output of the Envelope Generator.

Envelope Generator  produces an envelope pattern which can be
used to amplitude modulate the output of
each Mixer.

D/A Converters the three D/A Converters each produce up to
a 16 level output signal as determined by the
Amplitude Control.

2.1.3 I/0 PORTS

Two additional blocks are shown in the PSG Block Diagram which
have nothing directly to do with the production of sound—these are
the two I/O Ports (A and B). Since virtually all uses of microproces-
sor-based sound would require interfacing between the outside
world and the processor, this facility has been included in the PSG.
Data to/from the CPU bus may be read/written to either of two 8-bit
/O Ports without affecting any other function of the PSG. The /O
Ports are TTL-compatible and are provided with internal pull-ups on
each pin. Both Ports are available on the AY-3-8910; only I/O PortAis
available on the AY-3-8912.
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Fig. 3 PSG REGISTER ARRAY
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2 2 The AY-3-8910 is supplied in a 40 lead dual in-line package with the
. = 5 pin assignments as shown in Fig. 4. The AY-3-8912issu ppliedina28
Pln ASS|gnments lead dual in-line package with the pin assignments as shown in Fig. 5.

Fig. 4 AY-3-8910 PIN ASSIGNMEN T S s
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2.3
Pin Functions

DA7--DAO (input/output/high impedance): pins 30--37 (AY-3-8910)
Data/Address 7--0: pins 21--28 (AY-3-8912)

These 8 lines comprise the 8-bit bidirectional bus used by the
microprocessor to send both data and addresses to the PSG and to
receive data from the PSG. In the data mode, DA7--DAO correspond
to Register Array bits B7--B0. In the address mode, DA3--DAO select
the register # (0--17g) and DA7--DA4 in conjunction with address
inputs A9 and A8 form the high order address (chip select).

A8 (input): pin 25 (AY-3-8910)

pin 17 (AY-3-8912)
A9 (input): pin 24 (AY-3-8910)

(not provided on AY-3-8912)
Address 9, Address 8

These “extra” address bits are made available to enable the position-
ing of the PSG (assigning a 16 word memory space) in a total 1,024
word memory area rather than in a 256 word memory area as defined
by address bits DA7--DAOQ alone. If the memory size does notrequire
the use of these extra address lines they may be left unconnected as
each is provided with either an on-chip pull down (A9) or pull-up (A8)
resistor. In “noisy” environments, however, it is recommended that
A9 and A8 be tied to an external ground and +5V, respectively, if they
are not to be used.

RESET (input): pin 23 (AY-3-8910)

pin 16 (AY-3-8912)
For initialization/power-on purposes, applying a logic “0" (ground)
to the Reset pin will reset all registers to “0”. The Reset pin is provided
with an on-chip pull-up resistor.

CLOCK (input): pin 22 (AY-3-8910)

pin 15 (AY-3-8912)
This TTL-compatible input supplies the timing reference for the
Tone. Noise and Envelope Generators.

BDIR, BC2, BC1 (inputs): pins 27,28,29 (AY-3-8910)
pins 18,19,20 (AY-3-8912)
Bus DIRection, Bus Control 2,1

These bus control signals are generated directly by Gl's CP1600
series of microprocessors to control all external and internal bus
operations in the PSG. When using a processor other than the
CP1600, these signals can be provided either by comparable bus
signals or by simulating the signals onI/0 lines of the processor. The
PSG decodes these signals as illustrated in the following:

13



2.3
Pin Functions
(cont.)

CP1600 PSG
FUNCTION FUNCTION
NACT  INACTIVE. See 010 (IAB) below.
ADAR LATCH ADDRESS. See 111 (INTAK) below.
IAB INACTIVE. The PSG/CPU bus is inactive. DA7--DAO
are in a high impedance state.

o 1 1 DTB READ FROM PSG. This signal causes the contents
of the register which is currently addressed to
appear on the PSG/CPU bus. DA7--DAQ are in the
output mode.

BAR LATCH ADDRESS. See 111 (INTAK) below.
DW INACTIVE. See 010 (IAB) above.

1 1 0 DWsS WRITE TO PSG. This signal indicates that the bus
contains register data which should be latched into
the currently addressed register. DA7--DAO are in
the input mode.

S INTAK LATCH ADDRESS. This signal indicates that the bus
contains a register address which should be latched
in the PSG. DA7--DAO are in the input mode.

While interfacing to a processor other than the CP1600 would simply
require simulating the above decoding, the redundancies in the PSG
functions vs. bus control signals can be used to advantage in that
only four of the eight possible decoded bus functions are required by
the PSG. This could simplify the programming of the bus control
signals to the following, which would only require that the processor
generate two bus control signals (BDIR and BC1, with BC2 tied to

o o o BDIR
- o o BC2
o = o BC1

Ty
o o
- O

+5V):
©
5 O O PSG PSG
@ @ m FUNCTION Ao
0 1 0 INACTIVE. Al T g
B 1 1. READEROMPSG. = FHORESSR
1 1 0 WRITETO PSG. > iy
1 1 1 LATCH ADDRESS. e

ANALOG CHANNEL A, B, C (outputs): pins 4, 3, 38 (AY-3-8910)

pins 5, 4, 1 (AY-3-8912)
Each of these signals is the output of its corresponding D/A
Converter, and provides an up to 1V peak-peak signal representing
the complex sound waveshape generated by the PSG.

I0A7--I0A0 (input/output): pins 14--21 (AY-3-8910)

pins 7--14 (AY-3-8912)
10B7--I0BO (input/output): pins 6--13 (AY-3-8910)

(not provided on AY-3-8912)
Input/Output A7--A0, B7--B0
Each of these two parallel input/output ports provides 8 bits of
parallel data to/from the PSG/CPU bus from/to any external devices
connected to the IOA or IOB pins. Each pin is provided with an on-
chip pull-up resistor, so that when in the “input” mode, all pins will
read normally high. Therefore, the recommended method for scan-
ning external switches, for example, would be to ground the input bit.

14



2.4
Bus Timing

TEST 1: pin 39 (AY-3-8910)
pin 2 (AY-3-8912)
TEST 2: pin 26 (AY-3-8910)
(not connected on AY-3-8912)

These pins are for Gl test purposes only and should be leftopen—do
not use as tie-points.

Vee: pin 40 (AY-3-8910)
pin 3 (AY-3-8912)
Nominal +5Volt power supply to the PSG.

Vss: pin 1 (AY-3-8910)
pin 6 (AY-3-8912)

Ground reference for the PSG.

Since the PSG functions are controlled by commands from the
system processor, the common data/address bus (DA7--DAO) re-
quires definition as to its function at any particluar time. This is
accomplished by the processor issuing bus control signals, previ-
ously described, defining the state of the bus; the PSG then decodes
these signals to perform the requested task.

The conditioning of these bus control signals by the processor is the
same as if the processor were interacting with RAM: (1) the processor
outputs a memory address; and (2) the processor either outputs or
inputs data to/from the memory. The “memory” in this case is the
PSG's array of 16 read/write control registers.

The timing relationships in issuing the bus control signals relative to
the data or address signals on the bus are reviewed in general in the
following section, and in detail in Section 7, Electrical Specifications.

15



2 5 While the state flow for many microprocessors can be somewhat
. %% involved for certain operations, the sequence of events necessary to
State Tlmlng control the PSG is simple and straightforward. Each of the three
major state sequences (Latch Address, Write to PSG, and Read from
PSG) consists of several operations (indicated below by rectangular
blocks), defined by the pattern of bus control signals (BDIR, BC2,
BC1).

INACTIVE ——pf OUTPUT INACTIVE —— OpiPdT

ADDRESS INACTIVE

T
Address and write data

to PSG sequence

— b e

L
r
|

OUTPUT INPUT
INACTIVE —— ADDRESS 3 INACTIVE p—— DATA —— INACTIVE

]|
1 Address and read data
lr" from PSG sequence

S f

The functional operation and relative timing of the PSG control
sequences are described in the following paragraphs (in all exam-
ples, BC2 has been assumed to be tied to logic “1", +5V).

2.5.1 ADDRESS PSG REGISTER SEQUENCE

The “Latch Address” sequence is normally an integral part of the
write or read sequences, but for simplicity is illustrated here as an
individual sequence. Depending on the processor used the program
sequence will normally require four principal microstates: (1) send
NACT (inactive); (2) send INTAK (latch address); (3) put address on
bus; (4) send NACT (inactive). [Note: within the timing constraints
detailed in Section 7, steps (2) and (3) may be interchanged.]

AW
e

BUS

CONTROL NACT V1 w2 NACT

. OUTPUT
DA7--DAD FLOAT X ADDRESS X FLOAT

16



2.5.2 WRITE DATA TO PSG SEQUENCE

The "Write to PSG” sequence, which would normally follow immedi-
ately after an address sequence, requires four principal microstates:
(1) send NACT (inactive); (2) put data on bus; (3) send DWS (write to
PSG); (4) send NACT (inactive).

-

BC1

BUS

CONTROL NACT v DWS m NACT

i OUTPUT DATA
DA7--DAQ FLOAT X (TO PSG) X FLOAT

2.5.3 READ DATA FROM PSG SEQUENCE

As with the "Write to PSG” sequence, the “Read from PSG” sequence
would also normally follow immediately after an address sequence.
The four principal microstates of the read sequence are: (1) send
NACT (inactive); (2) send DTB (read from PSG); (3) read dataon bus;
(4) send NACT (inactive).

BDIR

D e

contaar . Nact oo Aq DTB v NACT

INPUT DATA
DA7--DAO FLOAT X (FROM PSG) x FLOAT

2.5.4 WRITE TO/READ FROM I/0 PORT SEQUENCE

Since the two I/0 Ports (A and B) each have an 8-bit register assigned
as a data store, writing to or reading from either port is identical to
writing or reading to any other register. Hence, the state sequences
are exactly the same as described in the preceding paragraphs.

17



Since all functions of the PSG are controlled by the host processor
via a series of register loads, a detailed description of the PSG
operation can best be accomplished by relating each PSG function to
the control of its corresponding register. The function of creating or

programming a specific sound or sound effect logically follows the
control sequence listed:

Section Operation Registers Function

3.1 Tone Generator Control RO--R5 Program tone periods.

3.2 Noise Generator Control R6 Program noise period.

3.3 Mixer Control R7 Enable tone and/or noise
on selected channels.

3.4 Amplitude Control R10--R12  Select “fixed"” or "envelope-
variable” amplitudes.

3.5 Envelope Generator R13--R15 Program envelope period

Control and select envelope pattern.

3_1 The frequency of each square wave generated by the three Tone

Generators (one each for Channels A, B, and C) is obtained in the

Tﬂne Generatﬂl‘ PSG by first counting down the input clock by 16, then by further

c t I counting down the result by the programmed 12-bit Tone Period

ONIFO!  va1ue. Each 12-bit value is obtained in the PSG by combining the

¢ contents of the relative Coarse and Fine Tune registers, as illustrated
(Registers RO, R1, R2, R3, R4, RS) in the following:

Coarse Tune Fine Tune
Register Channel Register
R1 A RO
R3 B R2
R5 C R4
[e7]e6] 55]34133[52[31 [ o] 87| B6|B5|B4]| B3[B2{B1]B0
m— c——
NOT /
USED

"TP11[TP10| P9 | TP8 | TP7 [ pe | TPs [ tPa] TPa | P2 | TP1 | TPO

12-bit Tone Period (TP) to Tone Generator

Note that the 12-bit value programmed in the combined Coarse and
Fine Tune registers is a period value—the higher the value in the
registers, the lower the resultant tone frequency.

Note also that due to the design technique used in the Tone Period
count-down, the lowest period value is 000000000001 (divide by 1)
and the highest period value is 111111111111 (divide by 4,09510).
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The equations describing the relationship between the desired
output tone frequency and the input clock frequency and Tone
Period value are:

(a) fr = %,2“5:‘: (b) TPso = 256CTswo + FTio
Where: fr=desired tone frequency

fcLock =input clock frequency
TPio=decimal equivalent of the Tone Period
bits TP11--TPO.
CTio=decimal equivalent of the Coarse Tune
register bits B3--B0 (TP11--TP8)
FTio=decimal equivalent of the Fine Tune
register bits B7--B0 (TP7--TPO0)

From the above equatlons it can be seen that the tone frequency can
range from a low of 5?.2.% (wherein: TP10=4,09510) to a high of =
(wherein: TPy=1). Using a 2 MHz input clock, for example, would
produce a range of tone frequencies from 30.5 Hz to 125 kHz.

To calculate the values for the contents of the Tone Period Coarse
and Fine Tune registers, given the input clock and the desired output
tone frequencies, we simply rearrange the above equations, yielding:

_ ferock FTio _ TPio
(@) TP = 16f, () CTro + o8 = g

Example 1: fr=1kHz
feLock = 2MHz

RS <
TPy = 16(1)(103) =125
Substituting this result into equation (b):
FTiwo _ 125
CTw T 7558 ™~ Z5p
*.CTw =0 = 0000 (B3--B0)

FTio = 1254 = 01111101 (B7--B0)
Example 2: fr = 100Hz
feLock = 2MHz
L9107
B 6=y 16(1x10%)
Substituting this result into equation (b):
FTio _ 1250 — 4 4 226 226
256 256 256

. CTwo = 44 =0100 (B3--B0O)
FTio = 22610 = 11100010. (B7--BO)

= 1250

CTiwo +
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3.2
Noise Generator
Gontrol

(Register R6)

The frequency of the noise source is obtained in the PSG by first
counting down the input clock by 16, then by further counting down
the result by the programmed 5-bit Noise Period value. This 5-bit
value consists of the lower 5 bits (B4--B0) of register R6, as
illustrated in the following:

Noise Period
Register R6

[B?]leas[aa,leslazlm|aoJ

NOT 5-bit Noise Period (NP)
USED to Noise Generator

Note that the 5-bit value in R11 is a period value—the higher the value
in the register, the lower the resultant noise frequency. Note also that,
as with the Tone Period, the lowest period value is 00001 (divide by 1);
the highest period value is 11111 (divide by 3110).

The noise frequency equation is:

fl L feLock
N T 16 NPy
Where: fn =desired noise frequency
foLock = input clock frequency

NP;o=decimal equivalent of the Noise Period
register bits B4--BO0.

From the above equation it can be seen that the noise frequency can
range from a low of @& (wherein: NPio = 3110) to a high of =
(wherein: NPyo = 1). Using a 2 MHz input clock, for example, would
produce a range of noise frequencies from 4 kHz to 125 kHz.

To calculate the value for the contents of the Noise Period register,

given the input clock and the desired output noise frequencies, we
simply rearrange the above equation, yielding:

_ forock
NEiDS e
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3 3 Register 7.is a multi-fuﬁction Enable register which controls the
** three Noise/Tone Mixers and the two general purpose I/0 Ports.

M'xer contro" The Mixers, as previously described, combine the noise and tone
l/ﬂ Enable frequencies for each of the three channels. The determination of
combining neither/either/both noise and tone frequencies on each

(Register R7) channel is made by the state of bits B5--B0 of R7.

The direction (input or output ) of the two general purpose I/0 Ports
(IOA and 1I0B) is determined by the state of bits B7 and B6 of R7.

These functions are illustrated in the following:
Mixer Control-I/O Enable

Register R7

[ 67 [ 86 [ 85 [ Ba [ 83 [ B2 [ &1 | 80 |
Function: input Enable
I/0 Port: B I A

Function: Noise Enable Tone Enable

Channel: C l B | A C [ B [ A
Noise Enable Truth Table: Tone Enable Truth Table:
R7 Bits Noise Enabled R7 Bits Tone Enabled
B5 B4 B3 on Channel B2 B1 B0 on Channel
000 c B A 0: 0 70 G B A
g g 1 C B — g 9 1 cC B —
Q.1 0 cC — A 0 1 0 cC — A
| HEEA ) Fe | cC — — [0 EERE Bl cC — —
100 0 — B A 1 20r=0 — B A
1 -8 A — B — 1-20 A — B —
| PR 0 — — A 7 o [0 — — A
|y (S | _— - — ] e | _- - —

1/0 Port Truth Table:

R7 Bits I/0 Port Status

B7 B6 10B I0A

0 0 Input Input

0 1 input Output

1 0 Output Input

1 i1 Output Output

NOTE: Disabling noise and tone does not turn off a channel. Turning a
channel off can only be accomplished by writing all zeroes into the
corresponding Amplitude Control register, R10, R11, or R12 (see
Section 3.4).

2l



3.4
Amplitude
Gontrol

(Registers R10, R11, R12)

The amplitudes of the signals generated by each of the three D/A
Converters (one each for Channels A, B,and C) is determined by the
contents of the lower 5 bits (B4--B0) of registers R10, R11,and R12as
illustrated in the following:

Amplitude Control

Register # Channel
R10 A
R11 ; B
R12 C

lBT'BGlBS_IBdlBSIlemlBO

AN

]

amplitude 4-bit "fixed"”
“Mode" amplitude Level.

The amplitude “mode” (bit M) selects either fixed level amplitude
(M=0) or variable level amplitude (M=1). It follows then that bits L3--
L0, defining the value of a “fixed” level amplitude, are only active
when M=0. When fixed level amplitude is selected, itis “fixed” only in
the sense that the amplitude level is under the direct control of the
system processor (via bits D3--D0). Varying the amplitude when in
this “fixed” amplitude mode requires in each instance the direct
intervention of the system processor via an address latch/write data
sequence to modify the D3--DO0 data.

When M=1 (select “variable” level amplitudes), the amplitude of each
channel is determined by the envelope pattern as defined by the
Envelope Generator’s 4-bit output E3 E2 E1 EQ.

The amplitude “mode” (bit M) can also be thought of as an “envelope
enable” bit: i.e., when M=0 the envelope is not used, and when M=1
the envelope is enabled. (A full description of the Envelope Gener-
ator function follows in Section 3.5).
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The full chart describing all combinations of the 5-bit Amplitude
Control is as follows:

Amplitude Control

Register # Channel
R10 A
R11 B
R12 c
B7|B6|B5|B4|B3|B2|B1|B0
S cmm———
NOT
USED Amplitude
Control
M L3 L2 L1 LO Output
oS S A o T *0 0 0 0 § The amplitude is
¢ . s . . . e ' fixed at 1 of 16 levels
. as determined by
L3 8 BB %3 3 L3 L2 L1,

The amplitude is
variable at 16 levels
1 X X X X E3 E2 E1 EO as determined by the
output of the
Envelope Generator.

X=Don't Care
( ) *The all zeroes code is used to turn a channel

“off".

Fig. 6 graphically illustrates a selection of variable level (envelope-
controlled) amplitude where the 16 levels directly reflect the output
of the Envelope Generator. A fixed level amplitude would correspond
to only one of the levels shown, with the level directly determined by
the decimal equivalent of bits L3 L2 L1 LO.

Fig. 6 VARIABLE AMPLITUDE CONTROL (M=1) reesssmmm—

14 GRAPHIC REPRESENTATION OF = CHA:‘:?EL AT
13 THE DECIMAL VALUES OF THE \ i Mang_'FJUth
AMPLITUDE CONTROL QUTPUT Al

— CHANNEL

a
“OFF"
i EP _l_ EP —__._1 g
g (1/fe) b4 o (1/fg)
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35
Envelope
Generator
Gontrol

(Registers R13, R14, R15)

To accomplish the generation of fairly complex envelope patterns,
two independent methods of control are provided in the PSG: first, it
is possible to vary the frequency of the envelope using registers R13
and R14; and second, the relative shape and cycle pattern of the
envelope can be varied using register R15. The following paragraphs
explain the details of the envelope control functions, describing first
the envelope period control and then the envelope shape/cycle
control.

3.5.1 ENVELOPE PERIOD CONTROL (Registers R13, R14)

The frequency of the envelope is obtained in the PSG by first
counting down the input clock by 256, then by further counting down
the result by the programmed 16-bit Envelope Period value. This
16-bit value is obtained in the PSG by combining the contents of the
Envelope Coarse and Fine Tune registers, as illustrated in the
following:

Envelope Envelope
Coarse Tune Fine Tune
Register R14 Register R13
IB?[BG{BS]B4|53|52| B1|Bol IB?IB&[BS|B4|B$T52|B1]BO]

i e g e

|EP15[EP14|EP13]EP12|EP11]EP10| EP9 [ eps | EP7 | EP6 | EPS I EP4 l EP3 |EP2] EP1 1EPO ]

16-bit Envelope Period (EP)
to Envelope Generator

Note that the 16-bit value programmed in the combined Coarse and
Fine Tune registers is a period value—the higher the value in the
registers, the lower the resultant envelope frequency.

Note also, that as with the Tone Period, the lowest period value is
0000000000000001 (divide by 1); the highest period value is
1111111111111111 (divide by 65,53540).

The envelope frequency equations are:

f
(a) fe = 2?%;—%"1—0 (b) EP10=256CT10+FT10
Where: fe =desired envelope frequency

fcLock =input clock frequency
EPio=decimal equivalent of the Envelope
Period bits EP15--EPO
CTio=decimal equivalent of the Coarse Tune
register bits B7--B0 (EP15--EP8)
FTic=decimal equivalent of the Fine Tune
register bits B7--B0 (EP7--EPO0)

From the above equation it can bee seen that the envelope frequency
can range from a low of 7225~ (wherein: EP10=65,53510) to a high
of ‘e (wherein: EP1o=1). Using a 2 MHz clock, for example, would
produce a range of envelope frequencies from 0.12 Hz to 7812.5 Hz.
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To calculate the values for the contents of the Envelope Pericod
Coarse and Fine Tuneregisters, given the input clock and the desired
envelope frequencies, we rearrange the above equations, yielding:

_ ferock FT10 EP1o
(a) EPyo = _—256f£ (b) CTw + 256 = —"256
Example: fe = 0.5 Hz
feloek = 2 MHz
. gpay
EPiwo = 256(0.5) = 15,626
Substituting this result into equation (b):
FTio _ 15625 _ 9
CTw* Tg =~ a8e 0 " 586
CTiwo = 6150 =00111101 (B7--B0)

FTio = 910 = 00001001 (B7--B0)

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Register R15)

The Envelope Generator further counts down the envelope fre-
quency by 16, producing a 16-state per cycle envelope pattern as
defined by its 4-bit counter output, E3 E2 E1 E0Q. The particular shape
and cycle pattern of any desired envelope is accomplished by
controlling the count pattern (count up/count down) of the 4-bit
counter and by defining a single-cycle or repeat-cycle pattern.

This envelope shape/cycle control is contained in the lower 4 bits
(B3--B0) of register R15. Each of these 4 bits controls a function in
the envelope generator, as illustrated in the following:

Envelope Shape/Cycle
Control Register (R15)

|87 | 2l 1 fa I 54] 53|B2| B [BO] Function

., o
NOT ‘ Hold
HSED Alternate § To

Envelope
Attack Generator

Continue

The definition of each function is as follows:

Hold when set to logic “1”, limits the envelope to one cycle,
holding the last count of the envelope counter (E3--
E0=0000 or 1111, depending on whether the envelope
counter was in a count-down or count-up mode, respec-
tively).

Alternate when set to logic “1”, the envelope counter reverses
count direction (up-down) after each cycle.

NOTE: When both the Hold bit and the Alternate bit are ones, the
envelope counter is reset to its initial count before holding.
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3.5
Envelope
Generator
Control
(cont.)

Fig. 7

Attack when set to logic “1”, the envelope counter will count up
(attack) from E3 E2 E1 E0=0000 to E3 E2 E1 EO=1111;
when set to logic “0”, the envelope counter will count
down (decay) from 1111 to 0000.

Continue when set to logic “1”, the cycle pattern will be as defined
by the Hold bit; when set to logic “0", the envelope
generator will reset to 0000 after one cycle and hold at
that count.

To further describe the above functions could be accomplished by
numerous charts of the binary count sequence of E3 E2 E1 EO for
each combination of Hold, Alternate, Attack and Continue. However,
since these outputs are used (when selected by the Amplitude
Control registers) to amplitude modulate the output of the Mixers, a
better understanding of their effect can be accomplished via a
graphic representation of their value for each condition selected, as
illustrated in Figs. 7 and 8.

ENVELOPE SHAPE/CYCLE CONTROL mommmmmsmmms s s

R15 BITS
B3 B2 B1 BO

GRAPHIC REPRESENTATION
OF ENVELOPE GENERATOR
QUTPUT E3 E2 E1 EO.

mCzZ--ZO0O
XOP-HA->
mAPZIM-dr>
orox

P
TR

 E T v i \ / See Fig. 8 for detail

o
o
>
>

1101/
1'10/\/\/\/\/\
1171A

—~ EP |-Q— EP IS THE ENVELOPE PERIOD
(DURATION OF ONE CYCLE).
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Fig. 8 DETAIL OF TWO CYCLES OF Fig. 7 :
(ref. waveform “1010” in Fig. 7) wesee s ——

GRAPHIC REPRESENTATION OF 14
THE DECIMAL VALUES OF THE
ENVELOPE GENERATOR
QUTPUT E3 E2 E1 EO

E

= 15

(1/fe) (17fe)
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3.6
170 Port Data
Store

(Registers R16, R17)

Registers R16 and R17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DA0--DA7) and the two I/O
ports (IOA7--IOA0 and IOB7--I0B0). Both ports are available in the
AY-3-8910; only I/O Port A is available in the AY-3-8912. Using
registers R16 and R17 for the transfer of I/0 data has no effect at all
on sound generation.

To output data from the CPU bus to a peripheral device connected
to I/0 Port A would require only the following steps:

1. Latch address R7 (select Enable register)

2. Write data to PSG (setting B6 of R7 to “1")

3. Latch address R16 (select IOA register)

4. Write data to PSG (data to be output on I/O Port A)

To input data from I/O Port A to the CPU bus would require the
following:

1. Latch address R7 (select Enable register)

2. Write data to PSG (setting B6 to R7 to “0")

3. Latch address R16 (select IOA register)

4. Read data from PSG (data from I/O Port A)

Note that once loaded with data in the output mode, the data will
remain on the I/O port(s) until changed either by loading different
data, by applying a reset (grounding the Reset pin), or by switching to
the input mode.

Note also that when in the input mode, the contents of registers R16
and/or R17 will follow the signals applied to the I/0 port(s). However,
transfer of this data to the CPU bus requires a “read” operation as
described above.
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3.7
D/A Gonverter
Operation

Since the primary use of the PSG is to produce sound for the highly
imperfect amplitude detection mechanism of the human ear, the D/A
conversion is performed in logarithmic steps with a normalized
voltage range of from 0 to 1 Volt. The specific amplitude control of
each of the three D/A Converters is accomplished by the three sets of
4-bit outputs of the Amplitude Control block, while the Mixer outputs
provide the base signal frequency (Noise and/or Tone).

Fig. 9 illustrates the D/A Converter output which would resultif noise
and tones were disabled and an envelope-controlled variable ampli-
tude were selected.

Figs. 10 through 13 illustrate other typical output waveforms.

Fig. 9 D/A CONVERTER OUTPUT (ref. Fig. 6) sem———————

NORMALIZED
VOLTAGE

v '1':‘5 ‘ 1'5'
NOTE: THIS IS THE ENVELOPE

ONLY—NOISE AND TONES
ARE DISABLED.

14 14
J07V - H e

SV - DECIMAL VALUE
OF E3E2 E1 EQ
(SEE AMPLITUDE
CONTROL,
SECTION 3.4)
303V -
25V -
516V -
125V -
0
ot

EP=ENVELOPE PERIOD

29



Fig. 10 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1000
(RO=145, R1=375, R7=7635, R12=205, R15=10, all other registers=0)

(L1
(111
T4 il
he

(1 1] \ :
“ : g Y1 ¥ Y W
RERRRRRIRRRRORtnanntia st POV 6 0 400000 0000000000000

Fig. 11 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1100
(R15=14,, all other registers same as Fig. 10) " E—————————

w
o !



Fig. 12 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1010
(R15=124, all other registers same as Fig. 10) mees—————
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( 4 INTERFAGING

4_‘ Since the AY-3-8910/8912 PSG must be used with support compo-
2 nents, interfacing to the circuit is an obvious requirement. The PSG is
Introduction designed to be controlled by a microprocessor or microcomputer,
and drive directly into analog audio circuitry. It provides the link
between the computer and a speaker to provide sounds or sound

effects derived from digital inputs.

The following paragraphs provide examples and illustrations show-
ing the ease with which an AY-3-8910/8912 Programmable Sound
Generator may be utilized in a microprocessor/microcomputer
system.

Fig. 14 SYSTEM BLOCK DIAGRARM o e S

ADDRESS
INPUT

DATA
OUTPUT

DATA/
ADDRESS
BUS

MICROPROCESSOR/ MEMORY

MICROCOMPUTER

BUS CONTROL

ANALOG
QUTPUTS

GENERATOR AMELIRIER
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4 2 An economical solution to providing a system clock is shown in Fig.

5 15. It consists of a 3.579545MHz standard color burst crystal, a

Clock cDp4o69 CMOS inverter, and a CD4013 to divide the color burst

G t- frequency in half. The clock produced for the PSG runs at a

enerauon 1.7897725MHz rate. Depending on the microcomputer used, its clock
should be selected within its specified value.

Fig. 15 CLOCK GENER AT IO/N  coummmmmmsmessesss s s s

EiTiER cLock |« L7897IZSMbE

TO MICRO

COMPUTER . 0.8948863MHz
(SPEC. DEPENDENT) ™

PSG
3.579545MHz

22 T
4069 f } 4069 f' E
CRYSTAL
1.7897725MHz
’ I_q CLOCK TO PSG

20pF

10M 13 9 12
— "\ N—" 3000 ‘

3 4069
{>c {>c 4013 0

4069 4069

46,7
2 5 8,10
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4_3 Fig. 16 illustrates the audio output connections to a commercially
e available LM386 audio amplifier. It shows channels A, B, and C
A“dlo 0utput summed together to enable complex waveforms to be composed and
Interface amplified through a single external amplifier. These channels may be
individually amplified through separate channels for more exotic

sound systems.

Each output channel is individually controlled by separate amplitude
registers (R10, R11, R12) and an enable register (R7) in the PSG.

Fig. 16 AUDIO OUTPUT INTERFACE s

ANALOG CHANNEL QUTPUTS

PSG A
5K
500 = )
T SR 10

B

Cc

p—AANN—
S

s
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4.4
External
Memory

Access

Fig. 17

The ROM or PROM shown connected to the PSGin Fig. 17 illustrates
an option for providing additional data information for processor
support. The two I/0 registers within the PSG are used in this case to
address the memory via I/O Port A (8 Bits) and read data from the
memory via I/0 Port B (8 Bits).

An example of the bus control sequence to address and read an
external memory connected to I/0 ports A and B would be as follows
(Assume Port A addresses and Port B reads):

Bus Codes
Bus Control BDIR BC2 BC1 Explanation of Bus Data (DA7--DAO)
Latch address 1 1 1 00000111: Latch R7 to program I/O Ports
Write to PSG 1 1 0 01000000: Set B7, B6 to 0, 1 respectively
Latch address 1 1 1 00001110: Latch R16 to address memory
Write to PSG 1 1 0 00000001: Address data to memory
Latch address 1 1 1 00001111: Latch R17 to read memory
Read from PSG 0 1 1 XXXXXXXX: Memory data contained in R17

NOTE: BC2 in the above Bus Codes may be permanently tied to +5V thus
requiring only two bus control lines for all control operations (refer to
Section 2.3 for a complete explanation).

Also, RAM or EAROM may be used in place of the ROM or PROM

shown by altering the program to use PORT B as an I/0O. Port B then
will be able to write data as an output and read data as an input.

EXTERNAL MEMORY ACCES'S o mmssmmm s S

PSG I
R7. B6=1 1A
(IOA OUTPUT) | 10A1 M A
10A2 » 3
I0A3 i 256x8
S MEMORY
10A4 ¥ S (ROM or PROM)
I0A5 1
DAO BO N
I0A6
DA1 B1
I0A7 DATA OUT
DA2 B2 | © | ~
DA3 pa| G| &
b5
DA4 B4 6__6_
w w
DA5 Bs | o |
DAB B6 10B0 <
DA7 B7 10B1 i
REGISTER 1082 <
ARRAY 1083 i
' 1084
10B5 <
R7, B7=0 | 1OB6 a
(IOB INPUT) [[o57
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4 5 In Fig. 18, the lines identified DA7--DAO are the input/output bus bits
3 7--0. This 8 bit bus is used to pass all data and address information

Microprocessor/ between the AY-3-8910/8912 and the system processor.

i BC1, BC2 and BDIR are bus control signals generated by the
Mlcrocomputer processor to direct all bus operations. These operations are identi-

Inte”ace fied as Latch Address, Write to PSG, Read from PSG, and Inactive.

The following Sections detail specific interfaces to several popular
microprocessors/microcomputers.

Fig. 18 MICROPROCESSOR/MICROCOMPUTER INTERFACE wmsmmm

+5V

g |

- A9 AB
#{ DAO
DA1
¥ DA?2
3 DA3
8BIT |
DATA/ADDRESS LINES DA4
pas PSG
uP/uC DAG
DA7
BC1
BUS CONTROL
LINES BC2
BDIR
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4.6
Interfacing
to the PIC 1650

Fig. 19 shows the schematic of an AY-3-8910 demonstrator circuit.
This configuration uses a PIC 1650 as the main controller in the
circuit. The PIC 1650 is used to scan the keyboard, fetch data from
the PROMs, write data to the AY-3-8910 and provide the timing for the
AY-3-8910.

The interfacing is direct since the PIC 1650 and the AY-3-8910
operate with compatible supplies and input/output voltages.

This particular schematic illustrates how a microcomputer with
additional memory can produce a stand-alone music and sound
effects circuit. The circuit as shown operates with manual keyboard
selections.

As Fig. 19 shows, the design for the interface connects directly to the
output pins of the 1650 and the BC1, BC2, BDIR pins. The software
then has the responsibility of manipulating these signals to signal the
PSG to perform the proper address latch, read or write operations.

The program routine in this section illustrates code which isusedina
hand-held demonstrator unit. This demonstration unit illustrates the
range of PSG capabilities, including music, sound effects and 1/O
control. Note that the generalized routines perform the address
latching before every read for convenience.

The “READ ROM” routine illustrates use of the generalized read and
write routines to access the outside world through the PSG to read
and write.

4.6.1 WRITE DATA ROUTINE

80. 'WRITE FROM 1650 TO 8910
81. : :ADDRESS OF 8910 REG IN ‘ADDRES’
82. ;DATA TO WRITE IN ‘DATA’

83. 024 0066 WRIT1 MOVWF ADDRES ;
84. 025 1026 WRITE MOVF  ADDRESW ;GET REGISTER NO.

85. 026 0045 MOVWF IOA ;SET ADDRESS

86. 027 1006 MOVF I0BW :GET PRESENTBC1,BC2,BDIRETC.
87. 030 7370 ANDLW 370

88. 031 6404 IORLW 4 ;SET BAR

89. 032 0046 MOVWF 10B ;SEND BAR

90. 033 7370 ANDLW 370

91. 034 0046 MOVWF 10B ;SEND NACT

92. 035 1027 MOVF DATAW

93. 036 0045 MOVWF IOA :PUT DATA ON D/A PINS OF 8910
94. 037 1006 MOVF IOBW

95. 040 7370 ANDLW 370

96. 041 6406 IORLW 6

97. 042 0046 . MOVWF I0B ;SEND DWS

98. 043 7370 ANDLW 370 :SET UP NACT

99. 044 0046 MOVWF 1I0B ;SEND NACT

100. 045 4000 RET: :RETURN TO CALLING ROUTINE
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4.6

Interfacing

to the PIC 1650
(cont.)

4.6.2 READ DATA ROUTINE

;ADDRESS OF READ IN REGISTER 'ADDRES'

;AFTER READ, INPUT DATA IN REGISTER ‘DATA'
;ENTRANCE READ1 ASSUMES THAT REGISTER NUM IN W

. 000
. 001
. 002
. 003
. 004
. 005
. 006
. 007
. 010
. 011
. 012
. 013
. 014
. 015
. 016
. 017
. 020
. 021
. 022
. 023

0066
1026
0045
1006
6404
0046
7370
0046
6377
0045
1006
7370
6403
0046
1005
0067
1006
7370
0046
4000

READ1
READ

MOVWF
MOVF
MOVWF
MOVF
IORLW
MOVWF
ANDLW
MOVWF
MOVLW
MOVWF
MOVF
ANDLW
IORLW
MOVWEF
MOVF
MOVWF
MOVF
ANDLW
MOVWEF
RET

ADDRES ;BYPASS ADDDRESS STORE
ADDRESW ;GET REGISTER NO.
I0A ;MOVE TO 8910 D/A PINS
I10BW ;GET PRESENT BC1,BC2,BDIR ETC.
4 ;SET BAR
108 ;SEND BAR
370
10B ;SEND NACT
377 :
I0A ;SET FOR INPUT
I0B.W !
370
3 ;SET DTB
10B ;SEND DTB
IOAW
DATA 'SAVE DATA
I0B.W
370
108 'SEND NACT
;RETURN TO CALLING ROUTINE

4.6.3 READ ROM ROUTINE

106.
107.
108.
109.
100.
111,
112
113.

114.
115.
116.
T
118.
119,
120.
121.
122.
123.
124.
125.
126.

046
047
050
051
052
053
054
055
056
057
060
061
062

1030 NEXROM MOVF
0067 ROMRD MOVWF

6016
0066
2306
4425
1266
4401
2706
1770
4000
2646
4000

:ADDRESS OF ROM IN W AT ENTRANCE NEXROM
:ADDRESS OF ROM IN ROMAD AT ENTRANCE ROMRD

‘;INCHEMENTS ROMAD AFTER READ, IF ROM ADDRESS
:CROSSES 256 BORDER, MAKE UPPER BANK SELECT=1

;USES 8910 REG 16 FOR ADDRESS
;8910 REG 17 FOR INPUT DATA

ROMAD,W

DATA ;PUT ADDRESS
MOVLW 16 :1/0 A ADDRESS
MOVWF ADDRES
BCF I0B,6 ;TURN ON ROM
CALL WRITE ;SEND TO IOA
INCF ADDRES :TO IOB ADDRESS
CALL READ ;GET DATA
BSF 10B,6 ;TURN OFF ROM
INCFSZ ROMAD ;TO NEXT LOC
RET
BSF I0B,5 ;SET HIGH SELECT
RET :RETURN TO CALLING ROUTINE
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Fig. 19 PIC 1650/AY-3-8910 SYSTEM EXAMPLE
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4.7
Interfacing to the

CP1600/1610

As shown in Fig. 20, the wiring is direct between the AY-3-8910and a
CP1600/1610 microprocessor. The levels are compatible thus elimi-
nating any need for level converters. Even the terminology between
the IC's remains constant to provide simple-to-follow connections.

The CP1600/1610 acts as a controller in this configuration fetching
data from ROM'’s contained elsewhere in the system. The CP1600/
1610 also acts as the bus controller developing the necessary timing
for the AY-3-8910.

4.7.1 WRITE DATA ROUTINE
The program necessary to write to a selected register is as follows:

MVI value, RO; move in value to be written
MVO RO, Reg; write to register

The routine to load all registers with the same value is as follows:
MVII Reg 0, R4
CLRR RO
Here MVO@ RO, R4
CMPI Reg 0 + 17, R4
BLT Here

4.7.2 READ DATA ROUTINE

- The routine to read from a selected register is as follows:

MVI Reg, RO; get data from reg in RO
MVO RO, value; store in memory
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Fig. 20 CP1600/1610/AY-3-8910 INTERFA CE e —
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4.8
Interfacing
to the M6800

An M6800 microprocessor can be interfaced with an AY-3-8910/8912
through the addition of an M6820 PIA chip. The I/O ports designated
as PAO to PA7 are used as the 8 bit bus lines and I/0 ports PB0 to PB2
are used as the bus control lines. The software routines shown are
used to control the latch address, write data, and read data functions
for the AY-3-8910/8912.

4.8.1 LATCH ADDRESS ROUTINE
;AT ENTRY, B HAS ADDRESS VALUE

LATCH CLRA
STAA 8005 ;GET D DIR A
LDAA #FF
STAA 8004 ;OUTPUTS
LDAA #4 ,
STAA 8005 ;GET PERIPHERAL A
STAB 8004 ;FORM ADDR
STAA 8006
CLRA '
STAA 8006 ;LATCH ADDRESS
RTS ;RETURN

4.8.2 WRITE DATA ROUTINE
;AT ENTRY, B HAD DATA VALUE

WRITE STAB 8004 ;FORM DATA
LDAA #6 ;DWS
STAA 8006
CLRA
STAA 8006 ;WRITE DATA
RTS ;RETURN

4.8.3 READ DATA ROUTINE
;AFTER READ, B HAS READ DATA

READ STA A 8005 ;GET D DIR
STA A 8004 ;INPUTS
LDAA #4
STA A 8005 ;GET PERIPHERAL
DECA :
STA A 8006 ;READ MODE
LDA B 8004 ;READ DATA

CLRA
STA A 8006 ;REMOVE READ MODE
RTS ;RETURN
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Fig. 21 M6800/AY-3-8910 INTERF A CE s —
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4.9
Interfacing
to the 8080

$100 Bus

The sample S100 bus design provides for reading and writing the
PSG using only an 8080 “IN” or “OUT” instruction to the proper
address. Another feature of the design is the provision for multiple
PSG devices to be connected to a single bus. The system described is
presently running two PSG's, one to each of two stereo channels.

As can be seen from the read and write routines in the illustrative

program, the program overhead necessary to communicate with the
PSG is minimal.

4.9.1 LATCH ADDRESS ROUTINE

PORTADDR EQU 80H ;ADDRESS TRANSFER PORT ADDRESS
PORTDATA EQU 81H ;DATA TRANSFER PORT ADDRESS

;THIS ROUTINE WILL TRANSFER THE CONTENTS OF
;8080 REGISTER C TO THE PSG ADDRESS REGISTER
PSGBAR MOV  AC;GET CINAFOR OUT
OUT PORTBAR ;SEND TO ADDRESS PORT
RET

4.9.2 WRITE DATA ROUTINE

EROUTINE TO WRITE THE CONTENTS OF 8080 REGISTER B
;TO THE PSG REGISTER SPECIFIED BY 8080 REGISTER C

PSGWRITE CALL PSGBAR ;GET ADDRESS LATCHED
MOV - AB, ;GET VALUE IN A FOR TRANSFER
OUT PORTDATA ;PUT TO PSG REGISTER
RET

4.9.3 READ DATA ROUTINE

EHOUTINE TO READ THE PSG REGISTER SPECIFIED
:BY THE 8080 REGISTER C AND RETURN THE DATA
;IN 8080 REGISTER B

PSGREAD CALL PSGBAR
IN _ _PORTDATA :GET REGISTER DATA
MOV - B.A GET IN TRANSFER REGISTER
RET
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5.1
Note Generation

MUSIC GENERATION

The production of music involves the creation of series of frequen-
cies which are pleasing to the human ear (setting critical evaluation
aside). This involves essentially mathematical relationships, making
the application ideal for digital devices. For example, the shifting up
or down in octaves is a multiplication or division by a power of 2,
which is a simple shift operation for most microprocessors.

Another factor in music generation is “communication”. The com-
poser must be able to convey his tune ideas so that a musician or
group of musicians can reproduce the composer’s ideas—often on
widely differing instruments. This concept involves “tuning” the
instruments to a standard set of frequencies and following a set
rhythm pattern. The tuning frequency most widely used is based on
the third octave note “A” of 440Hz, the “Equal Tempered Chromatic
Scale”.

Although it is easy to construct recognizable tunes using only one
note at a time, the simultaneous sounding of more than one note to
produce chords and counterpoint vastly increases the quality of the
sound. This feature is easily achieved in the PSG since three
channels are provided, each independently programmable.

Since notes are formed by sustaining a particular frequency for a
preset period of time at a varying amplitude, the PSG performs this
function with a series of simple register loads. The method used in
many cases is to obtain register load values for first octave notes and
to shift to the correct octave at playtime.

The chart in Fig. 23 lists a full 8 octaves of notes from a low of C1
(832.703Hz) to a high of B8 (7902.080Hz). Assuming an input clock
frequency of 1.78977MHz (one half the standard “color” crystal
frequency of 3.579545MHz), and applying the formulas of Section 3.1
for calculating Tone Period register load values, results in the
register values shown. The nature of the PSG divider scheme
produces a high degree of accuracy for low frequencies, less for high
frequencies. This can be seen in the chartin the comparison of “ideal
frequencies” and “actual frequencies”, with the ideal frequencies
being those of the Equal Tempered Chromatic Scale, and the actual
frequencies being the “best fit” values from the formula calculation.
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5.2
Tune Entry/
Playback

53
Tune Variations

One of the methods of entering a composition into a computer
memory would be to utilize a keyboard to pass number and
alphabetic information concerning the composer’s wishes. An alter-
nate method would be to scan a positional series of switches (like a
piano keyboard) to determine note, volume and duration data.

Since flexibility in tune entry is desired, it is important to allow the
composer to specify certain constants of entry such as octave, pitch
or tempo, and have these entries normalized to a known value.

One of the significant features of a microcomputer based music
player is the ability to modify the tune once it has been recorded.
Among the simpler variations are:

5.3.1 OCTAVE SHIFT

If an octave constant is added to the octave of the recorded note prior
to storing the value in the PSG register, dynamic pitch changes can
be obtained. The programming effect would be to shift one bit left for
each lower octave and one bit right for each higher octave. For
example, the effect will be that a tune written to play on a piano will
sound like bells if a multiple octave up modification is performed.

5.3.2 KEY

One measure of the virtuosity of a musician is his ability to modify the
“key” or suboctave shift of a composition. The logical description of
key transposition is to shift each note up or down by a predetermined
number of notes from the original. For example, a piece written in C
and played in C# would have all C notes shifted to C#, C# shiftedto D,
etc. (Note that the case must be considered where B of one octave is
shifted to C of the next higher octave.) All of these operations require
that the one of twelve note identification must be retained in the
recorded representation.

5.3.3 TEMPO

The duration of each recorded note is best expressed in terms of
“ticks” of an overall “tempo clock”. At playtime, the total duration can
be obtained by programatically multiplying the individual note to
“slow down” or “speed up” the tune without changing the crucial time
relationship between the notes. This can be accomplished by
imbedding the note timing loops within the tempo timing loops for
simple operation.
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5.3.4 CHORDS

There are certain combinations of notes which when played simul-
taneously produce pleasant combinations. These “chords” can be
easily formed from a base note by performing octave and key
changes on two notes, which are played with the main note. These
relationships are illustrated in Fig. 24, which lists the various note
constants which will produce musical chords. A chord with a
particular quality may be formed by playing its root, a 3rd Minor or
Major, and other notes from the chord chart. For example, a C Major
chord is formed from C(=-2), E(+2), and G(=-2).

Fig. 24 CHORD SELECTION CH A R T e —

Bl Root ardMinor | 3rd Major 4th 5th 6th 7th

c c (+2) D# (+2) E . il=2) F (+2) G (+2) A (+2) A# (+2)
c# C# (+2) E (+2) E (+2) F#(+2) G#(+2) A¥ (+2) 8 (+2)
D D (+2) F (+2) F#(+2) G (+2) A (=2 B (=2 C (=)
D# D# (+2) F#(+2) G (+2) G#(+2) A#(=2) €21 cH{+1)
£ E (+2) G (+2) G#(+2) A (2 B (+2) C#(+1) D: 5N
F F (+2) G# (+2) A (%2 A#(+2) C (1) D (=1) D#(z1)
F# F# (+4) A (=4) Ak (+4) B (=4) C#(+2) D# (+2) E (+2)
G G (+4) A# (£4) B (+4) c (+2) D (+2) E a(=e) F (+2)
GH# G# (+4) B (+4) C (+2) c#(+2) D#(+2) F (%2 F#(+2)
A A (+4) C (+2) C# (+2) D (+2) E (+2) F#(+2) G (+2)
A# Af (+4) C# (+2) D 1:2) D#{+2) F {(+2) G (2 G#(+2)
B B (+4) D (+2) D#(+2) E (2 F#(+2) G#*(+2) A (+2)

O e T o S e e e B
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5.4
Sound Variation

5.4.1 RELATIVE CHANNEL VOLUME

The independently programmable amplitude control for each chan-
nel allows up to 16 levels if using the processor controlied amplitude
mode (bit 4 of registers 10, 11 or 12=0). In the case of a
decaying or steady note, when a note is played or “fired”, afrequency
may be set up in the coarse and fine tune registers and then an
amplitude value placed in the respective register 10, 11 or 12. The
value which is placed to play the tune can be an independent
variable, allowing channels to play their respective melody lines with
varying force.

5.4.2 DECAY

The main difference between a “piano” sound and an “organ” sound
is the speed with which the note loses volume. If all of the notes can be
decayed at a uniform rate, the automatic envelope generator can be
set to produce a decaying waveform. Each of the three channels can
have the same decay constant but differing playing times to simulate
the same instrument with differing note-strike times.

5.4.3 OTHER EFFECTS

The addition of variable noise to any or all of the channels can
produce modification effects such “breathing” with a wind instru-
ment. Or noise can be used alone to produce adrum rhythm. The fact
that the noise dominant frequencies are variable allows “synthesizer”
type effects with simple processor interaction.

Other pleasing effects include vibrato and tremolo, the cyclical
variation of the frequency and volume. Because an intelligent
microprocessor is controlling the effect, they can be all keyed to the
tune itself or to other external stimuli.
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5.9
Applications

Fig. 25

(i 2 R b g P S R M RS SR S N NE S E e SR

While many applications of the PSG in music generation are
apparent, for instance in the area of toys and games, other applica-
tions are possible even in the area of high accuracy sophisticated
musical instruments such as high-end electronic organs. With tone
frequencies generated from another source to meet the exacting
requirements of organ operation, the PSG can be used as a complex
envelope generator. The PSG is also effective for generating bass
notes and rhythms with percussion instruments, taking advantage of
the PSG’s high accuracy in producing low frequency notes. The
following paragraphs detail examples of these applications.

5.5.1 ORGAN ENVELOPE GENERATION

The envelope generation diagram shown in Fig. 25 illustrates how an
AY-3-8910 can be configured to produce envelopes for organ
voicing. All functions are controlled by a microcomputer.

The basis of this system consists of a master frequency generator
with a string of dividers. This produces all frequencies for the
keyboard. The microcomputer and the AY-3-8910 are actually used
to replace the usual components of voicing filters that would
ordinarily be used in an electronic organ.

The microcomputer shown isa Gl PIC 1650 controlled by inputs from
the keyboard keyer circuit and a control switch matrix. The keyer
inputs octave and key closure information to develop the envelope
amplitude and duration for the.note to be played. The control switch
matrix can be used to control sustain and add other special effects.
The ROM shown connected to the AY-3-8910 is optional depending
on the amount of data necessary for the microcomputer.

The system shown here may also consist of multiple AY-3-8910s, all
controlled by a single microcomputer. It represents an economical
solution to developing voicing control with a minimum of s®mpo-
nents.

ORGAN ENVELOPE GENERATION

MASTER MFG 2 o b £ = &
CLOCK AY-3-0214 U - U i 2 U 3 1£ 2 U e
KEYER CIRCUIT
: KEY CLOSURE AND FREQUENCY
. ‘luJ;DCTAVEINFOHMAT1ON OUTPUT
L- 2 —b PIC 1650 <:> AY-3-8910 "|rOM
1 ENVELOPE
OUTPUT
AMP

CONTROL
SWITCH
MATRIX
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5.5
Applications
(cont.)

5.5.2 ORGAN RHYTHM GENERATION

The rhythm generation diagram (Fig. 26) illustrates a simplified
version of how a microcomputer can be implemented with the AY-3-
8910 to provide a percussion instrument section for an electronic
organ.

The microcomputer used in this case could be a Gl PIC 1650 which
can be internally programmed to drive a series of AY-3-8910's, all
hardwired to an I/O port of the PIC. Each AY-3-8910 provides a
separate output envelope and frequency of the instrument it is to
synthesize. )

The Rhythm Switch Matrix is used to select any preprogrammed
rhythm pattern and tempo from the PIC. The Instrument Select
switches allow manual in/out selection of the 8910's via the AB and A9
address lines providing additional instrument sound variations.
These switches are intended to be user-selected and mounted in a
convenient position on the instrument.

In addition, optional ROMs could be added to the PSG I/0 ports,
saving microcomputer ports, to provide extra rhythm length or
number of patterns. These ROMs could also be replaced by EAROMs
to provide user rhythm programming from a modified Rhythm Switch
Matrix. The programmable rhythm feature could be used to add new
or original user rhythms to update the instrument.

Fig. 26 ORGAN RHYTHM GENERAT O/ e —n—————s

ROM/
EAROM
MASTER ——|J> AY-3-8910
CLOCK PIC 1650 (BASS DRUM)
ROM/
EAROM
AY-3-8910
(SNARE DRUM)
RHYTHM
SWITCH
MATRIX »
ROM/
EAROM
AY-3-8910
INSTRUMENT (CYMBAL)
SELECT
¥ AMP
| |
I I SPKR
| |
EXTRA 8910's
AS REQUIRED
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6 SOUND EFFECTS GENERATION

One of the main uses of the PSG is to produce non-musical sound
effects to accompany visual action or as a feature in itself. The
following sections outline techniques and provide actual examples of
some popular-effects. All examples are based on a 1.78977MHz PSG
clock.

6 '| Many effects are possible using only the tone generation capability of
" ¥ the PSG without adding noise and without using the PSG's envelope
Tone onlv generation capability. Examples of this type of effect would include
E"ects telephone tone frequencies (two distinct frequencies produced
simultaneously) or the European Siren effect listed in Fig. 27 (two

distinct frequencies sequentially produced).

Fig. 27 EUROPEAN SIREN SOUND EFFECT CHART esecssmsmmmm—""

Octal
Register # Load Value Explanation
Any not specified 000 —
RO 376} Set Channel A Tone period to 2.27ms
R1 000 (440Hz).
R7 076 Enable Tone only on Channel A only.
R10 017 Select maximum amplitude on Channel A.
(Wait approximately 350ms before continuing)
RO 126 } Set Channel A Tone period to 5.346ms
R1 001 (187Hz).
(Wait approximately 350ms before continuing)
R10 000 Turn off Channel A to end sound effect.

R T, S T o o e s 2 L e e e e R )
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6.2
Noise Only
Effects

Fig. 28

Fig. 29

Some of the more commonly required sounds require only the use of
noise and the envelope generator (or processor control of channel
envelope if other channels are using the envelope generator).

Examples of this, which can be seen in Figs. 28 and 29, are gunshot
and explosion. In both cases pure noise is used with a decaying
envelope. In the examples shown the only changes are in the length
of the envelope as modified by the coarse tune register and in the
noise period. Note that a significantly lower explosion can be
obtained by using all three channels operating with the same
parameters.

GUNSHOT SOUND EFFECT CHART =eossssssmmm s

Octal
Register # Load Value Explanation
Any not specified 000 —_
R6 017 Set Noise period to mid-value.
R7 007 Enable Noise only on Channels A,B,C.
S}? ggg Select full amplitude range under direct
R12 020 control of Envelope Generator.
R14 020 Set Envelope period to 0.586 seconds.
R15 000 Select Envelope “decay”, one cycle only.

EXPLOSION SOUND EFFECT CHART s

Octal
Register # Load Value Explanation
Any not specified 000 =
R6 000 Set Noise period to max. value.
R7 007 Enable Noise only, on Channels A,B,C.
2_1'? ggg Select full amplitude range under
R12 020 direct control of Envelope Generator.
R14 070 Set Envelope period to 2.05 seconds.
R15 000 Select Envelope “decay”, one cycle only.
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6.3 The Laser, Whistling Bomb, Wolf Whistle, and Race Car sounds in
Figs. 30 thru 33 all utilize frequency sweeping effects. In all cases
Frequel‘lcv they involve the increasing or decreasing of the values in the tone
s Eﬁ t period registers with variable start, end, and time between frequency
WBBP ecis changes. For example, the sweep speed of the Laser is much more
rapid than the high gear accelerate in the race car, yet both use the

same computer routine with differing parameters.

Other easily achievable resuits include “doppler” and noise sweep
effects. The sweeping of the noise clocking register (R6) produces a

“doppler” effect which seems well suited for “space war” type games.

Fig. 30 LASER SOUND EFFECT CHART o ———

Octal
Register # Load Value Explanation
Any not specified 000 —
R7 076 Enable Tone only on Channel A only.
R10 017 Select maximum amplitude on Channel A.
Sweep effect for Channel A Tone period
RO 060 (start) via a processor loop with approximately
RO 160 (end) 3ms wait time between each step from 060
to 160 (0.429ms/2330Hz to 1.0ms/1000Hz).
R10 000 Turn off Channel A to end sound effect.

A T T Y e L e s R e W P P R

Fig. 31 WHISTLING BOMB SOUND EFFECT CHART e —

Octal
Register # Load Value Explanation
Any not specified 000 —
R7 076 Enable Tone only on Channel A only.
R10 017 Select maximum amplitude on Channel A.
Sweep effect for Channel A Tone period via
RO 060 (start) a processor loop with approximately 25ms
RO 300 (end) wait time between each step from 060 to 300

(0.429ms/2330Hz to 1.72ms/582Hz).
After above loop is completed, follow with sequence in Fig. 28.

R S, S e R Py W Oeee]
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6_4 Because of the independent architecture of the PSG, many rather
. complex effects are possible without burdening the processor. For
Mllltl-channel example, the Wolf Whistle effect in Fig. 32 shows two channelsin use
E" t to add constant breath hissing noise to the three concentrated
ecis frequency sweeps of the whistle. Once the noise is put on the
channel, the processor only need be concerned with the frequency

sweep operation.

Fig. 32 WOLF WHISTLE SOUND EFFECT CHART =eesssse—"

Octal
Register # Load Value Explanation
Any not specified 000 —_
R6 001 Set Noise period to minimum value.
R7 056 Enable Tone on Channel A, Noise on Channel B.
R10 017 Select maximum amplitude on Channel A.
R11 011 Select lower amplitude on Channel B.
Sweep effect for Channel A Tone periodviaa
RO 100 (start) } processor loop with approximately 12ms
RO 040 (end) | wait time between each step from 100 to 040

(0.572ms/1748Hz to 0.286ms/3496Hz).
(Wait approximately 150ms before continuing)
A processor loop with approximately 25ms
gg 10%% ((s;g&t)) wait time between each step from 100 to 060
(0.572ms/1748Hz to 0.429ms/2331Hz).
A processor loop with approximately 6ms
RO 080 (start) wait time between each step from 060 to

3o 150 (end) | 450 (0.429ms/2331Hz to 0.930ms/1075Hz).
R10 000
R11 000 } Turn off Channels A and B to end effect.

Fig. 33 RACE CAR SOUND EFFECT CHART TN Ty

Octal
Register # Load Value Explanation
Any not specified 000 =
R3 017 Set Channel B Tone period to 34.33ms (29Hz).
R7 074 Enable Tones only on Channels A and B.
R10 017 Select maximum amplitude on Channel A.
R11 012 Select lower amplitude on Channel B.
Sweep effect for Channel A Tone period via
*R1/R0 013/000C (start) J a processor loop with approximately 3ms wait
*R1/R0O 004/000 (end) ] time between each step from 013/000 to
004/000 (25.17ms/39.7Hz to 9.15ms/109.3Hz).
A processor loop with approximately 3ms
H1ﬁH0 %1013//%%% (Stagt} wait time between each step from 011/000 to
R1/R0 (end) | 503/000 (20.6ms/48.5Hz to 6.87ms/145.6Hz).
R1/R0O 006/000 (start) A processor loop with approximately 6ms

wait time between each step from 006/000 to
R1/R0 001/000 (end) | 401/000 (13.73ms/72.8Hz to 2.29ms/436.7Hz).

R10 000
R11 000 }Turn off Channels A and B to end effect..

* Decrement R1/R0 as a whole number, e.g. start at 013/000, then 012/377,
then 012/376, etc.
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7.1
Maximum

Ratings

1.2
Standard
Conditions

7.3
DG
Characteristics

Fig. 34

Fig. 35

ELECTRICAL SPECIFICATIONS

Storage Temperature

......................... —55*C 1o +150°C

Operating Temperatlre . . . ..o e o iaike 0°C to +40°C
Vce and all other input and output

voltages with respecttoVss ......ocvvvvivinn —0.3V to +8.0V

Exceeding these ratings could cause permanent damage to these devices.
Functional operation at these conditions is not implied—operating conditions
are specified below.

Vcc — +5V iS%
Vss= GND
Operating temperature: 0°C to +40°C

Characteristic Sym | Min. Typ.* |Max. | Units Conditions
All Inputs
Logic “0" Vie| O — | 0.6 Vv
Lagic 1" Vm|24] — |Vec| V
All Outputs (except
Analog Channel Outputs) :,
Logic "0” Vou| O — | 05 V |Io=1.6 mA, 20pF
Logic “1” Vow| 24| — |Vec| V |Iow=100uA, 20pF
~ Analog Channel Outputs Vo 0 — 60 | dB | Test circuit: Fig. 34
Power Supply Current Iec | — 45 75 | mA

*Typical values are at +25°C and nominal voltages.

ANALOG CHANNEL OUTPUT TEST CIRCUIT m—"

R
AT
ANALOG

CHANNEL O———8— +
OUTPUT

(OP AMP MUST NOT SATURATE)

CURRENT TO VOLTAGE CONVERTER oS

+5V

680

ANALOG
CHANNEL O
OUTPUT

2N2222

)
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7.4
AG
Characteristics

Fig. 36

Fig. 37

Characteristic Sym|Min.|Typ.* |Max.| Units | Conditions
Clock Input
Frequency fe |10| — |20 | MHz
Rise time W | — — 50 ns
Fall time tf —_ — 50 ns ;
Duty Cycle — o} m k7 g g T ee
Bus Signals (BDIR, BC2, BC1)
Associative Delay Time teo | — —_ 50 ns
Reset
Re_set Pulse Width taw | 500 | — — ns } Fig. 37
Reset to Bus Control Delay Time tag |100| — | — | ns
A9, A8, DA7--DAO (Address Mode)
Address Setup Time tas | 400 — — ns }Fig. ag
Address Hold Time taw | 100 | — - ns
DA7--DAOQ (Write Mode)
Write Data Pulse Width tow | 500 | — 10,000 ns
Write Data Setup Time tos | 50 — —_ ns }Fig. 39
Write Data Hold Time tow | 100 | — —_ ns
DA7--DAO (Read Mode)
Read Data Access Time toa| — | 250 |500| ns
DA7--DAO (Inactive Mode) ] Fig. 40
Tristate Delay Time trs | — | 100 |200| ns

* Typical values are at 25°C and nominal voltages.

CLOCK AND BUS SIGNAL TIMING s ————

V VIH
1H
BDIR/
CLOCK “ BC2/BC1
L VIL
tr ——| — tap |t——
Vim
BDIR/
r——1/fc BC2/BC1
VIL
a. b.
RESETTIMING
BUS
CONTROL NACT VALID BUS SIGNAL
DECODE
l— tpp 4
e tpyy ——— Vin
RESET
VIL

BUS CONTROL
SIGNALS CHANGING

—Pl I‘— 50 ns MAX.,

INCLUDING SKEW.
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Fig. 38

Fig. 39

Fig. 40

BUS
CONTROL DON'T CARE % EATCH DON'T CARE
DECODE ADDRESS
f—tas tan pt—
VIH
A9, A8, PREVIOUS *x
DA7--DAO STATE ADDRESS
VIL
% BUS CONTROL *ANY COMBINATION OF BDIR, BC2, BC1
4 SIGNALS CHANGING WHICH DECODE “LATCH ADDRESS":

—-l l-—— 50 ns MAX., INCLUDING SKEW.

**REFER TO PARAGRAPH 2.1.1

FOR A DESCRIPTION OF

“VALID"” PSG ADDRESSING.

BDIR BC2 BC1
0 0 1

ORI R D
OrE it ha)

WRITE DATA TIMING

comgg? DON'T CARE WRITE TO PSG* a DON'T CARE
DEGCODE
— tos tow —» ton [E—
V|H
DA7--DAO P%ﬁ‘ﬂ?gs DATA
Vi

771 BUS CONTROL

i

SIGNALS CHANGING

50 ns MAX.,

INCLUDING SKEW.

*“WRITE TO PSG™:

BDIR BC2 BC1
1 1 0

READ DATA T IV 1IN G 00 e s

CONTE%E DON'T CARE /] READ FROM PSG* INACTIVE
DECODE
Iﬂ— tpa —= fe— trs =
Von
DA7--DAO PR&}:?&JS HEC?L?STA TRISTATE
VoL

% BUS CONTROL *"READ FROM PSG™:
Zd SIGNALS CHANGING
BDIR
50 ns MAX., REe Dot

INCLUDING SKEW. 0 1 1

A T B L e A T A S T S
R e R S aeSasl
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15
Package Outlines
Fig. 41 40 LEAD DUAL IN LINE PACKAGES (for AY-3-8910) _—_
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Fig. 42 28 LEAD DUAL IN LINE PACKAGES (for AY-3-8912) =
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Appendix F

TMS 9918A Data Sheet

The following material is copyrighted by Texas Instruments
Incorporated. It is reprinted here with the permission of Texas
Instruments. This data sheet may not be reproduced for any
purpose in whole or part without the expressed written consent of
the copyright owner.
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1:1

1.2

1.3

INTRODUCTION

DESCRIPTION

The TMS 9918A Video Display Processor (VDP) is an N-channel MOS LSI device used in video systems where data
display on a raster-scanned home color television set or color monitor is desired. The TMS 9918A generates all
necessary video, control, and synchronization signals and also controls the storage, retrieval, and refresh of display
data in the dynamic screen refresh memory. The interfaces to the microprocessor, refresh memory, and the TV
require a minimum of additional electronics.

The VDP has four video display modes: Graphics I, Graphics H, Multicolor and Text mode. The Text mode provides
twenty-four 40-character rows in two colors and is intended to maximize the capacity of the TV screen to display
alphanumeric characters. The Multicolor mode provides an unrestricted 64 X 48 color-dot display utilizing 15 colors
plus transparent. The Graphics | mode provides a 256 X 192 pixel display for generating pattern graphics in 15 colors
plus transparent, The Graphics || mode is an enhancement of Graphics | mode, providing the capability to generate
more complex color and pattern displays.

The video display consists of 35 planes, external video, backdrop, pattern plane, and 32 Sprite Planes.The planes are
vertically-stacked with the external video being the bottom or innermost plane. The backdrop plane is the next plane
followed by the pattern plane that contains Graphics | and Graphics Il patterns with the 32 Sprite Planesas the top
planes. (A sprite is an object-oriented animation pattern that can be moved-smoothly across the screen.)

The TMS 9918A VDP utilizes either a 4K, 8K, or 16K-type low-cost dynamic memory (TMS 4027, TMS 4108,
TMS 4116) for storage of the display parameters.

FEATURES

L] Single-chip interface to color TV’ (excluding RAM and RF modulator).
® 256 X 192 resolution on TV screen

° 15 unique colors plus transparent

L] General 8-bit bidirectional interface to CPU

e Direct wiring to 4K, 8K, or 16K dynamic RAM memories

@ Automatic and transparent refresh of dynamic RAMs

L] External video input capability

® NTSC - standard composite video output

® Unigue planar representation for 3D simulation

[ Standard 40-pin package

TYPICAL APPLICATIONS

L] Color computer terminals
® Home computers

L Drafting/design aids

® Teaching aids

® Industrial process monitoring
® Home educational systems
® Animation aids

The following example of a typical application may help introduce the user to the TMS 9918A VDP. Figure 1-1is a
block diagram of a typical application. Each of the concepts presented below is described more fully in later sections
of this manual.
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1.4

2.1

The VDP basically has three interfaces: CPU, color television, and dynamic refresh RAM (VRAM) the contents ot
which define the TV image. The TMS 9918A VDP also has eight write-only registers and a read-only status register.

The VDP communicates with the CPU via an 8-bit bidirectional data bus. Three control lines, decoded from the CPU
address and enable lines, determine interpretation of the bus. Through the bus, the CPU can write to VRAM, read
from VRAM, write to VDP registers, and read the VDP status. The VDP also generates an interrupt signal after every
refresh of the TV display, which may be useful to the CPU. '

The dynamic RAM interface consists of direct wiring of eight 4K X 1, 8K X 1, or 16K X 1 dynamic RAS/CAS-type
RAMs to the TMS 9918 VDP. The amount of RAM required is dependent upon the features selected for use in the
application.

The interface to the TV can consist of wiring the VDP’s composite video output pin (suitably buffered) to the input
of a color or black-and-white monitor, or an appropriate RF modulator may be used to feed the signal into a TV
antenna terminal.

The VDP can operate in any one of four modes, each of which can affect the way the VRAM is mapped onto the
television screen. In Graphics | and Il modes, characters are mapped onto the screen in 8 X 8 pixel blocks, yielding
24 lines of 32 blocks (or “pattern positions”) each. In Text mode, there are 24 lines of 40 blocks, each of which is
6 X 8 pixels. In Multicolor mode, there are 48 lines of 64 blocks, each of which is composed of 4 X 4 pixels, all of
one solid color. In addition to these, objects termed “sprites’’ can be superimposed onto the television image.
Furthermore, signals entering the VDP through the external video input can be used as a background to VDP-
generated images.

DEFINITIONS

The following definitions will be useful in understanding the use of the TMS 9918 VDP:

pixel — the smallest point on the TV screen that can be independently controlled

NTSC _ National Television Standards Committee which specifies the television signal standard for
the USA

VRAM — Video RAM:; refers to the dynamic RAMs that connect to the VDP and whose contents define
the TV image

sprite — An object whose pattern is relative to a specified X, Y coordinate and whose position can there-

fore be controlled by that coordinate with a positional resolution of one pixel

ARCHITECTURE

The TMS 9918A Video Display Processor (VDP) is designed to provide a simple interface between a microprocessor
and a raster-scanned color television. Shown in Figure 2-1 is a block diagram of the major portions of the VDP
architecture. Described below are details of the various interfaces to the VDP, CPU, VRAM, and color television.

CPU INTERFACE

The VDP interfaces to the CPU using an 8-bit bidirectional data bus, three control lines, and an interrupt as shown in
Figure 2-2. Through this interface the CPU can conduct four operations: write data bytes to VRAM, read data bytes
from VRAM, write to one of the eight VDP write-only registers, and read the VDP Status Register. Each of these
operations requires one or more data transfers to take place over the CPU/VDP data bus interface. The interpretation
of the data transfer is determined by the three control lines of the VDP. It should be noted that the CPU can com-
municate with the VDP simultaneously and asynchronously with the VDP’s TV screen refresh operations. The VDP
performs memory management and allows periodic intervals of CPU access to VRAM even in the middle of a raster
scan.
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STATUS
REGISTERS

SCREEN
ADDRESS & CONTROL
REGISTERS

DATA CcPU
Do D7 ADDRESS
8 REGISTER

[—= VRAM

READ DATA
REGISTER

WRITE DATA
REGISTER

T M
tsw ——={ CONTROL
MODE ———

FIGURE 2-2 — VDP TO CPU INTERFACE



2:1:1

2.1.2

CPU Interface Control Signals

The type and direction of data transfers are controlled by the CSW, CSR, and MODE inputs. CSW is the CPU-to-VDP
write select. When it is active (low), the 8 bits on DO-D7 are strobed into the VDP. CSR is the CPU-from-VDP read
select. When it is active (low), the VDP outputs 8 bits on D0-D7 to the CPU. CSW and CSR should never be simul-
taneously low. If both are low, the VDP outputs data on D0O-D7 and latches in invalid data.

MODE determines the source or destination of a read or write data transfer. MODE is normally tied to a CPU low
order address line (A14 for TMS 9900).

CPU Write to VDP Register

The VDP has eight write-only registers and one read-only status register. The write-only registers control the VDP
operation and determine the way in which VRAM is allocated. The status register contains interrupt, sprite coinci-
dence and fifth sprite status flags.

Each of the eight VDP write-only registers can be loaded using two 8-bit data transfers from the CPU. Table 1
describes the required format for the two bytes. The first byte transferred is the data byte, and the second byte
transferred controls the destination. The most-significant bit of the second byte must be a ‘1’. The next four bits are

‘0%, and the lowest three bits make up the destination register number. The MODE input is high for both byte trans-
fers.

To rewrite the data for an internal register after a byte of data has been |oaded, the status register must be read so
that internal logic will accept the next byte as data and not as a register destination. This situation may be encount-
ered in interrupt-driven program environments. Whenever the status of VDP write parameters is in question, this
procedure should be used. Note that the CPU address is destroyed by writing to the VDP register.

CPU Write to VRAM

The CPU transfers data to the VRAM through the VDP using a 14-bit autoincrementing address register. Two-byte
transfers are required to set up the address register. A one-byte-transfer is then required to write the data to the
addressed VRAM byte. The address register is then autoincremented. Sequential VRAM write require only one-byte-
transfer since the address register is already set up. During setup of the address register, the two most-significant bits
of the second address byte must be ‘0’ and ‘1‘ respectively. MODE is high for both address transfers and low for the
data transfer. CSW is used in all transfers to strobe the 8 bits into the VDP. See Table 1.

TABLE 1 — CPU/VDP DATA TRANSFERS

BIT [N e
OPERATION CSW | CSR | MODE
0 1 2 3 4 5 6 7
WRITE TO VDP REGISTER
BYTE 1 DATA WRITE Dg D4 Do D3 D4 Ds Dg D7y ] 1 1
BYTE 2 REGISTER SELECT 1 0 0 0 0 RSy RS7 RSy 0 1 1
WRITE TO VRAM
BYTE 1 ADDRESS SET UP Ag A7 Ag Ag A0 A1l A1z A3 0 1 1
BYTE 2 ADDRESS SET UP 0 1 Ag Aq Az A3 Agq Ag 0 1 1
BYTE 3 DATA WRITE Dg D4 D7 D3 D4 Dg Dg D7y 0 1 0
READ FROM VDP REGISTER
BYTE 1 DATA READ Dg D D2 D3 Dy Dg Dg D7 1 0 1
READ FROM VRAM
BYTE 1 ADDRESS SET UP Ag A7 Ag Ag  Aig A1l A1z Az 0 1 1
BYTE 2 ADDRESS SET UP 0 0 Ag A1 Ap A3 Ag Ag 0 1 1
BYTE 3 DATA READ Dg D Do D3 Dg Dg Dg Dy 1 0 0




2.1.7

2.2

2.2.1

222

CPU Read from VDP Status Register

The CPU can read the contents of the status register with a single-byte transfer. MODE is high for the transfer. CSR
is used to signal the VDP that a read operation is required.

CPU Read from VRAM

The CPU reads data from the VRAM through the VDP using the autoincrementing address register. A one-byte
transfer is then required to read the data from the addressed VRAM byte. The address register is then autoincre-
mented. Sequential VRAM data reads require only a one-byte transfer since the address register is already set up.
During setup of the address register, the two most-significant bits of the second address byte must be ‘O's. By setting
up the address this way, a read cycle to VRAM is initiated and read data will be available for the first data transfer to
the CPU. (see Table 1). MODE is high for the address byte transfers and low for the data transfers. The VDP requires
approximately 8 microseconds to fetch the VRAM byte following a data transfer and 3 microseconds following
address setup.

VDP Interrupt

The VDP INT output pin is used to generate an interrupt at the end of each active-display scan, which is about every
1/60 second (color burst frequency/60, 192). The INT output is active when the interrupt Enable bit (IE) in VPD
register 1 is a ‘1’ and the F bit of the status register is a ‘1", Interrupts are cleared when the status register is read.

VDP Initialization

The VDP is externally initialized whenever the RESET input is active (low) and must be held low for a minimum of
3 microseconds. The external reset synchronizes all clocks with its falling edge, sets the horizontal and vertical
counters to known states, and clears VDP registers 0 and 1. The video display is automatically blanked since the
BLANK bit in VDP register 1 becomes a ‘0’. The VDP, however, continues to refresh the VRAM even though the
display is blanked. While the RESET line is active, the VDP does not refresh VRAM.

VDP/VRAM INTERFACE

The VDP can access up to 16,384 bytes of VRAM using a 14-bit VRAM address. The VDP fetches data from the
VRAM in order to process the video image as described later. The VDP also stores data in or reads in data from the
VRAM during a CPU-VRAM data transfer. The VDP automatically refreshes the VRAM.

VRAM Interface Control Signals

The VDP-VRAM interface consists of two unidirectional 8-bit data buses and three control lines as shown in
Figure 2-3. The VRAM outputs data to the VDP on the VRAM read data bus (RD0O-RD7). The VDP outputs both
the address and data to the VRAM over the VRAM address/data bus (ADO-AD7). The VRAM row address is output
when BAS is active (low). The column address is output when CAS is active (low). Data is output to the VRAM
when R/W is active (low).

VRAM Memory Types

The VDP can utilize 4027-type 4K, 4108-type 8K, or 4116-type 16K dynamic RAMs. The 4/16K bit in VDP
register 1 is a ‘0’ for 4027 type RAMs and a ‘1’ for 4108- and 4116-type RAMs. Note that there is a minor difference
between the way 4027°s and 4108's/4116's are wired to the VDP. In the 4027, all CE pins are tied to ground. In
the 4108/4116 the AB lines on the 4116 and 4108 (the same pin as CE on 4027%) are all tied to AD1 on the
TMS 9918A. A jumper can be used to select the VRAM-type.



RAS RAS
CAS CAS B
=TT H
R/W W i
RD7 Q <
RD6 AD7 D <
o« RD5 / S AO0-ABG
S RD4 g ks
g RD3 ®
o) RD2 @
© & RD1 ®
3 2 RDO 'Y
w
=
F & AD7 RAS
0 CE'S
= ADG6 WAL o~
LID.I AD5 W 3
[{=]
_ AD4 Se < G -
~ AD3 ~ [N—-AD2 D <
AD2 [P ] AOQ-AB
AD1 i
ADO
RAS
AS
W n
NOTE: ADO is the most significant bit of Q [Le]
the AD bus; AD7 is least significant. =
RDO is the most significant bit of ¥ AD1 D <
the RD bus; RD7 is the least signi- \ N AO-AB
ficant. AD7 from the VDP connects i
to AQ of the 4116. i
RAS
eAs
W F*
Q 2
D <
AQ-AB6

FIGURE 2-3 — VRAM INTERFACE
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VDP/TV INTERFACE

The composite video output signal coming from the VDP drives an NTSC color monitor. This signal incorporates all
necessary horizontal and vertical synchronization signals as well as luminance and chrominance information. In
monitor applications, the requirements of the monitor should be studied to determine if the VDP can be connected
directly to it. The internal output buffer device on the composite video pin is a source-follower MOS transistor that

requires an external pull-down reisstor to Vs as shown in Figure 2-4. Typically a 1 kilohm resistor is recommended
to provide a 1.9-volt synchronization level,

In some cases, it may be necessary to provide a simple interface circuit to match the VDP output voltages with the
monitor specifications. To drive a standard television that is not outfitted with a composite video input, the signal
can be run into the television antenna terminals by using an appropriate RF modulator on the VDP output. Care
should be taken to ensure proper matchup between VDP, RF modulator, and TV,

Vee
9918A — VDP

l COMPOSITE VIDEO QUTPUT
.

RExT (TYP. 1kQ2)

FIGURE 2-4 — COMPOSITE VIDEO PULL-DOWN CIRCUIT

WRITE-ONLY REGISTERS

The eight VDP write-only registers are shown in Figure 2-5. They are loaded by the CPU as described in Section 2.1.2.
Registers 0 and 1 contain flags to enable or disable various VDP features and modes Registers 2 through 6 contain
values that specify starting locations of various sub-blocks of VRAM. The definitions of these sub-blocks are
described in Section 2.7. Register 7 is used to define backdrop and text colors.

The following is a description of each register:

Register 0

Register O contains two VDP option control bits. All other bits are reserved for future use and must be ‘0's.
BIT6 M3 (mode bit 3) See Section 2.4.2 for table and description.

BIT?7 External Video enable/disable

‘1* enables external video input
‘0" disables external video input

Register 1
Register 1 contains 8 VDP option control bits.
BITO 4/16K selection

‘0’ selects 4027 RAM operation
‘1* selects 4108/4116 RAM operation
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FIGURE 2-5 — VDP REGISTERS
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BIT 1 BLANK enable/disable

‘0’ causes the active display area to blank
‘1" enables the active display
Blanking causes the display to show border color only

BIT 2 IE (Interrupt Enable)

‘0’ disable VDP interrupt
‘1" enable VDP interrupt

BIT 3,4 M1, M2 (mode bits 1 and 2)
M1, M2 and M3 determine the operating mode of the VDP:

M1 M2 M3
0 0 0 Graphics | mode
0 0 1 Graphics || mode
0 1 0 Multicolor mode
1 0 0 Text mode
BIT 5 Reserved
BIT6 Size {sprite size select)

‘0’ selects Size 0 sprites (8 X 8 bit)
‘1" selects Size 1 sprites (16 X 16 bits)

BIT7 MAG {Magnification option for sprites)
‘0’ selects MAGO sprites (1 X)
"1*selects MAG1 sprites (2X)
Register 2

Register 2 defines the base address of the Name Table sub-block. The range on its contents is from 0 to 15. The con-
tents of the register form the upper 4 bits of the 14-bit Name Table addresses; thus the Name Table base address is
equal to (register 2) * 400 (hex).

Register 3

Register 3 defines the base address of the Color Table sub-block. The range on its contents is from 0 to 255. The con-
tents of the register form the upper 8 bits of the 14-bit Color Table addresses; thus the Color Table base address is
equal to (register 3) * 40 (hex).

Register 4

Register 4 defines the base address of the Pattern, Text or Multicolor Generator sub-block. The range of its contents
is 0 through 7. The contents of the register form the upper 3 bits of the 14-bit Generator addresses; thus the Generator
base address is equal to (register 4) * 800 (hex).

Register 5

Register 5 defines the base address of the Sprite Attribute Table sub-block. The range of its contents is from O
through 127. The contents of the register form the upper 7 bits of the 14-bit Sprite Attribute Table addresses; thus
the base address is equal to (register 5) * 80 {hex).

Register 6

Register 6 defines the base address of the Sprite Pattern Generator sub-block. The range of its contents is 0 through
7. The contents of the register form the upper 3 bits of the 14-bit Sprite Pattern Generator addresses; thus the
Sprite Pattern Generator base address is equal to (register 6) * 800 (hex).

"
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Register 7

The upper 4 bits of register 7 contain the color code of color 1 in the Text mode. The lower 4 bits contain the color
code for color 0 in the Text mode and the backdrop color in all modes. See Table 3 for color codes.

STATUS REGISTER

The VDP has a single 8-bit status register that can be accessed by the CPU. The status register contains the interrupt
pending flag, the sprite coincidence flag, the fifth sprite flag, and the fifth sprite number, if one exists. The format of
the status register is shown in Figure 2-5. A discussion of the contents follows.

The status register may be read at any time to test the F, C, and 5S status bits. Reading the status register will clear
the interrupt flag, F. Asynchronous reads will, however, cause the frame flag (F) bit to be reset and therefore missed.
Consequently, the status register should be read only when the VDP interrupt is pending.

Interrupt Flag (F)

The F status flag in the status register is set to ‘1’ at the end of the raster scan of the last line of the active display. It
is reset to a ‘0’ after the status register is read or when the VDP is externally reset. If the Interrupt Enable bit in VDP
register 1 is active ('1’), the VDP interrupt output (INT) will be active (low) whenever the F status flag is a ‘1°.

Coincidence Flag (C)

The C status flag in the status register is set to a ‘1" if two or more sprites "‘coincide”. Coincidence occurs if any two -
sprites on the screen have one or more overlapping pixels. Transparent colored sprites, as well as those that are par-
tially or completely off the screen, are also considered. Sprites beyond the Sprite Attribute Table terminator (D01g)
are not considered. The 'C’ flag is cleared to a ‘0’ after the status register is read or the VDP is externally reset.

Fifth Sprite Flag (56S) and Number

The 5S status flag in the status register is set to a ‘1° whenever there are five or more sprites on a horizontal line
{lines 0 to 192) and the frame flag is equal to a ‘0". The 5S status flag is cleared to a ‘0" after the status register is
read or the VDP is externally reset. The number of the fifth sprite is placed into the lower 5 bits of the status
register when the 5S flag is set and is valid whenever the 5S flag is ‘1. The setting of the fifth sprite flag will not
cause an interrupt.

OSCILLATOR AND CLOCK GENERATION

The VDP is designed to operate with a 10.738635 megahertz £50 ppm crystal input to generate the required internal
clock signals. A fundamental frequency, parallel-mode crystal is used as the frequency reference for the internal
clock oscillator, which is the master time base for all system operations. This master clock is divided by two to
generate the pixel clock (5.3 megahertz) and by three to provide the CPUCLK (3.58 megahertz). The GROMCLK is
developed from the master clock frequency divided by 24.

Color Phase Generation

The 10.7+ megahertz master clock and its complement are used to generate an internal six-phase 3.579545 mega-
hertz (+10 hertz) clock to provide the video color signals and the color burst reference for use in developing the
composite video output signal. While the VDP signals are not exact equivalents to the standard NTSC colors, the
differences can easily be adjusted with the color and tint controls of the target color television.

Video Sync and Control Generation

The vertical and horizontal control signals are generated by decoding the outputs of the horizontal and vertical
counters. The horizontal counter is driven by the pixel clock, and the horizontal counter in turn increments the
vertical counter. Table 2 gives the relative count values of the screen display parameters. Within the active display
area during Graphics | mode, the 3 least-significant bits of the horizontal counter address the individual picture
element of each pattern displayed. Also, during the vertical active display period, the 3 least-significant bits of the
vertical counter address each individual line in the 8 X 8 patterns. The Graphics |1, Multicolor and Text modes use
the counters similarly.
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The VDP operates at 262 lines per frame and approximately 60 frames per second in a non-interlaced mode of
operation.
TABLE 2 — SCREEN DISPLAY PARAMETERS

PARAMETER PIXEL CLOCK CYCLES
P ERN OR
HORIZONTAL ATE TEXT
MULTICOLOR
HORIZONTAL ACTIVE DISPLAY 256 240
RIGHT BORDER 15 25
RIGHT BLANKING 8 8
HORIZONTAL SYNC 26 26
LEFT BLANKING 2 2
COLOR BURST 14 14
LEFT BLANKING 8 8
LEFT BORDER 13 19
342 342
VERTICAL LINE
VERTICAL ACTIVE DISPLAY 192
BOTTOM BORDER 24
BOTTOM BLANKING 3
VERTICAL SYNC 3
TOP BLANKING 13
TOP BORDER 27
262

VIDEO DISPLAY MODES

The VDP displays an image on the screen that can best be envisioned as a set of display planes sandwiched together.
Figure 2-6a shows the definition of each of the planes. Objects on planes closest to the viewer have higher priority.
In cases where two entities on two different planes are occupying the same spot on the screen, the entity on the
higher priority plane will show at that point. For an entity on a specific plane to show through, all planes in front of
that plane must be transparent at that point. The first 32 planes (Figure 2-6b) each may contain a single sprite.
(Sprites are pattern objects whose positions on the screen are defined by horizontal and vertical coordinates in
VRAM.) The areas of the Sprite Planes, outside of the sprite itself, are transparent. Since the coordinates of the sprite
are in terms of pixels, the sprite can be positioned and moved about very accurately. Sprites are available in three
sizes: 8 X 8 pixels, 16 X 16 pixels, and 32 X 32 pixels. Behind the Sprite Plane is the Pattern Plane. The Pattern
Plane is used for textual and graphics images generated by the Text, Graphics I, Graphics |1, or Multicolor modes.
Behind the Pattern Plane is the backdrop, which is larger in area than the other planes so that it forms a border
around the other planes. The last and lowest priority plane is the External Video Plane. Its image is defined by the
external video input pin. The backdrop consists of a single color used for the display borders and as the default color
for the active display area. The default color is stored in the VDP register 7. When the backdrop color register con-
tains the transparent code, the backdrop automatically defaults to black if the external video mode is not selected.

The 32 Sprite Planes are used for the 32 sprites in the Multicolor and Graphics modes. They are not used in the Text
mode and are automatically transparent. Each of the sprites can cover an 8 X 8, 16 X 16, or 32 X 32 pixel area on
its plane. Any part of the plane not covered by the sprite is transparent. All or part of each sprite may also be trans-
parent. Sprite 0 is on the outside or highest plane, and sprite 31 is on the plane immediately adjacent to Pattern
Plane. Whenever a pixel in a Sprite Plane is transparent, the color of the next plane can be seen through that plane.
If, however, the sprite pixel is non-transparent, the colors of the lower planes are automatically replaced by the sprite
color. There is also a restriction on the number of sprites on a line. Only four sprites can be active on any horizontal
line. Additional sprites on a line will be automatically made transparent for that line. Only those sprites that are
active on the display will cause the coincidence flag to set. The VDP status register provides a flag bit and the
number of the fifth sprite whenever this occurs. The Pattern Plane is used in the Text, Multicolor, and Graphics
modes for display of the graphic patterns of characters. Whenever a pixel on the Pattern Plane is non-transparent, the
backdrop color is automatlcallv replaced by the Pattern Plane color. When a pixel in the Pattern Plane is transparent,
the backdrop color can be seen through the Pattern Plane.

13
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FIGURE 2-6a — VDP DISPLAY PLANES

The VDP has four video color display modes that appear on the Pattern Plane: Graphics | mode, Graphics |1 mode,
Text mode, and Multicolor mode. Graphics | and Graphics || modes cause the Pattern Plane to be broken up into
groups of 8 X 8 pixels, called pattern positions. Since the full image is 256 X 192 pixels, there are 32 X 24 pattern
positions on the screen in the graphics modes. In Graphics | mode, 256 possible patterns may be defined for the 768
pattern positions with two unigue colors allowed for each pattern definition. Graphics |1 mode provides, through a
unique mapping scheme, 768 pattern definitions for the 768 pattern positions. Graphics |l mode also allows the
selection of two unique colors for each line of a pattern definition. Thus, all 15 colors plus transparent may be used
in a single pattern position. In Text mode, the Pattern Plane is broken into groups of 6 X 8 pixels, called text posi-
tions. There are 40 X 24 text positions on the screen in this mode. In Text mode, sprites do not appear on the screen
and two colors are defined for the entire screen. In Multicolor mode, the screen is broken into a grid of 64 X 48
positions, each of which is a 4 X 4 pixel. Within each position, one unique color is allowed.

The VDP registers define the base addresses for several sub-blocks within VRAM. These sub-blocks form tables which
are used to produce the desired image on the TV screen. The Pattern Name Table, the Pattern Generator Table and
the Sprite Generator Table are used to form the sprites. The contents of these tables must all be provided by the
microprocessor. Animation is achieved by altering the contents of VRAM in real time.

The VDP can display the 15 colors shown in Table 3. The VDP colors also provide eight different gray levels for dis-
plays on monochrome televisions; the luminance values in the table indicate these levels, 0.00 being black and 1.00
being white. Whenever all planes are of the transparent color at a given point, the color shown at that point will be
black.
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TABLE 3. COLOR ASSIGNMENTS

LUMINANCE CHROMINANCE
e GOLOR (DC VALUE) (AC VALUE)
0 TRANSPARENT 0.00 ==
1 BLACK 0.00 e
2 MEDIUM GREEN .60 .60
3 LIGHT GREEN .80 .53
4 DARK BLUE 47 73
5 LIGHT BLUE .67 .60
6 DARK RED .53 .53
7 CYAN .80 73
8 MEDIUM RED .67 73
9 LIGHT RED .80 73
A DARK YELLOW .87 .53
B LIGHT YELLOW 1.00 .40
c DARK GREEN 47 .60
D MAGENTA .60 .47
E GRAY =
F WHITE 1.00 =5
— BLACK LEVEL 0.00 =
— COLOR BURST 0.00 .40
= SYNC LEVEL -0.40 =

Graphics | Mode

The VDP is in Graphics | mode when M1, M2, and M3 bits in VDP registers 1 and 0 are zero. In Graphics | mode the
Pattern Plane is divided into a grid of 32 columns by 24 rows of pattern positions (see Figure 2-7). Each of the
pattern positions contains 8 X 8 pixels. The tables in VRAM used to generate the Pattern Plane are the Pattern
Color Table. Figure 2-8 illustrates the mapping of these tables into the Pattern Plane. A total of 2848 VRAM bytes
are required for the Pattern Name, Color and Generator tables. Less memory is required if all 256 possible pattern
definitions are not required. The tables can be overlapped to reduce the amount of VRAM needed for pattern

generation. Examples of VRAM memory allocation are provided in Section 3,
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ROW 23

0 1 - 30 31
®
32 33 62 63
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704 705 734 735
[ ] [ )
736 737 S 766 767

FIGURE 2-7 — PATTERN GRAPHICS NAME TABLE MAPPING
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The Pattern Generator Table contains a library of patterns that can be displayed in the pattern positions. It is 2048
bytes long, and is arranged into 256 patterns, each of which is eight bytes long, yielding 8 X 8 bits. All of the "1's in
the eight-byte pattern can designate one color {color 1), while all the ‘O’s can designate another color (color 0).

The full 8-bit pattern name is used to select one of the 256 pattern definitions in the Pattern Generator Table. The
table is a 2048-byte block in VRAM beginning on a 2 kilobyte boundary. The starting address of the table is deter-
mined by the generator base address in VDP register 4. The base address forms the three most-significant bits of the
14-bit VRAM address for each Pattern Generator Tableentry. The next 8 bits indicate the 8-bit name of the selected
pattern definition. The lowest 3 bits of the VRAM address indicate the row number within the pattern definition.

Eight bytes are required for each of the 2566 possible unique 8 X 8 pattern definitions. The first byte defines the first
row of the pattern, and the second byte defines the second row. The first bit of each of the eight bytes define the
first column of the pattern. The remaining rows and columns are similarily defined. Each bit entry in the pattern
definition selects one of the two colors for that pattern. A ‘1’ bit selects the color code (color 1) contained in the
most-sigeficant four bits of the corresponding color table byte. A ‘0’ bit selects the other color code (color 0). An
example of pattern definition mapping is provided in Figure 2-9.

17
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Color code 7 is cyan (signified above by ‘C’),
Color code 1 is black (signified above by a space).
Bit 0 is the most significant bit of each data byte,

FIGURE 2-9 — PATTERN DISPLAY MAPPING

The color of the ‘1's and ‘0's is defined by the Pattern Color Table that contains 32 entries each of which is one byte
long. Each entry defines two colors: the most-significant 4 bits of each entry define the color of the ‘1’s, and the
least-signigicant 4 bits define the color of the ‘0‘s. The first entry in the color table defines the colors for patterns
0 to 7; the next entry for patterns 8 to 15, and so on. (See Table 4 for assignments.} Thus, 32 different pairs of
colors may be displayed simultaneously.

The Pattern Name Table is located in a contiguous 768-byte block in VRAM beginning on a 1 kilobyte boundary.
The starting address of the Name Table is determined by the 4-bit Name Tablebase address field in VDP register 2.
The base address forms the upper four bits of the 14-bit VRAM address. The lower 10 bits of the VRAM address
are formed from the row and column counters. An example of pattern name table addressing is given in Section 3.

Each byte entry in the Name Table is the name of or the pointer to a pattern definition in the Pattern Generator
Table. The upper five bits of the eight-bit name identify the color group of the pattern. There are 32 groups of
eight patterns. The same two colors are used for all eight patterns in a group; the color codes are stored in the VDP
Color Table. The Color Table is located in a 32-byte block in VRAM beginning on a 64-byte boundary. The table
starting address is determined by the 8-bit Color Table base address in VDP register 3. The base address furms the
upper eight bits of the 14-bit Color Table entry VRAM address. The next bit is a ‘0’ and the lowest 5 bits are equal
to the upper 5 bits of the corresponding Name Table entries. An example of Color Table addressing is provided in
Section 3.

Since the tables in VRAM have their base addresses defined by the VDP registers, a complete switch of the values in
the tables can be made by simply changing the values in the VDP registers. This is especially useful when one wishes
to time-slice between two or more screens of graphics.

When the Pattern Generator Table is loaded with a pattern set. manipulation of the Pattern Name Table contents
can change the appearance of the screen. Alternatively, a dynamically changing set of patterns throughout the course
of a graphics session is easily accomplished since all tables are in VRAM.



For textual applications, the desired character set is typically loaded into the Pattern Generator first. The official{

USASCII character set might be loaded into the Pattern Generator in such a way that the pattern numbers correspond’
to the 8-bit ASCII codes for that pattern; e.g., the pattern for the letter A’ would be loaded into pattern number
4146 in the Pattern Generator. Next the Pattern Color Table would be loaded up with the proper color set. To prmt
a textual message on the screen, write the proper ASCIi codes out to the Pattern Name Table.

Images can be formed using the Pattern Plane. To display an object of size 8 X 8 pixels or smaller, only one pattern
would need to be defined. To display a larger figure, the figure should be broken up into smaller 8 X 8 squares. Then
multiple patterns can be defined, and the Pattern Generator and Pattern Name Table set up appropriately. Note
that rough motion of objects requires merely updating entries in the Pattern Name Table.

TABLE 4. PATTERN COLOR TABLE

Byte No. Pattern No.

0.7
8..15

SVWXNONHWN=O

NN b o ek ok ok b 3 3
= 0 WU HWN =
A L R e T
BBRRRESRS
FABLBBIz=e

22 176..183
23 184..191
24 192..199
25 280..207
26 208..215
27 216..223
28 224.231
29 232.239
30 240..247
31 248-255

A total of 2848 VRAM bytes are required for the Pattern, Name, Coloriand Generator tables.less memory is needed
if all 256 possible pattern definitions are not required; the tables can be overlapped to reduce the amount of VRAM
needed for pattern generation. Examples of VRAM memory allocation are provided in Section 3.
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Graphics 11 Mode

The VDP is in the Graphics || mode when mode bits M1 =0, M2 = 0, and M3 = 1. The Graphics 11 mode is similar to
Graphics | mode except it allows a larger library of patterns so that a unique pattern generator entry may be made
for each of the 768 (32 X 24) pattern positions on the video screen. Additionally, more color information is included
in each 8 X 8 graphics pattern. Thus two unique colors may be specified for each byte of the 8 X 8 pattern. A
larger amount of VRAM (12 kilobytes) is required to implement the full usage of the Graphics |1 mode.

Like Graphics | mode, the Graphics || mode Pattern Name Table contains 768 entries which correspond to the 768
pattern positions on the display screen. Because the Graphics | mode pattern names are nnly 8 bits in length, a
maximum of 256 pattern definitions may be addressed using the addressing scheme discussed in the previous section.
Graphics Il mode, however, segments the display screen into three equal parts of 256 pattern positions each and also
segments the Pattern Generator Table into three equal blocks of 2048 bytes each. Pattern definitions in the first
third correspond to pattern positions in the upper third of the display screen. Likewise pattern definitions in the
second and third blocks of the Pattern Generator Table correspond to the second and third areas of the Pattern
Plane. The pattern Name Table is also segmented into three blocks of 256 names each so that names found in the
upper third, reference pattern definitions found in the upper 2048 bytes in Pattern Generator Table. Likewise the
second and third blocks reference pattern definitions in the second 2048 byte block and third 2048 byte block
respectively. Thus, if 768 patterns are uniquely specified, an 8-bit pattern name will be used three times, once in
each segment of the Pattern Name Table. The Pattern Generator Table falls on eight kilobyte boundaries and may be
located in the upper or lower half of 16K memory based on the MSB of the pattern generator base in VDP register 4.
The LSB’s must be set to all “1's.

The ColorTable is also 6144 bytes long and is segmented into three equal blocks of 2048 bytes. Each entry in the
Pattern Color Table is eight bytes which provides the capability to uniquely specify color 1 and color 0 for each of
the eight bytes of the corresponding pattern definition. The addressing scheme is exactly like that of the Pattern
Generator Table except for the location of the table in VRAM. This is controlled by the loading of the MSB of the
color base in VDP register 3. The LSB’s must be set to all ‘1%.

Figure 2-10 is an example of the Graphics || mode mapping scheme. Note that pattern names P1, P2, P3 correspond
to pattern generator entries in the three blocks of the Pattern (Generator Table. Note also how these three names
map to the display screen. Figure 2-11 an example of a Pattern Generator and Pattern Color Table entry.
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FIGURE 2-11 — PATTERN DISPLAY MAPPING

2.7.3  Multicolor Mode

The VDP is in Multicolor mode when mode bits M1 = 0, M2 = 1, and M3 = 0. Multicolor mode provides an un-
restricted 64 X 48 color square display. Each color square contains a 4 X 4 block of pixels. The color of each of the
color squares can be any one of the 15 video display colors plus transparent. Consequently, all 15 colors can be used
simultaneously in the Multicolor mode. The Backdrop and Sprite Planes are still active in the Multicolor mode.

The Multicolor Name Table is the same as that for the graphics modes, consisting of 768 name entries. The name no
longer points to a color list; rather color is now derived from the Pattern Generator Table. The name points to an
eight-byte segment of VRAM in the Pattern Generator Table.

Only two bytes of the eight-byte segment are used to specify the screen image. These two bytes specify four colors,
each color occupying a 4 X 4 pixel area. The four MSB’s of the first byte define the color of the upper left quarter
of the multicolor pattern; the LSB’s define the color of the upper right quarter., The second byte similarly defines
the lower left and right quarters of the multicolor pattern. The two bytes thus map into a 8 X 8 pixel multicolor

pattern. (See Figure 2-12).
je——— 8 PIXELS —]

e

COLOR A | COLORB 8

s PIXELS

COLORC jCOLORD

2 BYTES FROM
PATTERN GENERATOR TABLE

MULTICOLOR PATTERN

FIGURE 2-12 — MULTICOLOR LIST MAPPING
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The location of the two bytes within the eight-byte segment pointed to by the name is dependent upon the screen
position where the name is mapped. For names in the top row (names 0-31), the two bytes are the first two within
the groups of eight-byte segments pointed to by the names. The next row of names (32-63) uses the third and fourth
bytes within the eight-byte segments. The next row of names uses the fifth and sixth bytes while the last row of
. names uses the seventh and eighth. This series repeats for the remainder of the screen.

For example, referring to Figure 2-13, if Name Tableentry O (pattern position 0) multicolor block #N (name = N},
the multicolor pattern displayed will be an 8 X 8 pixel block consisting of colors A, B, C, D comprising the first
two bytes of the Multicolor Table. If, however, name #N is located inName Table entry 33, (Pattern position 33},
the colors displayed will be colors E, F, G, H as specified by the third and fourth bytes of the multicolor block
pointed to by the name. Likewise pattern positions which lie in rows 2 and 3 would cause colors |, J, K, L and colors
M, N, O, P respectively to be displayed. Thus it can be seen that the color displayed from the multicolor generator
block is dependent upon pattern position on the screen. Figure 2-14 illustrates the multicolor mode mapping scheme.
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The mapping of VRAM contents to screen image is simplified by using duplicate names in the Name Table,Since the
series of bytes used within the eight-byte segment repeats every four rows, the four rows in the same column can use
the same name. Then the eight-byte segment specifies a 2 X 8 color square pattern on the screen as a straightforward
translation from the eight-byte segment in VRAM pointed to by the common name.

When used in this manner, 768 bytes are still used for the NameTable and 1536 bytes are used for the color informa-
tion in the Pattern Generator Table {24 rows X 32 columns X 8 bytes/pattern position). Thus a total of 1728 bytes
in VRAM are required. It should be noted that the tables begin on even 1K and 2K boundaries and are therefore
not contiguous. An example of multicolor VRAM memory allocation is provided in Section 3.

Text Mode

The VDP is in Text mode when mode bits M1 =1, M2 =0, and M3 = 0. In the Text mode, the screen is divided into
a grid of 40 text positions across and 24 down. (See Figure 2-1 5). Each of the text positions contains six pixels
across and eight pixels down. The tables used to generate the Pattern Plane are the Pattern Name Table and the
Pattern Generator Table. There can be up to 256 unigque patterns defined at any time. The pattern definitions are
stored in the Pattern Generator Table in VRAM and can be dynamically changed. The VRAM contains a Pattern
Name Table which maps the pattern definitions into each of the 960 pattern cells on the Pattern Plane (Figure 2-16).
Sprites are not available in Text mode.
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As in the case of the Graphics modes, the Pattern Generator Table contains a library of text patterns that can be
displayed in the text positions. It is 2048 bytes long, and is arranged in 256 text patterns, each of which is eight
bytes long. Since each text position on the screen is only six pixels across, the least-significant 2 bits of each text
pattern are ignored, yielding 6 X 8 bits in each text pattern. Each block of eight bytes defines a text pattern in
which all the '1’s in the text pattern take on one color when displayed on the screen, while all the ‘0's take on
another color, These colors are chosen by loading VDP register 7 with the color 1 and color 0 in the left and right
nibbles respectively (see Section 2.4).
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FIGURE 2-16 — MAPPING OF VRAM INTO THE PATTERN PLANE IN TEXT MODE
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In the Text mode, the Pattern Name Table determines the position of the text pattern on the screen. There are 960
entries in the Pattern Name Table, each one byte long. There is a one-to-one correspondence between text pattern
positions on the screen and entries in the Pattern Name Table (40%24 = 960). The first 40 entries corresponds to the
top row of text pattern positions on the screen, the next forty to the second row, and so on. The value of an entry
in the Pattern Name Table indicates which of the 256 text patterns is to be placed at that spot on the Pattern plane.
The Pattern Name Table is located in a contiguous 960-byte block in VRAM beginning on a 1 kilobyte boundary.
The starting address of the name table is determined by the 4-bit Name Table base address field in VDP register 2.
The base address forms the upper 4 bits of the 14-bit VRAM address. The lower 10 bits of the VRAM address point
to one of 960 pattern cells. The name table is organized by rows. An example of Pattern Name Table addressing is
given in Section 3. Each byte entry in the name table is the pointer to a pattern definition in the Pattern Generator
Table. The same twa colors are used for all 256 patterns; the color codes are stored in VDP register 7.

As its name implies, the Text mode is intended mainly for textual applications, especially those in which the 32
patterns-per-line in Graphics modes is insufficient. The advantage is that eight more patterns can be fitted onto one
line: the disadvantages are that sprites cannot be used, and only two colors are available for the entire screen. With
care, the same text pattern set that is used in Text mode can be also used in Graphics | mode. This is done by en-
suring that the least-significant 2 bits of all the character patterns are ‘0". A switch from Text mode to Pattern mode,
then, results in a stretching of the space between characters, and a reduction of the number of characters per line
from 40 to 32. As with the Graphics Modes, once a character set has been defined and placed into the Pattern
Generator, updating the Pattern Name Table will produce and manipulate textual material on the screen.

The full 8-bit pattern name is used to select one of the 256 pattern definitions in the pattern generator tabl_e. The
table is a 2048-byte block in VRAM beginning on a 2 kilobyte boundary. The starting address of the table is deter-
mined by the generator base address in VDP register 4. The base address forms the 3 most-significant bits of the
14-bit VRAM address for each Pattern Generator Table entry. The next 8 bits are equal to the 8-bit name of the

selected pattern definition. The lowest 3 bits of the VRAM address are equal to the row number within the pattern
definition.

Eight bytes are required for each of the 256 possible unique 6 X 8 pattern definitions. The first byte defines the first
row of the pattern, and the second byte defines the second row. The two least-significant bits in each byte are not
used. It is, however, strongly recommended that these bits be ‘O’s. Each bit entry in the pattern definition selects
one of the two colors for that pattern. A ‘1’ bit selects the color code (color 1) contained in the most-significant
4 bits of VDP register 7. A ‘0’ bit selects the other color code (color 0) which is in the least-significant 4 bits of the
same VDP Register. An example of pattern definition mapping is provided in Figure 2-16.

A total of 3005 VRAM bytes are required for the Pattern Name and Generator Tables. Less memory is required if
all 256 possible pattern definitions are not required; the tables can be overlapped to reduce the amount of VRAM
needed for pattern generation. Examples of VRAM memory allocation are provided in Appendix B.

Sprites

The video display can have up to 32 sprites on the highest priority video planes. The sprites are special animation
patterns which provide smooth motion and multilevel pattern overlaying. The location of a sprite is defined by the
top left-hand corner of the sprite pattern. The sprite can be easily moved pixel-by-pixel by redefining the sprite
origin. This provides a simple but powerful method of quickly and smoothly moving special patterns. The sprites are
not active in the Text mode. The 32 Sprite Planes are fully transparent outside of the sprite itself.
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FIGURE 2-17 — SPRITE ATTRIBUTE TABLE ENTRY

The sub-blocks in VRAM that define sprites are the Sprite Attribute Table (see example of entry in Figure 2-17) and
the Sprite Generator Table. These tables are similar to their equivalents in the pattern realm in that the Sprite
Attribute Table specifies where the sprite goes on the screen, while the Sprite Generator Table describes what the
sprite looks like. Sprite Pattern formats are given in Table 5.

Figure 2-18 illustrates the manner in which the VRAM tables map into the existence of sprites on the display. Since
there are 32 sprites available for display, there are 32 entries in the Sprite Attribute Table. Each entry consists of
four bytes. The entries are ordered so that the first entry corresponds to the sprite on the sprite 0 plane, the next to
the sprite on the sprite 1 plane, and so on. The Sprite Attribute Table is 4*32 = 128 bytes long. The Sprite Attribute
Table is located in a contiguous 128-byte block in VRAM beginning on a 128-byte boundary. The starting address
of the Attribute Table is determined by the 7-bit Sprite Attribute Table base address in VDP register 5. The base
address forms the upper seven bits of the 14-bit VRAM address. The next 5 bits of the VRAM address are equal to
the sprite number. The lowest 2 bits select one of the four bytes in the Attribute Table entry for each sprite. Each

Sprite Attribute Table entry contains four bytes which specify the sprite position, sprite pattern name, and color as
shown in Figure 2-17.
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TABLE 5. SPRITE PATTERN FORMATS
SIZE MAG AREA RESOLUTION BYTES/PATTERN
0 0 8 x8 single pixel 8
1 0 16 x 16 single pixel 32
0 1 16 < 16 2 x 2 pixels 8
1 1 32 x 32 2 x 2 pixels 32

The first two bytes of each entry of the Sprite Attribute Table determine the position of the sprite on the display.
The first byte indicates the vertical distance of the sprite from the top of the screen, in pixels. It is defined such that
a value of —1 puts the sprite butted up at the top of the screen, touching the backdrop area. The second bytes
describes the horizontal displacement of the sprite from the left edge of the display. A value of 0 butts the sprite up
against the left edge of the backdrop. Note that it is from the upper left pixel of the sprite that all measurement are
taken.

When the first two bytes of an entry position a sprite overlapping the backdrop, the part of the sprite that is within
the backdrop is displayed normally. The part of the sprite that overlaps the backdrop is hidden from view by the
backdrop. This allows the animator to move a sprite into the display from behind the backdrop. The displacement in
the first byte is partially signed, in that values for vertical displacement between —31 and 0 (E116 to 0} allow a sprite
to “bleed in* from the top edge of the backdrop. Likewise, values in the range of 207 to 191 allow the sprite to bleed
in from the bottom edge of the backdrop. Similarly, horizontal displacement values in the vicinity of 255 allow a
sprite to bleed-in from the right side of the screen. To allow sprites to bleed-in from the left edge of the backdrop, a
special bit in the third byte of the Sprite Attribute Table entry is used, as described in a later paragraph.

Byte 3 of the Sprite Attribute Table entry contains the pointer to the Sprite Generator Table that specifies what the
sprite should look like. This is an 8-bit pointer to the sprite patterns definition, the Sprite Generator Table. The
sprite name is similar to that in the Patterns Graphics mode.

Byte 4 of the Sprite Attribute Table entry contains the color of the sbrite in its lower 4 bits (see Table 2 for color
codes). The most-significant bit is the Early Clock bit (EC). This bit, when set to a ‘0’, does nothing. When set to
‘1, the horizontal poisition of the sprite is shifted to the left by 32 pixels. This allows a sprite to bleed-in from the
left edge of the backdrop. Values for horizontal displacement (byte 2 in the entry) in the range 0 to 32 cause the
sprite to overlap with the left-hand border of the backdrop.
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The Sprite Generator Table is a maximum of 2048 bytes long beginning on the 2 kilobyte boundaries. It is arranged
into 256 blocks of 8 bytes each. The third byte of the Sprite Attribute Table entry, then, specifies which eight byte
block to use to specify a sprite’s shape. The “1's in the Sprite Generator cause the sprite to be defined at that point;
‘0’s cause the transparent color to be used. The starting address of the table is determined by the sprite generator
base address in VDP register 6. The base address forms the 3 most-significant bits of the 14-bit VRAM address. The
next 8 bits of the address are equal to sprite name, and the last 3 bits are equal to the row number within the sprite
pattern. The address formation is slightly modified for SIZE1 sprites.

There is a maximum limit of four sprites that can be displayed on cone horizontal line. If this rule is violated, the four
highest-priority sprites on the line are displayed normally. The fifth and subsequent sprites are not displayed on that
line. Furthermore, the fifth-sprite bit in the VDP status register is set to a ‘1’, and the number of the violating fifth
sprite is loaded into the status register (see Section 2.5).

Larger sprites than 8 X 8 pixels can be used if desired. The MAG and SIZE bits in VDP register 1 are used to select
the various options. The options are described here:

MAG =0, SIZE=0: No options chosen;

MAG =1, SIZE=0: Eight bytes are still used in the Sprite Generator Table to describe the sprite; however,
each bit in the Sprite Generator maps into 2 X 2 pixels on the TV screen, effectively
doubling the size of the sprite to 16 X 16.

MAG =0, SIZE=1: 31 bytes are used in the Sprite Generator Table to define the sprite shape; the result
isa 16 X 16 pixel sprite. The mapping of the 32 bytes into the sprite image is as shown
in Figure 2-19. Mapping is still one bit-to-one pixel.

MAG =1, SIZE = 1: Same as MAG = 0, SIZE = 1 except each bit now maps into a 2 X 2 pixel area, yielding
a 32 X 32 sprite.

The VDP provides sprite coincidence checking. The coincidence status flag in the VDP status register issettoa ‘1’
whenever two active sprites have ‘1’ bits at the same screen location.

Sprite processing is terminated if the VDP finds a value of 208 (D01g) in the vertical position field of any entry in
the Sprite Attribute Table. This permits the Sprite Attribute Table to be shortened to the minimum size required; it
also permits the user to blank out part or all of the sprites by simply changing one byte in VRAM.

A total of 2176 VRAM bytes are required for the Sprite Name and Pattern Generator Tables. Significantly less
memory is required if all 256 possible sprite pattern definitions are not required. The Sprite Attribute Table can also
be shortened as described above. The tables can be overlapped to reduce the amount of VRAM required for sprite
generation. Examples of VRAM memory allocation are provided in Section 3
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EXTERNAL VIDEO

The external video interface allows mixing an external video source and VDP generated video under software control.
As shown in Figure 2-20, composite video signals that are input to the 9918A through the external video input pin
appear ‘on the television screen in the plane behind the backdrop when the transparent color is programmed. Thus
VDP-generated images on the Pattern Plane and the Sprite Planescan be superimposed upon an incoming signal. The
source of the signal may be a standard NTSC broadcast signal, the output from an NTSC-compatible video-tape
recorder, another VDP chip output, or any other NTSC-compatible composite video signal.
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Hardware Design for External Video

The interface for external video operation consists of an external composite video signal on the EXTVID pin, a com-
posite sync signal derived from the external composite video signal on the RESET/SYNC pin, and a method of
synchronizing the external color subcarrier with the VDP’s colors. The interface is designed so that the external video
source provides the sync, blanking, and color burst to the television or monitor. The VDP controls the visible portion
of the frame by gating in the external video signal when the transparent color is programmed on all planes. This
preserves the colors of the external video picture by causing any inaccuracy in the external color lock circuit to
modify the VDP colors but not, for example, the flesh tones of an external image.

The external video signal must be biased correctly and be of the proper amplitude so that the luminance levels of
the external and VDP colors are matched and the external video does not bleed through into the composite video
output of the VDP. The internal circuit assures that a perfect match results if the external video is of the same
amplitude as the VDP's composite video and its dc level is increased by a MOS threshold voltage (typically 0.7 volts).

This adjustment may be varied to change the relative luminance levels of the two video signals and thus modify the
picture appearance.

The composite sync signal must also be of the proper levels. The RESET/SYNC pin is a tri-level input, utilizing 0, 5,
and 12 volts. The 0-volt level activates reset of the VDP as described in section 2.1.7. The 5-volt level is the inactive
state. The 12-volt level is the sync level. The input composite sync should thus swing from b volts to 12 volts. The
timing of the composite sync controls the VDP in the following manner. A positive going edge to the RESET/SYNC
pin is recognized as a horizontal sync pulse and resets the internal horizontal counter into the horizontal sync state.
A sync pulse, which lasts for greater than 7.2 microseconds, is recognized as a vertical sync pulse and resets the
internal vertical counter to the vertical sync state. Thus the VDP will be interlaced or not interlaced depending upon
the composite sync signal.

To lock the colors of the external video with the VDP colors, a phase-lock loop maintains the VDP’s input clock
frequency at three times the external video subcarrier frequency. CPUCLK of the VDP is used as the feedback to
maintain the color lock. See Figure 2-20 for a block diagram of the external video interface.

The input sync and phase-locked loop are not required when the external video source is another VDP, By running
the VDP’s from the same crystal or clock input and resetting the VDP's together with a fast edge (rise/fall time less
than 30 ns), the VDP's will be locked on an open loop basis. See Figure 2-21 for the VDP to VDP interface.

There is a limitation in the resoltuion of the VDP-generated images when the external video signal is not from another
VDP. The VDP can resolve only £1 pixel {186 nanoseconds) and, for a true NTSC-timed composite video signal, will
cause a small sawtooth edge to surround vertical edges of the VDP-generated image. This results because the relation-
ship of NTSC color subcarrier (2/3 of the VDP pixel rate) to the NTSC horizontal scan rate results in 341% pixels/
line. Since the VDP can‘t resolve a % pixel, a sawtooth edge is created by the timing. This sawtooth edge may be
eliminated with loss of color by reducing the VDP input frequency to an integer multiple of the external horizontal
sync. The phased-locked loop should lock the sync to the VDP input frequency. Thus the color lock is replaced with
a sync lock. Color is no longer available since it is not within the subcarrier frequency.
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28.2 Software Requirements for External Video

For the External Video input plane to be visible, the External Video Enable bit in VDP Register 0 (EXVID) should
be set to a ‘1’. The backdrop color {(VDP Register 7, lower 4 bits) should be set to transparent (0). For the External
Video plane to show through at a given spot on the screen, the Pattern color at that spot should be transparent, and
all sprites should not be in the way (alternatively, a sprite that was in the way could be made transparent in color).
Note that the External Video feature can be used in Graphics |, Graphics |1, Text or Multicolor mode.

2.9 VRAM ADDRESS DERIVATION

Table summarizes the VRAM address derivation for all modes of operation for the TMS 9918A. Sectior 3 contains
examples of how typical VRAM addresses are computed by the VDP.

TABLE 6 — PATTERN GRAPHICS ADDRESS LOCATION TABLE

GRAPHICS | MODE ADDRESS LOCATION TABLE

ADDRESS TYPE o|1l2]3|4|5|6|7|s|9|10|11|1z|13 COMMENTS
1) PATTERN NTB PATTERN NAME TABLE BASE (VDP REG2)
NAME ROW PATTERN POSITION
ADDRESS COLUMN
2) PATTERN COLB PATTERN COLOR TABLE BASE (VDP REG3)
COLOR 0 = ALWAYS “0" IN BIT 8
ADDRESS NAME (0-3) FIVE MOST SIGNIFICANT BITS OF NAME
3) PATTERN PGB PATTERN GENERATOR BASE (VDP REG4)
GENERATOR NAME ALL 8 BITS OF NAME
ADDRESS XXX THREE LSB‘S FORM PATTERN ROW POSITION

GRAPHICS Il MODE ADDRESS LOCATION TABLE

ADDRESS TYPE |0[1]2[3|4a]|5]6]7]8[a]10l11]12]13 COMMENTS
1) PATTERN NTE PATTERN NAME TABLE BASE (VDP REG2)
NAME ROW PATTERN POSITION ROW
ADDRESS COLUMN PATTERN POSITION COLUMN
2) PATTERN i PATTERN COLOR TABLE BASE MSB (VDP REG3)
COLOR XX TWO MSB FROM VERTICAL COUNTER
ADDRESS NAME ALL 8 BITS OF NAME
XXX COLOR TABLE BYTE/LINE
3) PATTERN PATTERN NAME TABLE BASE MSB (VDP REG4)
GENERATOR XX | TWO MSB FROM VERTICAL COUNTER
ADDRESS 1 NAME ALL 8 BITS OF NAME
XXX PATTERN GENERATOR BYTE/LINE NUMBER
TEXT MODE ADDRESS LOCATION TABLE
ADDRESS TYPE 0[1|2|3[4]5[6]7[3[9|1ol11]1zl13 COMMENTS
TEXT MODE NTB PATTERN NAME TABLE BASE (VDP REG2)
NAME ADDRESS TEXT POSITION EQUAL (TEXT POSITION ROW = TIMES 40) PLUS
(TEXT POSITION COLUMN NUMBER)
TEXT MODE PGB PATTERN GENERATOR BASE (VDP REG4)
PATTERN NAME NAME
ADDRESS XXX BYTE/LINE NUMBER
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SPRITE ADDRESS LOCATION TABLE

ADDRESS TYPE 0[1[2]3|4|5|s|7[8]9[10|11[12[13 COMMENTS

SPRITE SAB SPRITE ATTRIBUTE TABLE BASE (VDP REG5)
ATTRIBUTE SPRITE SPRITE NUMBER
ADDRESS XX ATTRIBUTE NUMBER:

00 FOR VERTICAL POSITION

01 FOR HORIZONTAL POSITION

10 FOR NAME .

11 FOR TAG (EARLY CLOCK AND COLOR)
SIZE = 0 SPGB SPRITE PATTERN GENERATOR BASE (VDP REG4)
SPRITE PATTERN NAME NAME ATTRIBUTE OF SPRITE
GENERATOR XXX THREE LSB’S GIVE BYTE/LINE NUMBER
SIZE = 1 SPGB SPRITE PATTERN GENERATOR BASE (VDP REGA4)
SPRITE PATTERN NAME (0-5) SIX MSB OF NAME
GENERATOR KRAKX SIZE = 1 SPRITE BYTE NUMBER (SEE FIGURE 19)

MULTICOLOR ADDRESS LOCATION TABLE

ADDRESS TYPE

o|1 |2|3[4|5|a[7|3|9|1o|11[12\13

COMMENTS

4) MULTICOLOR
NAME
ADDRESS

5) MULTICOLOR
COLOR
GENERATOR
ADDRESS

NTB

ROW

PGB

COLUMN

NAME

XXX

NAME TABLE BASE (VDP REG2)
PATTERN POSITION ROW
PATTERN POSITION COLUMN

PATTERN GENERATOR BASE (VDP REG4)
NAME FROM NAME FETCH
THREE LSB’'S FORM BYTE/SQUARE ROW
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2.10

VDP TERMINAL ASSIGNMENTS

SIGNATURE |TERMINAL | I/O DESCRIPTION

CDO MSB 24 1/0| CPU data bus (CDQ) is the most significant

CcD1 23 1/0] bit

CcD2 22 1/0

CcD3 21 1/0 mt 1 a0 D XTALZ

CD4 20 1/0 CAS 2 39 f xTAL!

CDb 19 1/0 AD7 [} 3 38 ) CPUCLK

CD6 18 1/0 ADB (] 4 37 J GROMCLK

cD7 17 1/0 ADS5 ] 5 36 [ COMVID
AD4A O 6 35 [0 EXTYID

MODE 13 | | CPU interface mode select; usually a proces- AlS L7 wip F:,ESET’SYNC

or address line Bl il A
s AD1 [ 9 32 ) RDO

e ADO [ 10 31 b RD1

CSR 15 | | CPU-VDP read strobe RN O 1 30 [} RD2
vgg ( 12 29 ] RD3

csw 14 | | CPU-VDP write strobe MODE (] 13 28 1 RD4
CSW Q 14 27 HRDS

vee 33 | | +5 volt supply CSR q 1v 26 P RD6

; INT (4 16 25 DRD7

Vss 12 I | Ground Reference cD7 g 17 24 [1 CDO
cD6 [] 18 23 pco1

RDO MSB 32 I | VRAM read data bus (RDO is the most signi- ((:,Ei i 221 62

RD1 31 | | ficant bit) f 2 L Sel

RD2 30 |

RD3 29 |

RD4 28 |

RDb5 27 |

RD6 26 |

RD7 25 1

ADO MSB 10 O | VRAM address/data bus (multiplexed high and low order VRAM address and output data

‘bytes)

AD1 9 O | ADO is the most significant bit and is used only for data and not for addressing.”

AD2 8 0]

AD3 7 (@]

AD4 6 0

ADb 5 0

ADG 4 e}

AD7 3 0

RAS 1 0 | VRAM row address strobe

CAS 2 O | VRAM column address strobe

R/W A5 O | VRAM write strobe

XTAL1,

XTALZ2 40,39 | [10.7 + MHz crystal inputs.”’

GROMCLK 37 O | VDP output clock = XTAL, 24. Typically not used

RESET/SYNC 34 | | RESET—This pin is a trilevel input pin. When it is below 0.8 volts, RESET initializes the

34

VDP. When it is above 9 volts, RESET is the synchronizing input for external video.




SIGNATURE | TERMINAL | 1/0 DESCRIPTION
EXTVID 35 | |External video input

CPUCLK 38 O |NTSC color burst frequency clock. Typically not used.
INT 16 O |CPU interrupt output.

COMVID 36 O |NTSC composite video output.

*

The least-significant address bit, AD7, is wired to AO of the dynamic RAM:s. Likewise, ADG is wired to A1 of the RAM:s.

Care must be exercised in assuring proper orientation of the 9918A address outputs to the dynamic RAM address inputs.

** \When driven externally, both inputs must be driven.

4, TMS 9918A PRELIMINARY ELECTRICAL SPECIFICATIONS

4.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
{unless otherwise noted)*

Supply voltage, VCC
All input voltages
Qutput voltage

Continuous power dissipation . . ... ... v ittt i e e
Operating free-air temperature range
Storage temperature range

* Stresses beyond those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device, This is a stress

—03t1020V
—03to20V

—2to7V
;e GBW

rating only and

functional operation of the device at these or any other conditions beyond those indicated in the '"Recommended Operating Condtions”
section of this specification is not implied. Exposure to absolute maximum rated conditions for extended periods may affect device reliability.

4.2 RECOMMENDED OPERATING CONDTIONS*

PARAMETER MIN NOM MAX [ UNIT

Supply voltage, Vcc 4.75 5.25 \Y

Supply voltage, Vgs 0 \

SYNC active 10 12 v

Input voltage, V|, RESET/SYNC pin RESET active 0.6 v

SYNC and RESET inactive 3 6 \'

_ : " XTAL1, XTAL2 2,75 v

High-level input voltage, V|H Al om e Pt 22 v

SYNC level \%

Input voltage, Vy, EXTVID pin White level v
Black level

Low-level input voltage, Vi . 0.8 v

Operating free-air temperature, Ta ; 0 55 °c

* All voltage values are with respect to Vgg.
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4.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGES OF RECOMMENDED OPERATING

CONDITIONS (unless otherwise noted)

PARAMELE_H TEST CONDITIONS mMIN  TYPt mAX |uniT
VYo High-level RAS, CAS, R/W igsg = =400 A 2:7 X
output voltage All other outputs 24
VoL Low-level CPU dafa ) loL=1.2mA 0.6 v
output voltage DRAM interface loL = 800 uA 0.6
am Off-state output current Vo =55V 100
high-level voltage applied. D0O-D7 outputs ' uh
— Off-state output current e e &
low-level voltage applied, DO-D7 outputs 3
hH High-level input current My 265\, All other pins at 0 V 10 HA
L Low-level input current V=0V, All other pins at 0 V =10 | upA
Video voltage level of white, COMVID output 3.2 \"
Video voltage level of black (blank),
COMVID output a4 v
Video voltage level of sync, COMVID output 1.9 \
Video voltage (peak-to-peak)
of burst, COMVID output g v
Video voltage difference, white — black,
4 COMVID output g2 i
Icc Average supply current from Vo Ta=25°C 200 250 [ mA
| ) DO0-D7 20
L Input capacitance : f=1MHz, Unmeasured pins at 0 V pF
All other inputs 10
Co QOutput capacitance f=1MHz, Unmeasured pins at 0 V 20 pF
' All typical values are at Vee  5.25V, Tp 25 C.
4.4 TIMING REQUIREMENTS OVER FULL RANGES OF RECOMMENDED OPE RATING CONDITIONS
CPU-VDP interface
PARAMETER MIN NOM MAX | UNIT
tsu(ARL) Address setup time before CSR low 0 ns
tsu(AWL) Address setup time before CSW low 30 ns
th(WLA) Address hold time after CSW low 30 ns
tsu(DWH) Data setup time before CSW high 100 ns
th(WwHD) Data hold time after CSW high 30 ns
tw(WL) Pulse width, CSW low 200 ns
tw(CSH1) Pulse width, chip select high (requesting memory access) 8 ps
tw(CSH2) Pulse width, chip select high (not requesting memory access) 3 us
VDP-VRAM interface
PARAMETER MIN NOM MAX 1 UNIT
tc Memory read or write cycle time 372 ns
tsu(DCH) Input data setup time before CAS high 160 ns
th(CHD) Input data hold time after CAS high 0 ns
external clock source
PARAMETER MIN TYP MAX | UNIT
fext External source frequency 10.738 MHz
t /T External source rise/fall time 10 ns
twH External source high level pulse width 42 47 52 ns
W External source low level pulse width a2 47 52| ns
fie Ext.ernal source phase dela.v from XTAL1 42 47 52 s
falling edge to XTALZ2 falling edge
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4.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
CPU-VDP interface

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ta{CSR) Data access time from CSR low 300 ns
tPVX Data disable time after CSR high 200 ns
PV X,A Data invalid time from address changes Cp =300 pF 0 ns
foPUCLK CPU clock output frequency (fax¢ + 3) 3.58 MHz
fGROMCLK GROM clock output frequency (ext + 24) 447.5 kHz

VDP-VRAM interface
PARAMETER TEXT MIN| TYP | MAX | UNIT
CONDITIONS
tw(CH) Pulse width, CAS high 60 ns
tw(CL) Pulse width, CAS low 100 10,000 | ns
tw(RH) Pulse width, RAS high 100 ns
twiRL) Pulse width, RAS low 150 10,000 ns
tw(W) Pulse width, write pulse 45 ns
tCA-CL Delay time, column address to CAS low -10 ns
tRA-RL Delay time, row address to RAS low 0 ns
td—WL Delay time, data to W low 0 ns
tWH-CL Delay time, R/W high to CAS low 1] ns
tW-CH Delay time, R/W low to CAS high 60 ns
tW-RH Delay time, R/W low to RAS high 60 ns
- — CL =50pF
tCL-CA Column address valid after CAS low 45 ns
tRL-RA Row address valid after RAS low 20 ns
tRL-CA Column address valid after RAS low 95 ns
ICL-D Data valid after CAS low 45 ns
tRL-D Data valid after RAS low 95 ns
WL-D Data valid after R/W low 45 ns
tCH-WL Read command valid after CAS high 0 ns
tcL-wW Write command valid after CAS low 45 ns
tCH-RL Delay time, CAS high to RAS low -20 ns
tCL-RH Delay time, CAS low to RAS high 100 ns
tRL-CL Delay time, RAS low to CAS low 20 50 ns
composite video output
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tysad SYNC to active display 11.2 Hs
txhsw Horizontal SYNC width 1 5 us
tyvsw  Vertical SYNC width 7.8 50 | ws
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FIGURE 4-2 — VRAM WRITE CYCLE
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WRITE CYCLE

e _ — tw(WL)

T

A
: | | )
MODE || .
k] Eal
R ! | e
tsu(A-WL) k—-l_th(WL-A} i |
il :
DATA = :
L
tsu(D-WH)-I!.——.l l‘—-ﬁ"th(WH-D}
READ CYCLE
[
, ‘s I
L I I _fr l
| s
MODE I l
| i A !
P i
tsu(A-RL)-I‘—UI l tpvx,a—'l I._ l
| o l
I f e |
DATA VALID DATA |
o T |
I-.—-I-tatcsm L—thx——-|
NOTE: All measurements are made at 10% and 90% points.

FIGURE 4-3 — CPU-VDP WRITE CYCLE
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FIGURE 4-4 — EXTERNAL CLOCK TIMING WAVEFORM

5.  MECHANICAL DATA

5.1 TMS 9918 — 40-PiN PLASTIC PACKAGE
plastic packages

le——  pmAx —— =
N @
Nemlealosl ml eoimnl e ) el el = N |

| r
EITHER OR c
BOTH INDEX <J /
MARKS = —
¢ € | v i O )
A 1 -3
0020 (051 (]
mN 0.200 {5.08)
J{ MAX
SEATING PLANE
105°
90" “
co1 - 0003 °°33 '° “’ [ 0125317
i 10,279 + 0076} MIN
0018 : ooua 0070 (1.78)
vm SPACING 0070 (1.78)
(0,457 - 0076 MAX SR EL A
NOM

ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN.

om el 16 18 20 22 24 28 40

A - 0.01010.26} | 0.30017.62) 0.300 (7,62 0.300 (7,621 03007620 | 0.400 (10,16) | 0.600 (15,24) | 0.600 (15,24) | 0.600 (10,24)
B MAX 0.390 (9.9! 08701(22,1) 0.920 (23.4) 1070127.2) 1.100 128,0) 1.290 (32.8) 1.440 (36,6) 2,090 (53,1)
C NOM 0.250 16,4 0.250 (6.4) 0 250 (6.4! 0.265 16,71 0.350 (8,9 0.550 (14,0) 0.550 (14,0) 0.550 (14,0




5.2 TMS 9918 — 40-PiN CERAMIC PACKAGE

ceramic packages with side-brazed leads and metal or epoxy or glass lid seal

————— B MAX —-—ﬁ
N =
c
INDEX
AREA k- |
(See Note c} :
1 >
¢ €
A—sl
0.020 {0,51) 0.070 (1,78) MAX 0.2;0;3,03)
MIN
See Note a
_SEATING
105 PLANE
90° thy
—olle_0.018 : 0.003
i 0.125 (3.17)
—-‘L 0.011 : 0.003 A0 {0,457 + 0,076) S5
2= Q.07 (2.54)

NOM 0.070 (1,78) MAX -

NOTES: a. This mimmum spacing s vahd for printed circuit board mounting with 0,033 (0,84) diameter holes for the leads.
b. All inear dimensions are in inches and parenthetically in millimeters. inch dimensions govern.
c. The index is placed in this area to identify pin 1 and to provide other information as follows:

1 Pin 1 connected to chip-mounting pad.
AXX Pin XX connected to chip-mounting pad.
° No connection to chip-mounting pad.

Other symbols may indicate any combination of up to 4 pins connected to the chip-mounting pad.

DIM GINS 16 18 20 22 24 28 a0

A= 00101026 | 03001762 | 0300762 | 03007620 | 0400 1016 | 0600 11524 | 0600 115 241 | 0.600 115,241
8 MAX 0840214 | 09102310 | 10201259 | 11002800 | 129013281 | 14151360 | 2020151.3)
C NOM 0290174 | 029074 | 0ou0/4 039099, | 059011501 | 059011501 | 0590150

a1




@ :0_5 —re—oj

XEA_2ve AXKXRKXAXANAXAXA

[s—=i (Ho-a)ny

MARAXIXXIAXAXAXXX)

AXRXRXX

AXAXAAXKX N%. XXARK, w0 LR, "o XX

10" <9I_lll_ |_II_|I _<m 4y

V010 —te—— !

|- (HO)my
I--

u\ﬂl (19w,

+ ;/ T4-VH; T!
]
>

fl— H¥19 ——»
_lr||r.. <u-._EI.I_

ke— 10" I_EIJ[
I

1 {
__.ll|| (HY)my .||l__ r*
_r

(Td)my

™,
I

|

I

L0y - 044

M/

LAV - 0QV

sSvd

42



