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NOTICE

se: This manual provides detailed technical information on the internals
of the HP 150 hardware, firmware, and software. It is designed to aid in the
development of hardware and software products which will become part of, or work
in conjunction with, the HP 150.

User Level: Use of this information assumes a background in digital logic and
assembly-language programming.

Related Products: The HP 150 Programmer's Tool Kit (Product U45435A) contains
the Assembler, Linker, and appropriate documentation. The HP 150 MS-DOS User's
Guide (Product U5624A) provides details on MS-DOS.

Compatibility: A hardware/software product designed to be dependent on one
specific version of the HP 150 hardware, firmware, or software may be
incompatible with other versions of the HP 150 -- or such a product may be
incompatible with future personal computer products from Hewlett-Packard,
including models based on the HP 150 itself.

Support: Because of the specialized nature of this information, the many
capabilities of the HP 150 when used at this level, and the importance of design
strategy for successful implementation of hardware/firmware-based products,
assistance in the use of this manual is provided through local consulting --
available by the hour (Product 45686A) or by the day (Product 4568TA). Contact
your local HP Sales and Service Office -- ask for Personal Computer Systems
Engineering.

NOTICE

The information contained in this document is subject to change without
notice.

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS
MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Hewlett-Packard
shall not be liable for errors contained herein or for incidental or
consequential damages in connection with the furnishing, performance or
use of this material.

Hewlett-Packard assumes no responsibility for the use or reliability of
its software on equipment that is not furnished by Hewlett-Packard.

This document contains proprietary information which is protected by
copyright. All rights are reserved. No part of this document may be
photocopied, reproduced or translated to another program language without
the prior written consent of Hewlett-Packard Company.

Copyright (c) 1984 by HEWLETT-PACKARD COMPANY
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PREFACE

CAUTION

This document provides detailed technical information
revealing internal details of the HP 150 hardware,
firmware, and software.

The information presented allows development of hardware
and software products for the HP 150 which may be
incompatible with future personal computer products from
Hewlett-Packard, including models based upon the HP 150
itself.

This manual presents technical information concerning the HP 150 Personal
Computer and covers its hardware, firmware, and software subsystems.

The intent of the manual is to aid in the development of hardware and software
products which will become part of, or work in conjunction with, the HP 150.

The reader is directed towards the HP 150 Programmer’s Reference materials for
complementary programming information including language and development tools.



MANUAL OVERVIEW

vi

This manual consists of the following sections and appendices:
Section 1 - Introduction provides an overview of the HP 150.

Section 2 - Hardware Overview provides product specifications
information and briefly describes each subsystem
of the HP 150.

Section 3 - Hardware Subsystems contain detailed information
on the HP 150’s hardware subsystems and helpful
design hints.

Section 4 - Memory and 1/0 Mapping provides information on the
memory and input/output bit mappings of the system’s
processor.

Section 5 - System Software provides information on the
operating systems, device drivers, MS-DOS calls,
AGIOS, BIOS, configuration, and disc format structure.

Section 6 - System Firmware provides mapping informaiton on
system RAM memory.

Section 7 -~ Programming the HP 150 contains programming
information on escape sequences, MS-DOS, AGIOS,
alphanumeric and graphics displays, datacomm,
keyboard, HPIB, and accessory card interfacing.

Section 8 - AGIOS Function Call Reference provides a
reference list of AGIOS function calls.

Appendix A - Logic Diagrams contain schematic diagrams of the HP 150.

Appendix B - Further Reference Bocuments provides a list of
reference documents to supplement this manual.
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INTRODUCTION

This section provides an overview of the HP 150’s system architecture, display,
keyboard, data communications, and peripherals.
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Introduction

HP 150 SYSTEM OVERVIEW

The HP 150 Personal Office Computer, the third member of the Series 100 family,
offers a complete business solution and gives the customer more power and memory
space in a small, efficient package. The entire sytem (display, processor,
keyboard, flexible and Winchester disc drives, and integral printer) occupies
only 2.1 square feet of space, about the same "footprint" as an open looseleaf
notebook. Several features have been added to decrease the amount of time
required to learn and use the system such as a touchscreen interface and an
advanced "shell" called the Personal Applictions Manager

(P.A.M.) which shields the user from the "computerese" associated with many
computer systems.

The HP 150 system features are summarized below.

System Architecture

- Intel 8088 microprocessor (operating at 8 MHz)

- MS-DOS 2.0 operating system

- Built-in HPTouch

- 256K bytes of main memory standard; 640K bytes maximum

- Battery back-up for system configuration and real time
clock

The HP 150 uses an Intel 8088 microprocessor running at 8 MHz. The standard
system contains 256K bytes of RAM memory for the operating system, applications
and user workspace, and can be expanded to 6U4OK. Touchscreen and graphics are
standard with the system.

In addition to the above capabilities, the HP 150 is also a customer expandable
system. There are two expansion slots, accessible through the back of the unit,
which allow the customer to add accessories (such as additional memory) to the
system without requiring the assistance of an HP representative or dealer.
Installation of accessories is a simple operation, requiring an average of 5 to
10 minutes.

The HP 150 Personal Computer uses MS-DOS 2.0 from Microsoft Corporation as the
standard operating system. MS-DOS 2.0 is a single-user, single-task operating
system for which many third-party software packages have been developed. The
operating system resides on disc and upon initialization MS-DOS is loaded into
the processor’s main memory.
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A unique enhancement by Hewlett-Packard to the MS-DOS operating system has been
the addition of an easy-to-understand facility to help the user execute
commands. PAM (Personal Applications Manager) provides simple intuitive menus
for the most frequently used system commands. Unlike other systems which
require the user to learn the system 'computerese”, PAM through menus and
HPTouch, guides the user through commands. With PAM starting applications,
creating directories, deleting files and listing existing files can be as easy
as touching the screen. For more advanced users the standard MS-DOS command
facility is also available.

Display

- Built-in high-resolution on-screen graphics display
(512 x 390)

- High-resolution character display; 9 x 14 dot character
cells; upper and lower case

- Display enhancements: inverse video, underline, blinking,
half-bright, security and all combinations

- Up to two pages of 24 lines x 80 characters of display
memory

The HP 150 can display both alphanumeric and graphics on the 9 inch diagonal
screen. The alphanumeric display consists of a 27 line by 80 column format.
The 25th and 26th lines are used for the screen labeling of function keys (and
all are automatically "“touchable” through touchscreen), and the 27th line is for
system status and error messages. The screen memory stores 2 pages of text,
which allows off-screen storage of the display. High resolution characters with
true descenders are generated in a 9 x 14 dot cell with half-dot shift. The
standard display is green character against a black background.

The graphics display has a resolution of 512 dots horizontally by 390 dots
vertically. This gives a 1:1 aspect ratio guaranteeing symmetry (that is,
circles look like circles). The numeric keypad also serves as the graphics
keypad, allowing the customer to turn on and off the alpha display, turn on and
off the graphics display or transfer the graphics display to one of the HP
graphics printers. It also displays the graphics cursor and allows it to be
moved around the screen.
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Keyboard

- Detachable, typewriter-style

- Special editing keys

- Numeric/Graphics pad

- Eight screen-labeled function keys

The HP 150 keyboard is designed to provide a familiar interface to the system
and minimize training time. The low-profile keyboard shape, the sculptured
keycaps and the dished "home" keys help to make the keyboard comfortable to use.
The 107-key keyboard contains the full local editing keys such as cursor control
keys, display scrolling keys, "next" and "prev" keys for scrolling by pages and
"insert" and "delete" keys for inserting or deleting characters or entire lines.

Series 100 function keys are screen labels used by the system and by application
programs to increase the ease of use of the system. With the HP 150, this
capability is enhanced by the use of HPTouch. Now, all function keys can be
selected by pressing the key itself or by touching the key label on the screen.

Communications/Peripherals

- One RS-232/RS-U422 communication port

- One RS-232 communication port

- One HP-IB port

- Full block mode graphics terminal support

Two RS-232-C ports (one of which is capable of RS-U422 communication) may be used
to connect the system to a remote computer or to serial devices (such as
printers or plotters). Flexible protocols allow the use of either hardware or
software handshaking and communication speeds can range from 110 to 19,200 baud.

The HP 150 contains the HP 2623 Graphics terminal feature set and can run any HP
3000 software which currently runs on that terminal. This includes block mode
for V/3000 software and graphics applications such as HPEasychart and HPDraw as
well as line-drawing and math character sets, "security” fields, transmit-only
fields, edit checks and Tektronix 4010/4014 emulation.
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HARDWARE OVERVIEW

This section provides product specifications information and briefly describes
each module of the HP 150.
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Hardware Overview
INTRODUCTION

The HP 150 digital hardware performs the logic functions of a 16 bit personal
computer with screen graphics. It consists of a Processor PCA, a Memory PCA,
a Video subsystem PCA, a Touchscreen PCA, a Front Plane PCA, and a Keyboard PCA
within the Keyboard itself. Its operation is based on the 8 MHz 8088
microprocessor.

The Processor PCA provides control signals, input/output and data processing
functions. The ROM/RAM PCA provides 256K bytes of dynamic RAM for system and
user memory and up to 160K bytes of ROM. The Video subsystem PCA controls the
display RAM and provides video display data and timing signals for driving the
sweep circuitry. The Touchscreen PCA provides an easy user interface to the
system beyond the standard keyboard. Two accessory slots are provided allowing
for memory expansion and additional processing and I/0 capability.

PRODUCT SPECIFICATIONS

General Description

System Processor: Intel 8088 microprocessor
operating at 8 MHz

Main Memory: 256K bytes of RAM memory
Screen Size: 9 inch diagonal
Alphanumeric 116 X 150 mm (4.5 X 5.9 inches)
Graphics 120 X 160 mm (4.7 X 6.3 inches)
Screen Capacity: 24 lines X 80 columns, 25th and

26th lines for labeling of
function keys, 27th line for system
status/error messages.

Character Generation: T X 10 enhanced dot matrix with
1/2 dot shifting, 9 X 14 dot
character cell, noninterlaced
raster scan.

Character Size: 1.3 X 2.8 mm (0.0% X 0.11 inches)

Character Set: Roman8, line drawing, math standard
(also bold and italic usable by

applications only)

Cursor: Blinking underline or blinking square
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Display Enhancements:

Refresh Rate:
Tube Phosphor:
Implosion Protection:

Keyboard:

Physical Specifications
System Processor Weight:
Keyboard Weight:

Display HMonitor
Dimensions:

Keyboard Dimensions:

Flat

Standing

gEnvironmental Conditions

Inverse video, underline, blinking,
half-bright, security, and all
combinations.

60 Hz

P31 (green)
Tension band

Full ASCII code keyboard, eight
screen-labeled function keys,
auto-repeat, N-key rollover, cursor
controls, 18 key numeric pad,
detachable with 2.43 m (8 ft.)
coiled cable.

10.15 kg (22.34 1bs.)
2.14 kg (4.71lbs.)

305 mm (W) X 305 mm (D) X 287 mm (H)
[12.0 in. X 12.0 in. X 11.3 in. ]

456 mm (W) X 225 mm (D) X 35 mm (H)
[18.0 in. X 8.9 in. X 1.4 in. ]

456 mm (W) X 225 mm (D) X 35 mm (H)
[18.0 in. X 8.9 in. X 2.5 in. ]

Temperature (Free Space Ambient):

Non-operating
Operating
With 2674A (Integral
Thermal Printer)
Humidity:

*Vibration:

*Shock

2-2

-40 to +75 C (-L4O0 to +167 F)
0 to +50 C (+32 to +131 F)
0 to +50 C (+32 to +131 F)
5 to 95% noncondensing
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30g, 11 ms, 1/2 sine
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*Type tested to qualify for normal shipping and handling

original shipping carton.

Product Regulations

This product when used with HP approved options and peripherals meets the
requirements of the following agencies/standards for EDP equipment or office
equipment in the following countries:

Safety:

RFI:

Datacomm:

Power Requirements
Input Voltage:

Power Consumption:
456104
456504

456554
456604

Communications

Data Channels:
HP-IB Channel:
RS-232 Channel:

Data Rate (RS-232):

Canada - CSA Certification
International - IEC 380/435 Compliance
United States - U.L. Listing

Finland - FEI (pending)

Germany - VDE Class B
United States - FCC Level B

CCITT V.24 interchange V.28 electrical
Australia - Telecom (pending)

Belgium - PTT (pending)

Finland - PIT (pending)

Germany - FTZ (pending)

Sweden - PTT (pending)

U. K. BT (pending)

115 V (+10%,-25%) at 50/60 Hz (+-5%)
230 V (+10%,-25%) at 50/60 Hz (+-5%)

240 Volt Amp
356 Volt Amp
356 Volt Amp
356 Volt Amp

1 HP-IB, 1 RS-232/RS-L22, 1 RS-232
Bus used only for specified HP peripherals
General asynchronous communications

110, 150, 300, 600, 1200, 2400,
L4800, 9600, and 19200 haud
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Port 1 and 2:

Port 1, only:

EIA standard RS-232-C and CCITT V.24,
hardware and XON/XOFF handshaking
available.

RS-422 communication capability

Subsystem Power Requirements

The figures below are the worst case power consumption figures for the main
system boards. The values given for accessory slots are obtained by subtracting
the main system board power consumption figures from the power available from
the power supply printed specifications. A more realistic set of figures for
accessory hardware board designers to use in determining power available for
accessories is given in Section 3.

PCA

Sweep Board:
Processor:
ROM/RAM:

Video subsystem:
Front plane:
Thermal Printer:
Touch Screen:

Mezzanine Datacomm:

Accessory Slots:

TOTAL

+5 Volt +12 Volt -12 Volt
125 mA 1.9 A 60 mA
2.3 A 140 mA 80 mA
1.0 A 0 0
3.4 A 0 0

75 mA 0 0
800 mA 2.2 A% 0

0 150 mA 20 mA
200 mA 50 mA 50 mA
1.75 A 280 mA 270 mA
9.6 A 2.5 A ** 480 mA

* This current at +12v for the TPM comes from a separate winding on the power

supply.

*¥#* This total does not include the current supplied for the TPM on the

separate winding.
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HP 150 PRINTED CIRCUIT ASSEMBLIES

The HP 150, in its standard configuration consists of seven modules. They are
the Processor, Video, Sweep/CRT, Touchscreen, Keyboard, Power Supply, and Front
Plane. Below is a block diagram of the HP 150 system showing each of the
modules and their associated PCAs.

SWEEP PCA VIDEO PCA
| | | | | OPTIONAL |
| SWEEP/CRT | | VIDEO [ | THERMAL |
I |<---+ | | +-->| PRINTER |
! I I b I
| /1N |
| FRONT | |  POWER
TOUCHSCREEN PCA | PLANE PCA| |  SUPPLY PCA
| \/ I
I I b [ |
| TOUCHSCREEN |  +-->| FRONT PLANE |[<--+ |  POWER [
I |<-mmm-- > l<--mm-- |  suPPLY |
I | I ! ! I
/I\
PROCESSOR |
PCA | KEYBOARD PCA
\/
MEZZANINE [ | [ |
MEMORY PCA | PROCESSOR  |<----- >|  KEYBOARD |
I I I I
DATACOMM PCA | | | |
/N 7IN TN
| DISCS, I I I I
| PRINTERS, | [ |  +---> SFRIAL PORT 2 (RS-232 DEVICES)
| PLOTTERS,ETC. |<----------- +
| (OPTIONAL) | HP-IB tommmmm > SERAIAL PORT 1 (RS-232/RS-422
[ | DEVICES DEVICES)

Figure 2-1. HP 150 ‘'lock Diagram

A Dbrief description of each PCA in the HP 150 system is given below. Each
board is described in detail in Section 3.
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Analog Boards

POWER SUPPLY PCA. The power supply used in the HP 150 system is a 120 watt
switching supply that provides +5, +12, and -12 volts to the system
components. The supply is mounted vertically to the side of the metal chassis
and supplies power to the system through a cable which connects to the front
plane board and a separate connector on the power supply connects to a ribbon
cable to provide +12V to the optional thermal printer (TPM). An overview of the
supply is provided in Section 3.

SWEEP PCA. The sweep electronics (assembly L45600-60004) used for HP 150 is
the same sweep used in the HP 120 computer system. This board also mounts
vertically to the side of the metal chassis and interfaces to the digital
logic on the video board via a ribbon cable to the front plane board. This
sweep provides focus, brightness, vertical and horizontal centering controls
at the rear of the unit. Coarse brightness, horizontal width and
vertical size controls are accessible after removal of the shroud of the system.
Details about this board as well as the yoke and CRT are found in Section 3.

Digital Logic Boards

There are six PCAs containing primarily digital logic which create the HP
150 hardware personality.

PROCESSOR PCA. The processor board (45611-60002) houses the 8088
microprocessor, the heart of the system. The bulk of the I/0 components such
as HP-IB controller, keyboard and touchscreen controller, real-time clock, and
datacomm are on this board. The processor board interfaces to the rest of
the system boards through 96 pin, 60 pin, and 30 pin connectors. The processor
board connects to the front plane through the 96 pin connector. The 60 and 30
pin connectors are physically mounted on top of the processor board, and connect
the mezzanine memory and datacomm PCAs, respectively. See Section 3 for a
discussion on the processor board.
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KEYBOARD PCA. The keyboard is detached from the HP 150 unit and a cable
connects it to a 6 pin phone jack on the processor board. See Section 3 for
more keyboard information.

MEZZANINE MEMORY PCA. The mezzanine memory board (L45611-60006) is one of
two boards mounted on the processor board in a mezzanine position beneath
the video board. The memory board contains ROM, dynamic RAM, CMOS RAM,
and indicator LEDs. A 60 pin connector is used +to interface the memory and
processor boards. See Section 3 for detailed memory board information.

RS232C/422 DATACOMM PCA. The RS232C/422 board (45611-60015) is the other
board in a mezzanine position. It connects to the processor board through a
30 pin connector. The board has provision for both asynchronous and
synchronous communications and can meet RS232C or RSW22 communications
standards. Details on this board are in Section 3.

FRONT PLANE PCA. The front plane board (45611-60005) provides the interconnect
for the processor, video, touchscreen, sweep, TPM, and accessory boards.
The front plane alsc serves as a conduit for power to the various PCAs from
the power supply. Section 3 describes the front plane in more detail.

VIDEO PCA. The alphanumeric and graphics displays are generated by the wvideo
subsystem, the core of which is the video board (45611-60003). The video
board design is based on an SMC9007 display controller and a custom 40 pin
gate array for generation of the alpha and graphics displays respectively.
This board is covered in Section 3.

TOUCHSCREEN PCA. The touchscreen board (45611-60001) is actually a
mixture of analog and digital circuitry. The 8088 interfaces to the
touchscreen via the 8041A keyboard/touchscreen controller. A 10 conductor
ribbon cable connects the touchscreen to the front plane where information is
in turn exchanged with the processor board. Details on the touchscreen are in
Section 3.
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HARDWARE SUBSYSTEMS

This section provides detailed information on the hardware subsystems of the HP
150. Design hints on the optional accessory card are discussed here also.
Subsystem discussion includes the front plane, processor, video, keyboard,
touchscreen, datacomm, and memory.
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Hardware Subsystems

FRONT PLANE

The front plane, or mother board, of the HP 150 svstem is the board that
provides the interconnection of the various components of the system. The
processor, video, and two optional accessory boards plug into connectors on the
front plane. Four cable connectors interface the power supply, sweep,
touchscreen, and optional TPM to the rest of the system via the front plane.

The front plane is used primarily to provide a comminications path from the
processor board to the video and accessory boards. Th~re is some digital logic
on the front plane which is used for transferring bytes from the processor to
the TPM. This circuitry is described below. Power for each of the boards comes
from the power suppply via the front plane. Video signals are transmitted to
the sweep via the front plane and timing signals for the touchscreen are
transmitted or received via the front plane.

Thermal (Integral) Printer Interface

The optional thermal printer mechanism (TPM) interfaces to the rest of the
system via logic on the front plane and processor boards. The processor sends a
data byte to the TPM by writing the byte into a transparent latch on the

front plane. A negative going pulse on NTPMWRT is sent causing the latch to
receive the data byte. On the positive edge of NTPMWRT (the deassertion of
NTPMWRT) the byte is latched into the latch. Also, a D flip-flop on the front
plane is clocked which results in NSTR (JF7-15) being asserted (goes low). The
assertion of NSTR tells the TPM that a byte is available for it to read. After
the TPM reads the byte in the latch, it asserts NACK (JF7-6) by bringing it low.
This results in the flip-flop preset inputs going low presetting the two D
flip-flops. This makes NSTR go back high in preparation for the next byte to be
sent to the TPM by the processor. It also makes the output of the D flip-flop
go low which in turn makes NOCINT go low. NOCINT is one of the open collector
interrupt lines on the front plane. Asserting NOCINT causes an interrupt to the
processor. The interrupt service routine will poll the devices which assert
NOCINT to determine which device to service. After receiving an interrupt from
the TPW interface logic, the 8088 can send another byte to the TPM. (Note that
an interrupt service routine must poll the TPM interface logic last because the
poll consists of reading the TPM status which alsec clears the interrupt at the
end of the poll.)

The TPM status can be determined by reading the status register. The NTPMRD
signal is asserted (goes low) by the processor board which enables the bus
driver on the front plane to drive the data bus. Bit 0=1 if acknowledge has
been sent by the TPM in response to a byte sent to the TPM. Bit 1=1 if the TPM
is installed and bit 2=1 if paper is present in the TPM. (Bits 3-7 are not
used.) The deassertion of NTPMRD (its rising edge) clocks the flip-flop which
clears the interrupt generated on NOCINT.
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A read or write to the TPM will cause the processor board signal NTPMSL to go
low which results in 6 wait states to be added to the bus cycle.

The TPM connects via a ribbon cable to a connector on the front plane. The 8088
accesses the TPM at I/0 address XX30 as described in the Memory and I/0 Mapping
section of this manual. Note that "XX" can be any (address) value.

Summarizing, a byte of data is sent to the TPM by writing the data at port XX30.
The TPM acknowledges the receipt of the data and readiness to accept the next
byte of data to be sent by asserting the NOCINT interrupt line. The interrupt
handling routine can poll the TPM by reading port XX30 and inspecting the least
significant bit. If the bit is set, the TPM has generated an interrupt. The
end of the read cycle clears the interrupt if caused by the TPM. PAPER OUT and
ONLINE status are also available at the same address.

Front Plane Connectors and Signals

The following paragraphs provide a description of the connectors and the
connector signals on the front plane.

Front Plane PCA Connector Layout:

JF8 -
| JF1 - VIDEO BOARD | POWER
JF5 - l | _
SWEEP JF7 -
JF6 - INTEGRAL
TOUCHSCREEN PRINTER __

| JF2 - PROCESSOR BOARD |

| JF3 - ACCESSORY SLOT1 | | JFL - ACCESSORY SLOT2 |
I | | |
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JF2 - Processor Board Front Plane Connector Pinouts and Signals

1. FPA O 33. NTPMWRT 65. NTPMRD
2. FPA 1 34. NPFAIL 66. GND
3. FPA 2 35. NSLOTSEL 2 67. GND
4. FPA 3 36. FPNRST 68. +5V
5. FPA 4 37. NOCINT 69. GND
6. FPAS 38. NOCWAIT 70. +5V
7. FPA 6 39. +5V 71. GND
8. FPAT 40. BIO/-M 72. GND
9. ABUS 8 41. -12v 73. GND
10. ABUS 9 42. NVIDINT T4. GND
11. ABUS 10 43. -12v 75. GND
12. ABUS 11 4. FPGO 76. GND
13. FPA 12 45. GND 77. GND
14, FPA 13 46. GND 78. GND
15. FPA 14 47. FPCLK 79. GND
16. FPA 15 48. GND 80. GND
17. FPA 16 49. GND 81. GND
18. FPA 17 50. BIO/-M 82. GND
19. FPA 18 51. +12V 83. GND
20. FPA 19 52. FPDT/-R 84. GND
21. FPD O 53. +12V 85. GND
22. FPD 1 54. SHOLDA 86. GND
23. FPD 2 55. FPNWRT 87. GND
24. FPD 3 56. N.C. 88. +5V
25. FPD U4 57. FPNRD 89. +5V
26. FPD 5 58. +5V 90. +5V
27 FPD 6 59. N.C. 91. +5V
28 FPD 7 60. GND 92. TSDATA
29. FPNSSO 61. TSCLK 93. GND
30. NSLOTSEL1 62. GND 94, NDCOCINT
31. BATV 63. N.C. 95. TSSYNC
32. BATV 64. FULLMEM 96. +5V
JF2
B ettt e +
32 | + + ++ ] 1
6Lh | + + ++ | 33
96 | + + ++ | 65
e et +

Hardware Subsystems

Pictorial view of processor board front plane connector with pin

assignment (as viewed from component side of front plane board)
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Video Board Front Plane Connector

JF1 - Video Front Plane Connector Pinouts and Signals

1. FPA O 36. +5V
2. FPA 1 37. GND
3. FPA 2 38. FPNRST
4, FPA 3 39. GND
5. FPA L 40. NOCWAIT
6. FPA S 41. +5V
7. FPA 6 42. BIO/-M
8. FPAT 43. GND
9. ABUS 8 4Y4. NVIDINT
10. ABUS 9 45. GND
11. ABUS 10 4. FPGO
12. ABUS 11 47. GND
13. FPA 12 48. FPCLK
14. FPA 13 49. GND
15. FPA 14 50. +5V
16. FPA 15 51. GND
17. FPA 16 52. BIO/-M
18. FPA 17 53. GND
19. FPA 18 54. FPDT/-R
20. FPA 19 55. N.C.
21. FPD O 56. +5V
22. FPD 1 57. N.C.
23. FPD 2 58. FPNRD
24. FPD 3 59. GND
25. FPD )4 60. (RESERVED)
26. FPD 5 61. GND
27. FPD 6 62. +5V
28. FPD T 63. GND
29. +5V 6L4. NVSYNC
30. +5V 65. GND
31. 412V 66. NHSYNC
32. 412V 67. GND
33.  +12V 68. NHB
34.  BATV 69. NFB
35.  BATV 70. GND
JF1
e e e +
35 | + + ++ |1
T0 | + + ++ | 36
B it e +

Pictorial view of processor board front plane connector with pin
assignment (as viewed from component side of front plane board)
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Accessory Front Plane Connectors

Hardware Subsystems

The accessory boards plug into the bottom slots of the card cage. The system
listed below.

signals available to the modules are

JF3/4 Accessory Board Front Plane Connector Pinout and Signals

1. FPA O 36. (RESERVED) *
2. FPA 1 37. NPFAIL
3. FPA 2 38. (RESERVED) *
., FPA 3 39. FPNRST
5. FPA 4 h4o. +5V
6. FPA S 41. GND
7. FPA 6 L2, GND
8. FPA 7 43. NOCINT
9. ABUS 8 Ly, GND
10. ABUS 9 45. NOCWAIT
11.  ABUS 10 46. (RESERVED) *
12. ABUS 11 47, BIO/-M
13. FPA 12 48. +5V
1y, FPA 13 4o, -12v
15. FPA 14 50. NDCOCINT
16. FPA 15 51. GND
17. FPA 16 52. -12v
18. FPA 17 53. SHOLDA
19. FPA 18 Sh. FPGO
20. FPA 19 55. +5V
21. GND 56. GND
22. GND 57. FPCLK
23. FPD O 58. (RESERVED) *
2y, FPD 1 59. GND / FULLMEM *
25. FPD 2 60. +12V
26. FPD 3 61. GND
27. FPD 4 62. BI1I0O/-M
28. FPD 5 63. +12V
29. FPD 6 6L, FPNWRT
30. FPD 7 65. +5V
31. GND 66. FPDT/-R
32. FPNRD 67. GND
33. GND 68. FPNSSO
3Y. +5V 69. GND
35. BATV T0. NSLOTSELx **
JF3 and JF4
o e e +
35 | + + ++ |1
70 | + + + + | 36
Sy +

Pictorial view of option module front plane connector with pin
assignment (as viewed from component side of front plane board)
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*

* %

Pin 59 is FULLMEM is on JF3 only. Pin 59 is GND on JFA.
Connections +to this pin and all pins labeled RESERVED should not be made.

NSLOTSELx will ©be either NSLOTSELl1 or NSLOTSEL2 depending upon which
side of the front plane the module is plugged into. The left side of
the card cage (from rear view of the package) holds module 1 and gets the
NSLOTSEL1 signal. The right side of the card cage holds module 2
and gets NSLOTSELZ2.

Sweep Board Connector

The

Sweep board connects to the front plane via a 20 pin connector,

JF5, whose signal pins are listed below:

Frmmm——————— +
20. | + + | 10. 20. +5V 10. NHSYNC
|+ + | 19. GND 9. +12V
|+ + | 18. NHB 8. GND
| + + | 1T7. GND 7. +12V
|+ + | 16. NFB 6. GND
|+ + | 15. GND 5. +12V
|+ + | 14,  SWPNRST 4. GND
| + + | 13. -12v 3. GND
|+ + | 12. +12v 2. +12v
11. | + + | 1. 11. NVSYNC 1. +5V
Fmmm e +
JF5

Touchscreen Connector

The

Touchscreen connects to the front plane via a 10 pin connector, JF6, whose

signal pins are listed below:

3-6

fmm e ———— +

1. | + + | 6. 1. +12v 6. +12v
|+ + | 2. TSDATA 7. +12V
|+ + | 3. -12V 8. GND
|+ + | Y, TSSYNC 9. TSCLK

5. | + + | 10. 5. GND 10. GND
o —————— +

JF6



Integral Printer Connector

The Integral Printer connects to the front plane via a

JF7, whose

signal pins are listed below.

DO
D2
D4
D6
NPOR
NACK
N.C.
GND
+5V
N.C.

OV NV FWN K

Power Supply Connector

11.
12.
13.
1k.
15.
16.
17.
18.
19.
20.

D1
D3
D5
DT
NSTR
POUT
NONL
GND
+5V
N.C.

Hardware Subsystems

20 pin connector,

Power to the system comes from the power supply through a 12 pin connector,

JF8, on the front plane board.

GND

GND

GND
+5V
+5V
+5V
GND

NPFAIL
(Pin removed for polarization)

-12v

(N.C.)
+12v

Front Plane Signal Descriptions

The following description of the front plane signals

diagrams shown previously.

FPA 0O-7

ABUS 8-11

The lower

The signal definition is given below:

reference the connector

8 address bits of the 20 bit
the 8088. These signals are buffered and demultiplexed.

address generated by

The upper 12 address bits of the 20 bit address.
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FPA 12-19

FPDBUS 0-T7

FPCLK

FPNRD

FPNWRT

FPNSSO

BIO/-M

FPDT/-R

FPGO

NOCWAIT

NVIDINT

NDCOCINT

NOCINT

3-8

These signals also are buffered and demultiplexed.

Data bus signals from the external data bus. This data
path is the means through which data is passed between the
processor and the video board or option slot modules or the
optional TPM.

Buffered 8 Mhz system clock.

Buffered -RD signal from the 8088 used to indicate a bus
read cycle in progress.

Buffered -WRT signal from the 8088 used to indicate a bus
write cycle in progress.

8088 bus cycle status line. The combination of FPNSSO,
BIO/-M, and FPDT/-R allow boards connected to the front plane to
completely decode +the current bus cycle.

Buffered I0/-M signal from the 8088 used to distinguish
memory and I/0 bus cycles.

Buffered DT/-R signal from the 8088 wused +to indicate
direction of data from the 8088 for a given bus cycle.

Signal which qualifies the address generated by the
microprocessor. The address qualification is needed primarily
for dynamic RAM circuits which cannot tolerate an assertion of
RAS or CAS on a false address. FPGO goes high at the
beginning of T2 and goes back low at the beginning of T4 of a
bus cycle. FPGO can also be used to terminate a bus write
cycle by having its falling edge used to clock data into a
register or other device on an accessory device in an option
slot. Terminating the writes in this way can provide better
hold timing than using FPNWRT.

This line can be asserted by the option modules or video
board through an open collector gate to insert wait states into
a bus cycle to provide sufficient time for a bus cycle access.

This 1line is asserted by the video subsystem <to generate an
interrupt to the processor. This interrupt occurs once every
frame. The signal can be monitored by the option slot
devices if desired.

This open collector interrupt signal has the same interrupt
priority as the datacomm controller chip on the processor
board as it shares the same input to the interrupt controller as
the datacomm controller chip does. This input can be asserted
by accessories for interrupt servicing.

System interrupt signal asserted by a device via an open
collector gate. This line can be used by options slots to get
processor service.



SHOLDA

FULLMEM

NSLOTSEL1

NSLOTSEL?2

NFB

NHB

NHSYNC

NVSYNC

TSCLK

TSDATA

TSSYNC

NTPMRD

NTPMWRT

FPNRST

NPFAIL

BATV

Hardware Subsystems
Synchronized hold acknowledge signal from the 8088. HOLD
is asserted by the mezzanine memory board.
Indicates which mezzanine memory board option is installed.
FULLMEM=0 if 128K RAM and FULLMEM=1 (it is pulled high by a
pull up resistor on an installed extension memory board) if
256K RAM is on the board. An accessory should not connect to
this signal pin.

Signal indicating an address within the 6UK block allocated +to
option module 1 has been generated by the 8088.

Same as NSLOTSEL1l but asserted when address within option module
2 address space is generated.

Video Full-Bright signal to sweep board.
Video Half-Bright signal to sweep board.

Horizontal sync signal from video board used by the processor
and sweep boards.

Vertical sync signal from video to sweep board.

Touchscreen clock signal.

Touchscreen data signal.

Touchscrzen sync signal.

Signal from CPU to read TPM status.

Signal generated by the processor card to handshake bytes of
data to the TPM.

Signal generated by processor board at power-on time to
initialize logic circuitry.

Signal generated by the power supply indicating power supply

output level stability.

These two connector 1lines carry current from the batteries
located on the wvideo board to circuitry requiring battery
back-up power such as the CMOS RAM and the CMOS real time
clock.
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PROCESSOR SUBSYSTEM

Overview

The HP 150 processor board is based on the Intel 8088-2 microprocessor. The
microprocessor runs at an 8 MHz clock speed and is configured for operation in
the minimum mode. The general architecture of the processor, memory, and I/O0
is depicted in figure 3-1. As shown in the diagram, the majority of the
circuitry is partitioned between three data busses: the memory data bus, the
I/0 data bus, and the external data bus.

I/0 Data Bus Datacomm Module Option|
Real Time Clock |

Interrupt Controller |

e +
| Memory Board |
Memory Data Bus ! |
e >| RCM |
| | Dynamic RAM |
| | CMOS RAM |
| ittt T T P +
|
| MEMORY BOARD
v
/1IN
| PROCESSOR - I/0 BOARD
|
|
O S g g Uy g S >
e kbl + | External Data Bus (to Front plane:
| | | Video, TPM and
| | | Option Modules)
| | |
| | I
I |----+
| 8088-2 | |
| | | Hommmm oo +
| | | Keyboard/Touchscreen |
| | | IP-IB |
| | | Baud Rate Generator |
| | +
| I
| I
I |

|
|
|
-------- >| Datacomm Protocol Chip]
|
|
I

Figure 3-1. Processor Board and Memory Board Block Diagram
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Memory and I/0 Mappings

The 1logic on the processor board and the other boards which exchange data
with the microprocessor are mapped into the 8088°s memory or I/0 space.
Section U4 depicts the memory and I/0 maps for the system. Note that I/O
addresses XX80 through XXFF are available for option module use. Also note
that "XX" can be any value.

Processor Board Block Diagram

Besides the 8088 microprocessor, the processor board contains a number of LSI
and MSI components which are used to interface with other subsystems, provide
communications with external devices, or perform specialized functions. The
block diagram in figure 3-2 shows the basic architecture of the board. This
section of the manual will detail the various subsections and components of the
processor board.
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to--mmmmm - +---mmmo- e e domommmmmo e > Mezzanine
ABUS | | | ABUS 0-7 | ABUS 0-19 Memory
8-11 | | | ABUS 12-19 | Address
ittt + | +-----eee- + $ommmmm e +
| Address | | | Address | | Address |
| Buffer | | | Latch | | Latch |
Fommmm - + | 4 + e T +
I | | |
A8-11 | | | AD 0-T7 A12-19 |
| | | |
Fommmmmm oo + | | Address/Data | AD 0-7 Mezzanine
| | | TP PR R et e > Memory
| | | | Multiplexed Bus Data
| I I |
| 8088 | | | T —— +
| | | | | |
| | | | |<<--->>| FPD 0-7 Front
| |€-==--mnmemm- tommmm - > |<-=-==o---- > Plane
| | | | |<<--->>| Data
I | | | | |
ittt + | | o +
| |
s ecmmecmmec e +
| AD O-7 | | AD 0-7 A12-19 |
| | 4 + it +
| ] | Address | | Address |
| || Latch | | Latch |
| | #---mmmm - + Fommmmm e +
| ] | FPA 0-7 | FPA 0-7,12-19 Front
| | | FPA 12-19 | ABUS 8-11 Plane
| Hemmmm——- L e DT o > Address
] $ommm - +
| P . P— + | 7201 |
| | MM58167 | | 81i6T |-------- >| |<----- >
| | Real | | Baud |-------- >| | Port 1
| | Time | | Rate | | |
| 4o + | Clock | | Generator| +----- |
| | | | | I o |Datacomm|<----- >
| | | Fomm—————— + o + | | | Port 2
| |<<-==->>] | I/0 Data Bus | X | tommmmme +
| <-=>| |<==mtmmmmmm R S —— TR >|
<<--aa] | | |
| | T T +
| I | | | 8259 (I | 9914 |
Hommmoo + | | I I | |<----- >
e ettt + | | Interrupt | | | | Control
| 8ok41 | | Controller| 4----- | HPIB |
| Keyboard/Touchscreen| | | | |
] Controller | dommmmme e + | |<=~-=-- >
Hmmmmmmmme oo + 0 I I | Data
Keyboard<---| |--->Touchscreen Interrupt Inputs Fommmm——— +

Figure 3-2. Processor Board Block Diagram
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Reset, CMOS Power, and Test Strap Logic

This set of miscellaneous circuits provide functions of an ancillary or
support nature to the more visible functions of the board to be described
later.

RESET LOGIC. The power-fail signal from the power supply (NPFAIL, J1-3k4) is
used by the system as a power-on-reset and a CMOS device standby operation mode
switch. NPFAIL is low when power is first applied to the system and goes high
no sooner than 75 msec after the power supply output voltages have
stablized at their specified values. When NPFAIL goes low due to the power
being disconnected from the power supply, it does so at least 500 usec before
the power supply output voltages go out of regulation.

CMOS POWER CIRCUIT The CMOS power circuit regulates current use by real time
clock and configuration CMOS memory between the batteries and the power supply
while the unit is switched on.

TEST STRAP LOGIC. If the test strap input is held low during execution of
manufacturing self-test, a failing test will be iterated until the failure
ceases or the input is brought high. This is intended to be a convenience for
servicing purposes.

Microprocessor System Architecture

The system microprocessor is an 8088. The clock frequency the 8088 is run at
is 8 Mhz. The 8088 is configured in the "minimum mode.” As it is not the
intent of this document +to review microprocessor basics, please refer to the
Intel 8088 data sheets and application notes for fundamentals on 8088 operation.
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BUS CYCLES

Address Generation. At the beginning of a bus cycle (memory or I/O access), the
8088 places the memory or I/0O address on its address and address/data pins.
The address is multiplexed with the data and some of the status information
so the ©processor board uses transparent latches to latch and buffer the
address generated at the beginning of the cycle. Address bits A8-Al11 are
not multiplexed so a non-latching buffer is used for buffering those four
signals. ALE (U211 pin 25) is the signal used to latch the address into the
latches.

Data Transactions. The 8088 does all data transactions through one of three bus
tranceivers. All the mezzanine memory board components are isolated by a
transceiver located on the memory board. All the I/0 devices (real time clock,
datacomm, baud rate generator, keyboard/touchscreen controller, HP-IB
controller, etc.) are on the I/0 bus which is separated from the 8088 by
another transceiver on the processor board. Any access not to the mezzanine
memory or the I/0 bus will default to the front plane.

Status Generation. The 8088 generates status information indicating the type of
bus cycle in progress. Control signals based upon these are generated by the
processor and are buffered and sent throughout the system to allow circuitry to
respond properly to read, write, memory, or I/0 cycles.

HOLD State. The 8088 will be put into a HOLD state by the mezzanine memory
approximately every 56 usec during dynamic RAM refresh.

System Timing and Control Logic

CLOCK GENERATOR. The 8284A clock generator is used to provide the system
clock 7or the HP 150 hardware. A 24 Mhz crystal provides the reference
frequency used by the 8284. The 8284 creates an 8 MHz clock which nominally is
high 33% and low 66% of the 125 nsec period. The 8284 also divides the 8 Mhz
clock by 2 to form the 4 Mhz signal used as the system clock for the 7201
datacomm controller, the 8116T baud rate generator, the 991LA HP-IB controller,
and the 8041A keyboard and touchscreen controller.

The 8284 also provides a reset output pin which is used as a basis for the
reset signals throughout the system hardware.

The -F/C input (pin 13) of the 8284 is at a logic O state which selects the
crystal oscillator as the source frequency for the 8284,

The 8284 is a part of the wait state insertion logic. The 8284 is configured
in the synchronous mode which affects some of the timing constraints the wait
state generator logic has. Wait state generation is described in the next
section.
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WAIT STATE GENERATION. The basic bus cycle for the 8088 consists of four 125
nsec clock periods during which the memory of I/0 address is generated by the
CPU followed by a transmission of data to or the reception of data from a
memory or I/0 device. The cycle can be extended by adding "wait states” to
the basic U4 clock cycle. The standard bus cycle is shown in figure 3-3.

|<-- ™ -n->'<—- T2 ——->|<—- T3 --->|<-- Y --->|

CLK | I I I o
(8 Mhz) | [ I I I
171
ALE [
\/ \/
READY / \

Figure 3-3. Standard Bus Cycle with no Wait States

The four clock periods are labeled T1 through Th for reference purposes.
The 8088 samples the READY input during the low clock period of T3. If it is
high at that time, no extra wait states are added. If it is low, a wait
state is added as shown in figure 3-k4. READY is sampled during the low
clock period of every wait state. Whenever it is sampled high, the wait
state is exited and the bus cycle goes into the Th state.

-=- T2 -->|<-- T3 --->|<-- TW --->|<-- TW --~->|<-- Ty --->|

CLK | I I I I

(8 Mhz) | I I [ [
N\ / \/

READY /\ / \

Figure 3-L4. Bus Cycle with Two Wait States

The READY input to the 8088 is driven by the RDY output (pin 5) of the 828k.
The 8284 has two inputs, RDY1l and RDY2 (pins 4 and 6), by which wait states are
controlled. Normally, wait states are added by RDY1l (NWAIT). RDY1 is sampled
at the falling edge of each clock, so effectively, the READY input of the
8088 is controlled by what the 8284 samples at its RDYl input just prior to
the beginning of T3 or just prior to the beginning of each wait state.

Some processor board logic exists to add a specific number of wait states to
certain bus cycles. Two wait states are added to the bus cycle when the 881k
or 8041 or 8116 are accessed by the 8088 and 9 wait states are added when the
real-time clock is accessed.
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A minimum of one wait state is added to every bus cycle when jumper W1 is
installed. (Access of devices requiring more wait states get the additional
wait states needed but one wait state appears in bus cycles on accesses of
devices whose decoding logic isn’t tied into the wait state generator.)
Installing W2 causes no wait states to be added for ROM access only.

Wait states may be inserted by other logic boards by asserting the NOCWAIT
line that is routed to the front plane option slots and video board connector.
As long as NOCWAIT is low, wait states will be executed by the 8088. Since
the NOCWAIT input goes into a synchronizing flip-flop the wait states added
by an option or the video board must be anticipated in a timely fashion.
The timing diagram in figure 3-5 illustrates wait state insertion and deletion
by an option card.

|<--- T2 -->|<-- T3 --->|<-- TH --->|<-- TW --->]<-- Y -—->|
(auto) (added)

Figure 3-5. Option Wait State Insertion

To put in an_additional wait state (there is one automatic wait state for
all over the front plane bus cycles) the option must assert NOCWAIT no later
than 2 clocks prior to the time the wait state is desired. Wait states are
exited 2 clocks after the next falling edge of CLK from the point where NOCWAIT
is deasserted. If an option is designed whose enable is qualified by FPGO
(described in the next section) wishes to put in a wait state, it must assert
NOCWAIT within: Teclk - Tfpgo - TsuTlh - 2Tpfp = 125- 38-3-20 = 64 nsec of the
falling edge or beginning of T3. (Tclk = clock period, 125 nsec; Tfpgo =
front plane GO delay; TsuT4 = 7UST4 data setup time, Tpfp = front plane
propagation delay.)

GO GENERATOR. The purpose of the GO generator is to provide a signal to
qualify the address generated by the 8088 on its address pins. The GO
generator indicates the beginning of T2, end of Tl within a bus cycle and the
beginning of Tuh. The address qualification is needed primarily for dynamic
RAM circuits which cannot +tolerate an assertion of RAS or CAS on a false
address. Another feature of the GO signal is that its deassertion is useful
for providing better hold margin timing on bus write cycles. A state machine
ig used to implement the GO generator. Basically, the machine inspects the
NWAIT signal and ALELCH. When ALELCH goes high, the GO generator brings GO
high at the next negative edge of the clock (beginning of T2). NWAIT is
monitored until NWAIT goes high. Two clocks later, GO is brought low (at the
beginning of T4) indicating the end of the bus cycle.
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The machine algorithm is:

I
|
oo + |
| | I (11, T1, ThH)
| I |
| I |
frmmm e + |
| |
L |
/ \ |
/ \ o I
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I GO } I (T3, TW)
o e + |
I
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Figure 3-6. GO State Machine Algorithm

The HP 150 utilizes an 8284 clock generator (READY generator) operating in
gynchronous mode. Therfore, the RDYl input of the 8284 (pin U4) must be
stable 35 nsec before each falling edge of the clock. The GO generator
circuit requires NWAIT to be stable 20 nsec prior to the falling edge. Thus,
meeting the 8284 specification meets the GO generator NWAIT timing requirement.
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The timing relationship between GO and the other system timing is portrayed in
figures 3-7 and 3-8.
J]<-- T1 --->|<-- T2 --->|<-- T3 --->|<-- TY --=>|

ck | 0 1 1
(8Mhz) |___ | || I____ | I____I |

Figure 3-7. Standard Bus Cycle with no Wait States
with GO Timing.

|<--- T1 -->|<-- T2 --->|<~= T3 --->|<-- TW --->|<-- ™ --->|

~| CLK

Go | |

Figure 3-8. Bus Cycle with One Wait State
With GO Timing.

The skew between GO and the falling edge of the clock should not exceed 20
nsec.

Interrupt Controller

The 8088 is capable of processing two types of hardware interrupts.
One type is the non-maskable interrupt (NMI) which is processed when the NMI
input to the 8088 makes a low to high transistion. This occurs when a hard
reset key sequence (CTRL-SHIFT-RESET) is issued by the user. The 8088,
after getting an NMI, will use the values in memory locations 8,9,A,B for
new code segment and instruction pointer values. This will cause the 8088
to vector to an interrupt service routine.
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The other type of interrupt processed by the 8088 is standard or maskable
interrupts. This type of interrupt is invoked by the INTR input of the 8088

going high. In response the 8088 will lower the NINTA or interrupt
acknowledge output twice. The second time NINTA goes 1low, the 8259A
interrupt controller will place an 8 bit vector on the data bus. This vector

will be a value from 0 - OFFH. The 8088 will start at the memory location
equal to 4 times the vector and load the content of that location and the next
three locations into the instruction pointer and code segment
registers and subsequently branch to the interrupt routine.

The 8259 has 8 inputs through which it accepts incoming interrupts
from various sources. When an interrupt request occurs by one or more of
the inputs IR0 - IR7T going high, it raises the INTR input to the 8088 high.
The 8088 in turn asserts NINTA two times. The 8259 will select one of the eight
interrupt input sources for processing and when the 8088 sends the second
pulse on NINTA, the 8259 will place a vector on the bus that corressponds
to the interrupting device that is to be serviced. Should several
interrupt requests come into the 8259 simultaneously, the 8259 chooses
which one is to be processed first and which ones subsequently.

The interrupts coming into the 8259 are prioritized as:

Highast priority IRO Video
IR1 Datacomm (7201 and front plane interrupts)
IR2 +5V (Video second level tasks)
IR3 Keyboard and Touch Screen
IR4 Front plane interrupts (lower level)
IRS HP-IB
IR6 (not used)
Lowest priority IR7T Real-Time Clock

The 8259 can be programmed to handle incoming interrupts in a number of

different ways. The system firmware puts it in the iAPX 86 mode,
level-triggered and non-buffered modes. The 8088 programs the 8259 by
writting various data bytes to it over the I/O Dus. The 8259 can be

programmed to ignore certain interrupts, handle incoming interrupts in a
particular order, or even to work as a polling device if desired.

The various ways the 8259 can be used are described in the 8259 data sheet and
application note available from Intel.

I/0 Devices

The I/0 bus has eight functional modules which exchange data with the
microprocessor. These modules are the 8259A interrupt controller, the MM58167A
real-time clock, the 8116T baud rate generator, the 8041A microcomputer which
controls +the keyboard and touchscreen, the 9914A HP-IB controller, 7201
datacomm controller, and logic pertaining to datacomm on the fixed port (port 2)
as well as the mezzanine datacomm board (port 1). Figure 3-9 illustrates the
I/0 bus modules.
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8088 Data Bus dommmmm e + Aeeeemeeeme- I +
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] | Interrupt | | Real-Time | | Baud Rate |
| | Controller| | Clock | | Generator |
P U - T +
| | I
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Touchscreen +---mmmom - +

Figure 3-9. 1I/0 Bus Device Block Diagram

1/0 DECODING. One or more I/0 ports are assigned to each device or module
on the I/O bus to provide the required communication path with the CPU. The
I/0 map (presented in Section 4) 1lists the port addresses assigned to each
device. An I/0 bus cycle (one that is not an interrupt acknowledge cycle) is
executed by the 8088 with the I0/-M signal high, the NSSO signal high and the
DT/-R signal low, or with I0/-M high, NSSO low and DT/-R high. During the I/0
cycle the lower 16 bits of the address bus carry the port address being
accessed. An OR and a NAND gate monitor BIO/-M, NSSO, and DT/-R to see
if an I/0 cycle is occuring. A 3-line-to-8-line decoder with a NOR gate
decode the address on the address bus and enable the 7201, the 9914, the
8041, the 8259, the 8116, or logic in one of the datacomm ports when an I/O
bus cycle is issued by the 8088 to access one of these devices. A NAND
gate, a NOR and an inverter are used to decode the addresses used by the
real-time clock chip.

KEYBOARD AND TOUCHSCREEN CONTROLLER. The interface between the 8088 and
the keyboard is provided by a single chip microcomputer, an Intel 80ul.
Additionally, the 8041 provides the interface to the touchscreen.

The 8041 interfaces to the 8088 over the data bus. Two I/0 ports are devoted to

it, ports 18H and 19H. The 8088 can send various commands to the 8041 while
the 8041 can send information such as a key number or a touchscreen report.
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Keyboard: The interface between the 8041 and the keyboard depends on the
synchronization of a hardware counter on the keyboard, and a software counter
in the 8041. With each key clock the 8041 sends to the keyboard, it
increments the software counter. It then checks the data line for status of
the currently addresed key. The contents of the software counter specify the
correct key address.

The KBDSYNC line provides a reset mechanism allowing the 8041 to put the
keyboard counter into a known state (count = 0). Thus the interface to the
keyboard is provided by three lines: KBDCLK from 8041, KBDSYNC from 8041, and
KBDDATA from keyboard. '

Touchscreen: The interface +to the touchscreen is essentially identical to
that for the keyboard. The most significant difference is that the touchscreen
drives the TSSYNC line. The 8041 must send clocks until the touchscreen
activates the TSSYNC 1line to determine the state of the touchscreen counter.
This provides a positive indication as to whether the touchscreen is
present. Again, +the interface is over three lines: TSCLK from the 80u1,
TSSYNC from the touchscreen, and TSDATA from the touchscreen.

Bell: The 8041 also provides the drive for the system bell. The on-board
timer circuit is used to select the frequency of +the bell tone.

Circuitry between the 8041 and the keyboard converts the TTL levels from the
8041 to 12 volt reference levels used on the keyboard. This is also true for
the touchscreen.

For a more detailed explanation of how the 804l interfaces to the keyboard and
touchscreen see "8041 Keyboard/Touchscreen Scanner”, which is discussed later in
this manual.

DATACOMM. The HP 150 hardware provides two independent datacomm ports.
These ports provide a full complement of signals and a large degree of
flexibility for the system firmware to take advantage of. A description of
these datacomm facilities is discussed later in this manual under "Datacomm
Subsystem”.

HP-IB CONTROLLER AND INTERFACE. The HP-IB controller used in HP 150 is the
TMS9914A which is capable of handling the talker and listener functions,
parallel and serial poll functions, and data handshaking functions required
to implement the HP-IB standard protocol. SN75160 and SN75161 bus
transceivers are used to interface the controller to the HP-IB bus.

The 9914 system clock is the 4 Mhz square wave generated by the 8284 (PCLK).
The 9914 has 8 I/0O addresses assigned to it by which the CPU accesses the
controller’s internal 14 registers to do HP-IF transactions.

The 9914 can also generate an interrupt to the system at interrupt
level 5 to receive CPU attention if the processor has enabled the interrupt
facilities. -INT, the interrupt output signal is an open-drain active low
signal which is pulled up and inverted for 8259 interrupt handling.
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REAL TIME CLOCK. The HP 150 uses the MM58167 CMOS real time clock (RTC). This
is a Dbattery backed up component as is the CMOS RAM on the mezzanine
memory board. When the main system power is turned off, the 3V battery and
the associated circuitry maintains approximately 2.5V at the power supply pins
of the CMOS parts.

The ’58167 is a versatile chip. It interfaces to the system with an 8 bit bus.
The RTC keeps track of the month, day of month, and day of the week as well
as the time in hours, minutes, seconds, tenth seconds, hundreths and
milliseconds. It is capable of producing repeated interrupts at the rates of
1/month, 1/week, 1/day, 1/hour, 1/minute, 1/second and 10/second. An alarm
feature allows an interrupt to be sent to the system at a designated time.

Several components external +to the chip are wused in the oscillator
circuit for the RTC. These include a variable capacitor which must be tuned for
accurate time keeping with this circuit. The suggested way to calibrate the
variable capacitor is to connect a frequency counter +to the interrupt
output of the RTC and program the chip to produce a repetitive 1 Hz
interrupt. Adjust C28, the variable capacitor, until the period of the pulse is
as close to 1 second as it will adjust to.

A number of components are used to create the final signals used to drive the
-RD and -WR inputs of the RTC. The ’58167 has some rather unusual address
and data setup and hold times that require the creation of special -RD and -WR
gignals to meet the RTC’s timing constraints.

NOTE

The millisecond register of the RTC is not very
accurate. It is not recommended for use in critical
time applications. \

The RTC interrupt status register cannot be polled!
The status register must be interrogated after
receiving an interrupt from the RTC. This is due to
a race condition that exists in the chip that can
cause an interrupt to be permanently masked if the
status register 1is interrogated at the time the
interrupt was about to occur. This implies that the
RTC must not have its interrupt output shared in an open
collector fashion with other devices unless it is
always the last device to be polled in an interrupt
service routine.

The RTC can continue to drive the data bus as long as
250 nsec after the -RD input is brought back high. A
restriction that we have in the HP 150 system is that a
read from the RTC cannot be followed immediately by a
write to any device on the I/O bus.
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VIDEO SUBSYSTEM

The HP 150 Video Board provides the alphanumeric and graphics displays. This
section of the manual describes in detail the workings of the board. The video
board interfaces to the rest of the system through thé front plane board. The
interface signals and connector pinouts are described earlier in this section.

Video Technology and Display Format

RASTER SCAN. The HP 150 uses a RASTER SCAN display technology in a
non-interlaced mode at a 60Hz refresh rate. The video is generated by
scanning the CRT (cathode ray tube) with an electron beam. Electrons
striking the phosphorous coating on the inside of the tube cause it to glow.
Characters are displayed using dot patterns traced out by the electron beam.

The HP 150’s display system consists of:

1. Video Board
2. Sweep Board
3. CRT

The Video Board stores alphanumeric and graphics information in display RAMs.
It then converts this information into a serial dot stream along with the
necessary control signals and sends them to the Sweep Board.

The Sweep Board is responsible for controlling the CRT. It transforms the
digital signals it receives from the Video Board into analog signals necessary
for manipulating the electron beam.

The CRT acts as a transparent screen, onto which information is displayed.
Electrons are generated in the back of the tube called the "electron gun."”
They are accelerated towards the front by the high voltage placed on the

inside of the tube by the Sweep Board. The horizontal and vertical
direction of the beam is regulated by a set of magnetic coils known as the
"Yoke." The Yoke receives analog control signals from the Sweep Board also.

See figure 3-10 for a block diagram description of the video system.

3-23



Hardware Subsystems

Horizontal Sync.
>
Filament
VIDEO Vertical Sync. SWEEP Yoke Control
BOARD —P BOARD
(DIGITAL) (ANALOG) High Voltage
Dot Stream RT
> C

Figure 3-10. Video Subsystem Block Diagram

VIDEO FRAME FORMAT. Figure 3-11 shows the CRT pattern for the ALPHA display
for one frame time. Part a) of the figure shows the begining of the frame when
the electron beam is traced from the upper left portion of the screen to the
lower right. Part b) shows the Vertical Retrace, when the beam is returned
to the upper left of the screen, thus getting ready for the start of the next
frame. For the sake of clarity, the following section refers to ALPHA
display only. The relationship between Graphics and Alpha will be explained
later.

Looking at figure 3-11, the following events take place during an ALPHA
display in one frame time:

1. The beam starts out at the top of the tube in the "Start Scan Lines" area.
The beam will not be allowed to turn on for the first 12 scan 1lines.
This area is blanked so that the Dbeam control signals coming from the
Sweep Board have a chance to settle down before active video display.

2. On the 13th scan line, the beam reaches +the active display area and
video data is displayed. Note that horizontal retraces are necessary
to bring the beam back to the start of the next scan line. During this
time, however, the beam is turned off.

3. After all of the 378 ALPHA scan lines have been displayed we enter
the 6 "Extra Scan Line" region, where the beam is blanked.
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4. We reach the end of the "Extra Scan Lines" and the Sweep Board receives a
Vertical Drive pulse, from the Video Board, telling it to do a

vertical retrace. In part b), we see the beam returning to the top of the
screen. The beam is blanked during the vertical retrace, so that we won’t
see the =zig-zag lines on the screen. (Note that horizontal retraces

continue while this is taking place).

One complete frame includes the following;

12 Start Scan Lines
378 Active Scan Lines
6 Extra Scan Lines
19 Vertical Retrace Scan lines

415 = scan lines per frame

Each scan line is divided into its active (displayable) part, and the blanked
(horizontal retrace) part as follows:

- 80 displayable character times
- 35 horizontal retrace character times
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Figure 3-11. Alpha Display CRT Scanning

ALPHA SCREEN FORMAT. Observing part a) of figure 3-12 we see that the alpha
screen consists of a matrix of characters 27 rows X 80 columns. From here
on, we will refer to them as Character Rows and Character Columns. Following

is a table describing the different areas of the screen:

Description Row Number
24 user rows 1-24

2 soft key rows 25-26

1 status row 27

27 rows = total displayable rows in one frame
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i: 80 Columns =i ’1— 9 Dots ————»

Character Cell

Scan
27 Lines

Figure 3-12. Alpha Character Matrix and Cell

DISPLAYING ALPHA CHARACTERS

(o}

The dot pattern for every character is stored in a Character ROM (Read
Only Memory).

Characters are displayed one scan line at a <time. For example, in order
to display one character row (80 characters), the following must be done:

1. Fetch the 1st scan line pattern of char #1 from the Character ROM, then
send it out to be displayed.

2. Fetch +the 1st scan line of the 2nd character, and send to the
display.

3. Repeat this until scan line 1 of all the 80 characters has been displayed.
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4. Now perform 1,2,3 again, but with scan lines 2 and again with 3, etc..
up to scan line 14 which completes the character row.
o To display the entire screen of 27 character rows the above steps 1-4

would be performed for each character row, a total of 27 times.

ALPHA CHARACTER CELL FORMAT. Part b) of figure 3-12 indicates the dot
matrix which makes up each character, known as the character cell. There are
14 scan lines of 9 dot columns in each cell.

The HP 150 character cell has the following components:

Row
1 XX XXXXXXX Note:
2 X00000O0O0KX x = inter row/column
3 X 00000O0OOX spacing
l X0000000X 0 = character dots
5 X00000O0OOX 8 = space
6 X000000O0KX cu = top half of double
7 X 0000000O0KX cursor, underline
8 X 00000O0O0X or underhang
9 X00000O0O0O0OX ¢ = bottom half of
10 X000000O0KX double cursor or
11 X 00000O0O0OXKX inter-row spacing.
12 XSS 8838 88X
13 cucucucuc
14 cecceccccecece
1234567809 : Columns

o Basic character cell contains the main body of the character called the
Character Font. (All HP 150 characters are in a 7X10 font.)

o Inter-row spacing is accomplished by blanking the first and last
columns of the character cell

o Scan line 11 is called the Print Line, on which lower and upper case
characters are positioned.

o Inter-column spacing is ensured by not putting character
information in rows 1 and 14. (Except on certain Roman Extention
characters where ascenders include row 1.)

o Underline occupies row 13

o Descenders reach down to row 13
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There are two types of cursors on the HP 150:

o The double scan line cursor occupies rows 13 and 14. It is a positive
cursor, which means that it is logical OR-ed with whatever dots that
may try to occupy the same row.

o The "Blob" cursor takes up the entire character cell. It is an
invertible cursor, which means that it will invert whatever dot pattern
that may be inside the cell.

o Both cursors are blinking types.

Refer to figure 3-13 for a character cell example. Here we see the letter "A."
As stated above, it takes up only a TX10 space, leaving room for
inter-character spacing. A few of the dots de not start at the beginning of
the designated dot position. These are shifted over by a half-dot position to
make the slanted lines look much smoother.

Summary of Video Rates

Frame Rate 60 Frames/Second

Scan line Rate 415 Scan Lines/Frame
Character Rate 115 Characters/Scan line
Dot Rate 9 Dots/Character

Multiplying the above numbers together will give a dots/frame rate of
25,771,500 (or 25.7715 MHz).
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Figure 3-13. Character Cell Example

ALPHA VIDEO ENHANCEMENTS, The HP 150 supports the following types of
enhancements:

~ inverse

- underlined

- blinking

- half-bright

- gecurity
(Only alpha information is blanked out.
It will not have any effect on other enhancements
in the same character cell.)

Any combination of the above enhancements may be defined for a character
cell.

3-30



Hardware Subsystems

GRAPHICS DISPLAY. Graphics display is stored on the HP 150 using a RAM array,
with each bit representing a graphics dot. The 8088 microprocessor writes the
dot information into RAM, while the GDC3091 (U38) Graphics Display Controller
fetches this information in a continuous manner. Every fetch involves the
reading of one word ( 2 bytes ) from RAM, and once the data enters the GDC3091,
it is serialized and shifted out at graphics clock rate. In this manner, all
graphics scan lines are displayed.

Graphics has a resolution of 390 vertical ¥ 512 horizontal dots. Graphics
dots are 1 1/2 times as thick horizontally as alpha dots. Since the Alpha
Display only has 378 scan 1lines, the Graphics Display area overlaps it by 6
scan lines on top and bottom oif the screen. Because they are wider, the 512
graphics dots take up more room than the 720 alpha dots, and graphics
overlaps alpha by about 16 grapics dots in the horizontal direction.
Although the two displays are concentric in the vertical direction, they
are slightly mismatched horizontally, as shown in figure 3-1k.

The physical size of the display is:

Type Horizontal Vertical
( mm ) ( mm )

ALPHA 150 116

GRAPHICS 160 120
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Physical Dimensions:
Graphics = 160mm x 120mm
Alpha =150mm x 116mm
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Figure 3-14. Display Specifications

Video Board Overview

The video board contains the digital logic used to display alpha and graphics
information on the screen. Alpha information is addressed from a plane separate
from graphics information. To do this, it performs the following functions:

1. Stores the information to be displayed in alpha and graphics RAM.

2. Produces an alpha dot stream.
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. Produces a graphics dot stream.

Mixes the two dot streams and sends the resulting control signals to the
sweep:

NFB not full bright
NHB not half bright.

. Provides deflection control signals used by the sweep.

NVSYNC vertical sync
HSYNC horizontal sync.

Figure 3-15 shows the major components of the video board and the flow of data
and control information between them. The following 1list provides a brief
description of each of these components.

1.

Processor Request and Wait Generation:
Decodes 8088 access to the alpha or graphics RAM producing signals used by
the RAM controllers. Also inserts necessary processor wait states.

Graphics RAM interface:
Interfaces the 8088 and the Graphics Display Controller Chip (GDC-3091) to
the graphics RAM.

Graphics RAM:

32K x 8 block of dynamic RAM which is used to store graphics
information. Because the graphics is a bit map display the information is
stored in that format. A portion of the RAM is also used by the alpha video
firmware to store variables.

Graphics Display Controller Chip:

Custom gate array graphics controller which retrieves data from the
graphics RAM and forms the graphics dot stream. Also provides graphics RAM
timing signals.

Alpha RAM controller:
Interfaces 8088 to the alpha RAM and to the SMC 9007 video controller. Also
interfaces the SMC 9007 to the alpha RAM.

Alpha RAM:
12K x 8 block of static RAM which stores the alpha information to be
displayed.

SMC 9007 Alpha Video Controller:
VLSI video controller which retrieves data from the alpha RAM and
provides display signals needed to generate the alpha dot stream.

Character ROM:

16K x 8 ROM which contains template for each alpha character. The ROM
contains eight character sets. Each set contains 128 characters.
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9.

10.

11.

12.

The
the
the
To

1.

Alpha character display hardware:

This hardware uses information from alpha RAM and the character ROM along
with signals from the SMC 9007 and generates the alpha dot character stream.
This stream does not include any enhancement information.

Enhancement decoding logic:
This hardware decodes the enhancement information. It produces signals used
by the mixing hardware.

Dot stream mixing hardware:
Mixes the alpha and graphics dot streams with the enhancement information to
obtain the signals NFB and NHB which are sent to the sweep.

Clock generation:
Produces various clock signals which are used by the other sections of the
board.

following discussion outlines the events which must take place to obtain
video dot stream and other signals sent +to the sweep. It also highlights
key points of implementation.

obtain an alpha dot stream the following happens:
The 8088 writes control information to the SMC 9007 to initialize the

controller. This establishes the VSYNC and HSYNC signals sent to the sweep
as well as the other control signals produced by the SMC 9007.

. The 8088 writes the characters and enhancements to be displayed to the alpha

RAM along with information needed by the SMC 9007 to retrieve the characters.

SMC 90007 retrieves data from the alpha RAM and latches it into discrete TTL
latches.

This data is used to address the character ROM and generate the enhancements
associated with the character.

The dot stream generated from the character ROM information and the
enhancement information is combined to form the alpha dot stream.

NOTES: 1. Accesses to the SMC 9007 and the alpha RAM by the 8088 are

3-3

synchronized to the SMC 9007 character clock. Also accesses by the
SMC 9007 to the alpha RAM are synchronized to the character clock.

2. 8088 and SMC 9007 alpha RAM accesses are time multiplexed within the

character clock. In other words, part of the character clock is
alloted to 8088 accesses and part is alloted to the SMC 900T7.
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To obtain the graphics display:

1. The 8088 writes information to be displayed into graphics RAM.

2. The Graphics Display Controller Chip retrieves the information and forms the
graphics dot stream.

NOTES: 1.

The signal which initializes the Graphics Display Controller Chip is
derived from signals generated by the SMC 9007. This means that the
SMC 9007 must be initialized before the graphics display is enabled
or the graphics RAM is accessed.

Accesses to the graphics RAM by the 8088 and the Graphics display
controller are syncronized to the graphics dot clock. The accesses
are also time multiplexed within each graphics cycle, where one
graphics cycle is 16 graphics dot clocks in length.

To obtain the sweep signals:

1. The alpha and graphics dot streams are combined using combinatorial logic.
This logic produces the NFB and NHB signals which are sent to the sweep.

2. The NHSYNC and NVSYNC signals are produced by the SMC 9007 and are buffered
before being sent to the sweep.

Notes on clock generation:

1. The 8 MHz system clock is used by the request and wait generation circuitry
to aid in sychronizig the 8088 RAM accesses to the video clocks.

2. All clocks on the video board are derived from a 25.7715 MHz crystal.
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KEYBOARD AND TOUCHSCREEN SUBSYSTEM
Keyboard

ELECTRICAL INTERFACE. The keyboard interfaces with the 8088 via an 8041
microcomputer that creates the timing signals needed for communications. Power
for the keyboard is delivered by the processor board through the keyboard cable.
The 8041 delivers a clock and sync signal to the keyboard while monitoring a key
acknowledge return signal from the keyboard on one of the 8041l’s timer inputs.

The following signals are connected to the connector jack on the keyboard:

Pin 1 ---------= SYNC = --==-c--mmmmmme-
Pin 2 ---------- N.C. 13 2 1 |
Pin 3 ---------- +12v | * * * | TOP VIEW
Pin 4 ---------- Ground | # # &
Pin 5 ---------- CLOCK | 6 5 L4 |
Pin 6 ---------- KEY (return |--------------- |

| l

A

| | Keyboard Cable Intry
Figure 3-16. Keyboard Jack Detail

The 8041l creats a CLOCK signal that is non-periodic that averages just under 5
KHz. The shortest time period is around 190 microseconds with a duty cycle near
50%. The SYNC signal (active high) is designed to reset the keyboard to a known
state with respect to the 8041. The KEY line is a return signal from the
keyboard telling the 8041 a key was depressed.

KEYBOARD OPERATION. The 8041 clocks the keyboard continually by pulsing the
CLOCK line and sends out a synce pulse on the SYNC line after all the keys have
been scanned. The sync pulse keeps the 8041 in sync with the keyboard.

After the 8041 delivers a sync pulse to a seven bit counter on the keyboard, it
resets it to zero. On the very next negative edge of the clock this counter
begins to count. The three least significant bits of the counter control the
inputs to an 8 to 1 multiplexer which monitors the 8 rows of the keyboard matrix
(each clock pulse causes the multiplexer to scan a different row). The four
most significant bits are controlling two BCD to decimal decoders which strobe
each column of the matrix. The inputs to the 8 to 1 multiplexer are pulled down
via a resistor. For a particular column address, an output of the decoders will
be high. If a key in that particular column is depressed, one of the eight
inputs to the 8 to 1 multiplexer will go high. As the least significant bits of
the counter count through all eight rows of that column, the output of the
multiplexer will go high when the row of depressed key is scanned. This logic
one signal is returned to the 8041 via a NAND buffer. The 8041 keeps track of
how many clocks were sent to the keyboard and can determine which key was
depressed when the logic one was sent on the KEY line since there is a
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one-to-one correspondence to the number of clock pulses sent and each key
switch.

Touchscreen

NOTE

The information presented here may be covered by one or
more Hewlett-Packard patents.

The touchscreen allows the determination of the X-Y coordinate of an object
touching the screen. This is accomplished by placing infrared emitters along
two sides of the grid, and photo-detectors along the other two sides, opposite
the emitters. By turning on each emitter and checking the output of the
opposite detector, it can be determined which pairs are blocked. A complete
scan of the pairs results in an image of the object, allowing the determination
of an X-Y coordinate.

MECHANICAL DESCRIPTION. The touchscreen consists of a printed circuit board
with a center cut-out. This mounts slightly in front of the CRT face, inside
the bezel. The infrared beams pass through holes in the bezel and across the
CRT face.

Connecting the touchscreen p.c. board with the terminal is one 10 conductor
cable. It plugs into the touchscreen board at the upper right hand corner, and
into the frontplane next to the sweep board connector.

For ESD protection, the inside of the bezel insert is coated with a conductive
paint. Contacting this paint is a spring clip mounted on the back of the upper
right corner of the board. This clip is bolted to the PCA and connects through
the pad to a quick disconnect on the front of the board. A ground cable runs
from the quick disconnect to the chassis.
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SPECIFICATIONS
Resolution: 27 rows by 40 columns

Power Consumption: +12V € TOma

Interface: 6 signals;
1. +12
2. ground
3. -12
4. TSCLOCK: should be driven with an open collector buffer

pulled up on the T.S. board to 10 volts.
(Period of 1.4 milliseconds or greater.
active low, low time to be > 1.5 microseconds
and less than 10 microseconds.)

5. TSDATA: high output is 10 volts.
(Data out, low indicates that the currently
addressed pair is interrupted. High
indicates that the pair is unblocked.)

6. TSSYNC: high output is 10 volts.
(Synch out, active low, indicates that the
ts counter is currently on 37 (43 base 8)
and will roll over to zero on the next
clock.) '

Connector: J1 10 pin connector with key.

e

11 16 !
1o+12 1 +12
! ! !
R R !
12 17 !
| TSDATA ! +12 !
[} 1 | P,
P P Lo
13 18 Lk
! -12 ! GROUND ! e !
! ! Ly !
fommmmmmem R Lo
1Y 19 f-mm-
| TSSYNC ! TSCLOCK !
[ [ 1
P — P !
15 110 !
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TIMING
| 1.4 ms min | | | <- 1.5 micro sec min
| no max | | | <- 10 micro sec max
tsclock \_/ \_/ \_/ \_/
count 33 \/ 3b \/" 35 \/36\/ 0 0
/\ /\ /N\_/\
tssync \ /
tsdata __/— \ uuu /.
unblocked blocked bad emitter undefined unblocked

o Delay from falling edge clock to data valid = 0.8 msecs maximum.

o No pair exists at decimal count 21, thus data will always be high at this
count.

INTERFACE DESCRIPTION. In the HP 150, a single chip microcomputer, an 8041,
provides the interface to the touchscreen. Within the 8041, a software count is
synchronous with the touchscreen hardware counter. As the 8041 sends clocks to
the touchscreen, it increments this software count and checks the data line.
When the data shows a blocked pair, the software count specifies which pair is
blocked. By keeping track of which pairs were interrupted in a scan cycle, the
8041 can determine if a valid hit has occurred. If so, the hit is reported as
one of 27 rows and one of 41 columns. (0-26, 0-Lk0).

The general scheme for this is as follows:

1. While sync not active send clock (*synchronize count*)
2. Set count = 00
3. For count = 0 to 36

send clock

wait 1.4 milliseconds

check data

if data = block store count

end
Check synch
If synch is not active then error - GOTO step 1
else check blocked count numbers for a valid hit
If valid hit then report to system processcr
GOTO step 2.

~ O \S I g
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Valid Hits: At least one interrupted pair in the column range and at least one
interrupted pair in the row range. More than one pair, in row or column space,
is okay as long as the multiple, interrupted pairs are adjacent. (Example: pair
3 interrupted, and pair 5 interrupted is an error condition.)

No Hit: This would be a scan cycle which finds no pair interrupted.

Error Conditions:

1. An interrupted row pair, but no interrupted column pair.
2. An interrupted column pair, but no interrupted row pair.

3. Multiple hits: If any two interrupted row pairs are separated by one or more
uninterrupted pairs. Likewise for columns (i.e., two distinct objects are
touching the screen).

4. Out of synch: At the end of a scan cycle, the synch should be active. If
this does not occur, a reset should be done.

If an error condition is found, no hit is reported.

RESOLUTION VERSUS NUMBER OF PAIRS. The resolution of the touchscreen is
greater than the number of pairs used. This is accomplished by averaging the
data. That is, if two adjacent pairs are interrupted, the row or column between
the two is the one desired. Thus the resolution is effectively doubled, except
for edge effects.

This requires that the distance between the adjacent pairs be less than the
minimum stylus diameter.

Thus, if any single row or column is interrupted, that is the one desired. If
an even number of adjacent beams are interrupted, the result is the center,
’half’, address. If an odd number of pairs are interrupted, the result is the
center beam.

PAIR ADDRESS TO ROW, COLUMN NO. CONVERSION. The pairs are positioned above
and below the CRT as follows:

—— 1 2 3 Y 5
3210123456789012345678901234567890123L45678901234567890123456789
X X X X X X X X X X X X X X X X

0o 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15

Column Ko. 6 7 8
012345678901234567890

X X X X X
Pair No. 16 17 18 19 20

Thus, across the top, the pairs are positioned every fourth column. This leads
to a resolution of 40 vertical divisions, each division = 2 columns.
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The pairs are actually offset to the space between 2 adjacent columns, starting
at the space between columns -2, -1 and repeating every fourth column until the
space between column 78, 79. This causes an offset which should be corrected at
the system processor level. The effect is that the 8041 will report column
pairs in the range 0 to 40. This is one more division (two columns) than on the
display. To correct for this, the following should be done:

Multiply the column report by 2 => changes range from 0-40 -> 0-80
Subtract 2 => changes range from 0-80 -> -2-78
If negative then set result=0 => changes range from -2-78 -> 0-78

This corrects for the offset of the touchscreen hardware with respect to the
display.

The pairs are positioned along the sides of the CRT as follows:

T.S. Display

Pair Row
0 0
1

1 2
3

2 4
5

3 6
T

L 8
9

5 10
11

6 12
13

7 1L
15

8 16
17

9 18
19

10 20
21

11 22
23

12 24
25

i3 26

The rows are a straight forward mapping of the row number reported by the 804l
into the rows of the display. The report need only be multiplied by 2.
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8041 Keyboard/Touchscreen Scanner

A description of the operation of the 8041 peripheral processor used to scan the
keyboard and touchscreen follows. A complete description of the commands used
to control the 8041 is included.

NOTE

The information presented in this manual with respect to
the touchscreen may be covered by one or more
Hewlett-Packard patents.

BLOCK DIAGRAM. The keyboard and touchscreen are both scanned by an 8041
peripheral processor.

| |
| HP 150 |
| FIRMWARE |
| |
I
|
|
| I |
| | |
| I |
| | | | |
| | I I |
| STATUS COMMAND DATA |
| REGISTER REGISTER REGISTER |
| (A0=1) (A0=1) (A0=0) |
| Read Only Write Only Read Only |
| (0019H) (0019H) {(0018H) |
| |
| |
| KB KB KB TS TS TS |
| RESET CLOCK DATA SYNC CLOCK DATA |
| P17 P10 T1 TO P23 P22 |
| I
| | /1\ /1\ | /1\
| | I | I |
\l/ \l/ I \/ |

I
I
KEYBOARD I TOUCHSCREEN
I
I
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STATUS REGISTER (I/0 PORT 0019H). The 8041 status register contents are
obtained by reading from the 8041 at I/0 port address O0019H. It has the
following format:

Bit Interpretation

7T-4 Four status bits controlled by the 804l
program. These are used to qualify the
data values sent to the HP 150 processor
by the 80u41.

3 Fl flag. Used internally by the 8041.

2 FO flag. Used internaily by the 80h1.

1 IBF flag. Set when the HP 150 processor
writes to the 8041 and cleared when the
8041 accepts the data.

0 OBF flag. Set when the 80L1 has data

available for the HP 150 processor and
cleared when the host reads from the
8041 with AO = O.

INITIALIZATION. The following actions will leave the 8041 in its initialized
state:

o Power on

o Hard reset from keyboard

o Hard reset command from HP 150 processor

o Initialization command from HP 150 processor

After initialization, the 80L41 will not scan the keyboard or touchscreen until
an '"enable scanning” command is given. About 200us after initialization
commences, status bits 7-4 will be 0001 if the reset was from power-on or 0010
otherwise. The initialization continues and attempts to synchronize with the
touchscreen. The entire initialization takes un to 100 ms.

The recommended start-up procedure for the 8041 after any of the four
initialization actions listed above is:

1. Wait 100 milliseconds for the 8041 to initialize itself and check the
touchscreen.

2. Send self-test command and wait for results to come back.
3. Send indentify keyboard command and wait for results to come back.

4. Enable scanning.
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8041 COMMANDS (I/0 PORT 0019H). These commands must only be written to the
command buffer of the 8041 (I/O port 0019H).

Command Code Function
08H Stop bell immediately. Next bell will function normally.
10H Release interrupt line. 8041 will negate its interrupt

request to the host.

20H Hard reset. 8041 will assert its reset output to the HP 150
processor and initialize itself to power-on state with the
exception of 8041 status flags (see preceding discussion on
8041 status register). Scanning must be re-enabled for
keyboard or touchscreen input.

21H Identify keyboard. 8041 will respond with either TFH or FFH
depending on whether the keyboard identification diode is
present or not. The 8041 generates an interrupt to the host
when the ID is ready. Status bits 7-4 will be 0000 if
touchscreen is defective and non-zero if the touchscreen is

working.

22H Keyclick off. 8041 will not make keyclick sound when keys
are pressed.

23H Keyclick on. 8041 will make keyclick sound.

24H Enable Scanning. After power-on or hard reset, 8041 will not
scan keyboard or touchscreen until command is given by the
host.

25H Initialize 8041 to power-on state except for status flags.

Scanning must be re-enabled by HP 150 processor for keyboard
or touchscreen input. This command does not reset the HP 150
processor.

26H Self-test 8041. The 8041 will test its RAM and ROM and
respond with FOH if it passes or F8H if it fails. No HP 150
processor interrupt will be generated; the status register
must be polled until data is available.

28H Stop key repeat. Any key on the keyboard will auto repeat
after 500 ms if held down. If the HP 150 processor does not
want the current key to auto repeat, it must send this
command to stop it.

2AH Disable hard reset. This command will disable the hard reset
that is initiated by the control/ shift/reset combination.

2BH Enable hard reset. This command enables the keyboard hard
reset. (Default)



30H - 3FH

4OH

60H

Hardware Subsystems

Beep bell. The bell duration is about 100 ms and its period
is determined by the lower four bits of the command code.
With a 5 MHz 8041 clock, the frequency is about 290 Hz for
30H and about 1.7 KHz for 3FH.

Do one keyclick immediately. Ignored if keyclick is
disabled.

Touchscreen detector pairs report. This command is used to
determine if any LED/Transistor pairs appeared to be blocked
or bad during initialization. Two data bytes are always
returned after this command is given. If either or both are
not OFFH, then their values are the addresses of the blocked
pairs. If both are OFFH, then there are no blocked pairs.
No interrupt is generated for these two bytes; the 8041l must
be polled for them. This command must be given after
initialization and before scanning is enabled because it will
interfere with the interrupt system if the 8041 is attempting
to report keycodes.
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Table 3-1. 1Ired vs. PT

Decimal Address Address Ired Photo-Transistor

Count Hex Octal CR_ Q-
0 00 00 36 21
1 01 01 35 20
2 02 02 34 19
3 03 03 33 18
4 ok o4 32 17
5 05 05 31 16
6 06 06 30 15
7 07 o7 29 1k
8 08 10 28 13
9 09 11 27 12
10 0A 12 26 11
11 0B 13 25 10
12 0oC 1y 2y 9
13 0D 15 23 8
14 OE 16 22 T
15 oF 17 21 6
16 10 20 20 5
17 11 21 19 4
18 12 22 18 3
19 13 23 17 2
20 14 24 16 1

21 15 25 blank blank
22 16 26 2 22
23 17 27 3 23
24 18 30 4 24
25 19 31 5 25
26 1A 32 6 26
27 1B 33 7 27
28 1C 34 8 28
29 1D 35 9 29
30 1E 36 10 30
31 1F 37 11 31
32 20 40 12 32
33 21 b1 13 33
34 22 h2 14 3L
35 23 43 15 35

36 2y Ly reset reset
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KEYBOARD AND TOUCHSCREEN DATA INPUT (I/O PORT 0018H) When data is
available as a result of key presses or touchscreen touches, the 8041 will write
to its output register and signal an interrupt request to the HP 150 processor.
Data is buffered one byte deep in the 8041. If the previous byte written by the
8041 to its output register has not been read by the HP 150 processor, it will
wait. Otherwise, it will resume scanning. Bits 7-4 of the status register are
valid when the data register is valid. They are used to indicate the type of
data available. The status values are:

0000 Key address. If bit 7 of the data byte is O, the

key was depressed, else the key was released.
Exception: If the data is in response to an
Identify Keyboard command, then 0000 means the
touchscreen is not connected.

0001 - Power on (valid until first write).

0010 - Reset (valid until first write).

0011 - Touchscreen release code. Data is O.

0100 - Touchscreen row address. Same as screen row.

0101 - Touchscreen column address. Same as screen column/2.

1000 - Calculator command is complete. Data is 0 if
command was not read from calculator.

1111 - Only occurs after Identify Keyboard command; indicates
that touchscreen is connected.

NOTE

These status bits are valid only when data is available
(OBF flag = 1). The only exception to this is the
power-on/reset status which become valid 200
microgseconds after reset or power-on and remains valid
until the first write to the 80U1.

After reading the 8041 data register, the host MUST send a release interrupt
command to the 8041 to acknowledge receipt of the data. (Except for self-test
results and touchscreen bad pair addresses, which are reported without setting
the interrupt lines.)

Data from the touchscreen always comes in pairs of bytes, each row address will
be followed by a column address. As soon as the touchscreen scanner completes a
scan without any touches, the 8041 will report a touchscreen release code.
Touchscreen row/column reports will be generated each time a new touched
position is detected. The only way that the same position can be reported twice
in a row, is when the screen is released bhetween touches. In this case, a
release code will be sent between touch reports.
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DATACOMM SUBSYSTEM

General Description

The data communication (datacomm) electronics of the HP 100 Series Personal
Computer allows the computer to communicate with other computers, mainframes, or
peripherals via a serial data stream. The HP 150 has two serial EIA Standard
RS232C (CCITT V.22) datacomm ports; Port 1 which is designed for communication
with other computers either directly or using a modem, and Port 2 which is
designed primarily for use with peripherals such as RS232C printers, but also
can be used for computer communications.

The principal components in the datacomm circuit are the baud rate generator
chip and the serial controller chip, both of which are on the I/0 bus of the
8088. The baud rate generator chip supplies the timing needed for data
gserialization for both ports independently and the Multiprotocol Serial

Controller chip (MPSC) controls both of the datacomm ports. During
communications, the 8088 writes and reads 8-bit data to and from the MPSC
which serializes or deserializes the data from the proper port. The rate of

data serialization is governed by the timing sent to the MPSC by the baud rate
generator.

RS232C/422 Datacomm Module Connector

A 36 pin connector, J3 on the Processor PCA, interfaces the RS232C/422
datacomm module to thz system. The connector signals are:

1. +12v 13. N.C. 25. DATA T
2. +5V 14. NBRD 26. DATA 6
3. NRxC(1) 15. GND 27. DATA 5
4. NRR(1) 16. --- 28. DATA 3
5. GND 17. --- 29. DATA 1
6. RD(1) 18. --- 30. x16 CLK(1)
7. NTR(1) 19. -12v 31. NSELB
8. GND 20. +5V 32. NWRT
9. DATA 4 21. NTxC(1) 33. NRST
10. DATA 2 22. NCS(1) 34, ---
11. DATA 0 23. NRS(1) 35. ---
12. GND 24. SD(1) 36. ---
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The numbering scheme for the connector goes from 1 through 36 with pins 16,
17, 18, 34, 35, and 36 undefined and physically absent on the 36 pin
connector. The signals are defined as:

DATA 0 - The eight bit interconnect to the 8088 I/0 bus.
DATA 7

NRxC(1) Receive timing input to the 7201 datacomm controller
NTxC(1) Transmit timing input to the 7201 controller
x16 CLK(1) Baud rate generator output

NRR(1) Receiver Ready
NTR(1) Terminal Ready
NCs(1) Clear to Send

SD(1) Send Data

RD(1) Receive Data
NRS(1) Ready to Send
WRST System Reset
NBRD 8088 read cycle
NWRT 8088 write cycle
NSELB (not used)

Baud Rate Generator

The baud rate generator used in the HP 150 is the SMC 8116T Dual Baud Rate
Generator which can supply two independent baud rates based on a single
input clock. It consists essentially of a pair of programmable dividers
using an input frequency of U4 MHz. The user defines a baud rate which the
8088 translates into an 8-bit value which is written into the 8116T at 1I/0
address XXOC hex, the most significant U4 bits of which set the baud rate for
Port 2 and the least significant U4 bits set the baud rate for Port 1. The
timing outputs then connect to the proper port or channel timing inputs on the
MPSC.

The 8116T, in this application, generates clock frequencies for asynchronous
data communications only. Asynchronous communication requires that the input
clock frequency be 16 times the transmission baud rate, e.g. for a baud rate
of 300 baud, a clock frequency of UL.8 KHz is required to serialize and
deserialize the data. See the "Memory and I/0 Mapping" section of this manual
for 8116T programming information.

The clock frequencies for Port 2 tie directly into the Transmit and Receive
clock inputs of the MPSC and are always the baud rate times 16.
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The clock frequencies for Port 1 go to the datacomm interface for Port 1 and
into a multiplexer, the outputs of which tie to the Transmit and Receive clock
inputs of the MPSC. The multiplexer allows the selection of the 8116T clock,
the +times-one clock, or the Send timing clock as the Transmit clock input to
the MPSC. It also selects the 8116T clock, the times-one clock, or the Receive
timing clock, respectively as the Receive clock input to the MPSC. A latch
drives the mulitplexer select inputs and is accessed by writing the bit patterns
as described in the "Memory and I/0 Mapping" section of this manual.

The times-one clock is derived by dividing the 8116T clock output by 16 giving
a clock of the same frequency as the transmission baud rate. This clock is
available to support some modems which require a times-one clock for data
transmission. Even though the Transmit and Receive clocks may be configured to
use the times-one clock, the communication protocol always assumes asynchronous
communication. :

Multi-Protocol Controller

All of +the data communications in the HP 150 are controlled by the MPSC,
which is a dual-port communications chip. Channel A on the chip controls
communication to Port 1 while channel B controls Port 2. The chip is capable of
being configured to do all of the data serialization and deserialization,
gtop/start bit insertion and deletion and parity bit insertion and
deletion. The chip also controls standard communications status 1lines on
each port through internal registers such as Terminal Ready (TR) (CD), Clear
to Send (CS)(CB), Receiver Ready (RR)(CB), and Request to Send (RS)(CA). The
data is transmitted from each port on the Send Data line (SD)(BA) and received
on the Receive Data 1line (RD)(BB). The data received or transmitted is
accessed by the system CPU by addressing the data register for the proper
port. The chip also provides a FIFO three-byte receive buffer to prevent
incoming data overrun.

The chip is also capable of interrupting the CPU upon receipt or transmission
of a character. The Interrupt Request output is tied to the second priority
interrupt input of the interrupt controller. This is an open-collector output
and is shared with the open-collector datacomm request line coming from the
accessory slots (NDCOCINT). In addition to interrupts on character
transmissions, the MPSC also generates interrupts on parity errors and changes
in status of the communication control line inputs, freeing the CPU from polling
these on each character transmission.

The internal logic of the MPSC chip (aside from transmit and receive logic) runs
on the system 4 MHz clock (PCLK) and the chip is reset by system resets (NRST).
The Transmit and Receive clock signal inputs used for channel B (Port 2) are
tied together and are always derived from the baud rate generator times-16
clock. The Transmit and Receive clocks for channel A are driven independently
from the Port 2 interface circuit (see Baud Rate Generator). The chip’s Ready
outputs for synchronization With the CPU are not used since this function is
accomplished by always asserting an extra cycle in I/0 accesses which should
satisfy access times for this part. The MPSC alszo has Interrupt Priority
inputs and outputs which are not used in this system.
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Communications Interface Circuitry

The circuitry interfacing the MPSC to the communications circuitry consists
primarily of line drivers (MC1L88) and receivers (MC1489) which convert the
MPSC TTL levels to RS232C transmission levels (+12V/-12V). The RS232C standard
requires that driver outputs must not exceed a slew rate of 30 volts per
microsecond. All driver outputs are tied to a2 U470 pf capacitor which provides
an effective slew rate of 21.3 volts per microsecond maximum (assuming
short circuit current). The receiver gates (MC1489) have "response control"
inputs which allow filtering of high frequency noise pulses. The U470 pf
capacitor used should filter noise faster than 100 ns in the 12V range. Both
Port 1 and Port 2 use these parts for interfacing to the communications
channel. The signal interconnection for both ports is shown in table 3-2.

Table 3-2. Datacomm Interconnect List

* Represents RSL22 signal.

| Connector pin | Port 1 I Port 2 |
| | Signals | Signals |
| | | |
| 1 | Shield(AA) | Shield(AA) |
| 2 | SD(BA) | SD(BA) |
| 3 | RD(BB)/RD.A* | RD(BB) |
| Y | RS(CA) | RS(CA) |
| 5 | Cs(CB) I Cs(CB) |
| 6 | DM(cC) | DM(CC) |
| 7 | SG(AB) | SG(AB) |
| 8 | RR(CF) | RR(CF) |
| 9 | SD. A% | |
| 10 | SD.B*® ! |
| 12 | OCR2(SCF) | OCR2(SCF) |
| 15 | ST(DB) | |
| 17 | RT(DD) | |
| 18 | RD.B* | |
| 19 | ocp2(sca) | ocD2(scA) |
I 20 | TR(CD) | TR(CD) |
| 22 | OCR1(CE) | OCR1(CE) |
| 23 | ocD1 (CH} | OCD1(CH) |
| 2k | TT(DA) | |
| | | |
| |
| |
| I
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The control lines OCD1l, OCD2, OCR1l, OCR2 and DM are not connected directly to
the MPSC, but are tied to the CPU data bus through handshake capability with
certain kinds of equipment that require them (e.g. printers, modems, etc.) and
are all available on both ports. I/0 ports 14H and 16H access these control
lines on Ports 1 and 2 respectively as described in the "Memory and I/0 Mapping"
section of this manual.

Port 1 differs from Port 2 in two major respects; Port 1 contains timing
signals on the RS232C interface as well as RSL22 signals on pins that are not
used by RS232C in most HP applications (those pins are reserved for Data Set
Testing in the RS232C definition). The +timing =ignals added are Transmit
Timing (TT)(DA), Send Timing (ST)(DB), and Receive Timing (RT)(DD). The Send
and Receive timing signals allow an external device to drive the MPSC clock
inputs for serialization. The Transmit Timing signal is always the same as the
MPSC input tranmission clock.

The RSL22 interface consists essentially of a differential driver and receiver
(75179) in place of the RS232C drivers. These drivers transmit and receive
differential voltages with respect to the opposite signal line as opposed to
referencing ground. Note that the RS232C signal RD(BB) and the RSL22 signal
RD.A are shared in this application. This is accomplished by pulling down the
opposite driver input to create the proper translation to TIL level signals
when the RS232C cable is connected. The selection between RS232C and RSU22 is
simply a matter of connecting the cable which connects to the proper signals.
Since the receive signal comes into the same gate and the transmit signal
drives both interfaces in parallel, the difference is transparent to the MPSC.
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MEZZANINE MEMORY SUBSYSTEM
Mezzanine Memory PCA

PCA Overview

The HP 150 mezzanine memory PCA (assembly 45611-60006) houses ROM, dynamic
RAM, CMOS RAM, and system status LEDs on a PCA in a mezzanine position between
the processor and video PCAs. The PCA is supported by four standoffs mounted
on the processor PCA and electrically interfaces to the processor PCA through
a 60 pin connector. The block diagram of the PCA is shown in figure 3-18.
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Connector Signals

A 60 pin connector, J2 on the Processor PCA, connects the ROM and user RAM
to the rest of the system. The signals on the interface are listed below:

Mezzanine Memory Connector Signals

60.
59.

NSLOTSEL1 30. +5V
ABUS 11 29. ABUS 19
NSLOTSEL2 28. ABUS 9
ASCHOLD 27. NPWRDN
AD1 26. ADO

AD3 25. AD2
AD5 2h.  ADY
AD6 23. DT/-R
ABUS 5 22. ADT
ROMSEL 21. ABUS 16
ABUS 17 20. ABUS 14
ABUS 18 19. RCLK
ABUS 12 18. ABUS 13
NCMOSSL 17.  NCMSWRT
ABUS b4 16. NXR1
+5V 15. GO
FULLMEM 14, +5V
+5V 13. BDEN
ABUS 7 12. CMOSPWR
GND 11. GND
+5V 10. GND
GND 9. NRWRT
NCMSOE 8. SHOLDA
ABUS 5 7. ABUS 6
BIO/-M 6. NBRD
ABUS 8 5. ABUS 10
+5V . ARBUS 3
ABUS 1 3. GND
NRST 2. NMSEL
ABUS?2 1. ABUSO

The mezzanine memory PCA connector signals are described below:

ABUS 0-19

AD O-7

The demultiplexed 20 bit address generated by the
8088 during a bus cycle.

Least sgignificant 8 bits of the multiplexed

data/address bus. Data is transferred to and
from the memory PCA over these lines.
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NSLOTSEL1

NSLOTSEL2

BCLK
BIO/-M
DT/-R

BDEN

NRWRT

ASCHOLD

SHOLDA

NMSEL

NXR1

ROMSEL

FULLMEM

RMEMRST
NCMOSSL
NCMSOE

NCMSWRT

CMOSPWR

3-58

Signal indicating an address within the 6L4K block
allocated to accessory module 1 (90000H - 9FFFFH) has
been generated by the 8088.

Same as NSLOTSEL1 but is asserted when the address

is in the address space allocated to accessory module
2 (AOOOOH - AFFFFH).

Signal which qualifies the address generated by
the 8088. GO goes high at the beginning of T2 and
goes back low at the beginning of T4 of a bus
cycle. .

Buffered 8 Mhz system clock.

Buffered 10/-M signal from the 8088.

DT/-R from the 8088.

Inverted and buffered -DEN signal from the 8088.
Buffered -RD signal from the 8088.

Buffered -WRT signal from the 8088.

Asynchronous HOLD request generated by the memory
PCA and sent to the 8088.

Synchronized (with the 8 Mhz clock) HOLD
acknowledge from the 8088.

Signal if high prevents write to dynamic RAM.

Transceiver control signal generated by memory
PCA.

ROM access indicator which causes the processor
PCA to eliminate wait state on the bus cycle.

When high indicates 256K RAM loaded on the memory
PCA. When low indicates 128K RAM loaded. (A
pull-up resistor external to the memory PCA is
used to pull high.)

System reset line for the memory PCA.

CMOS RAM select line active low.

CMOS RAM output enable active low.

When low causes a write into CMOS RAM.

Battery backed-up power source for the CMOS RAM.
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NPWRDN Goes low to indicate an imminent power interruption
to the system and puts the CMOS RAM into the
standby mode.

ROM

ROM DECODING. Five 32K x 8 ROMs contain the system firmware used by the PC.
These ROMs are located in the memory map as follows:

ROM Memory Address
(ROM 5) OF8000H - OFFFFFH
(ROM 4) OF0000H - OFTFFFH
(ROM 3) OE8000H - OEFFFFH
(ROM 2) OEOOOOH - OETFFFH
(ROM 1) OBOCOOH - OBTFFFH

For a particular ROM to be selected, an address within the memory space
allocated to it must be generated by the 8088, <the 8088 control signal
I0/-M (becomes BIO/-M after buffering for the memory PCA) must be low, and
NBRD (buffered read strobe control signal fromn the 8088) must be asserted
(active low). The decode circuitry for ROMs 2,3,4, and 5 decode address lines
ABUS 19, 18 18, 17, 16, and 15 when BIO/-M is low and assert the chip select
input of the ROM whose contents is at the address generated by the processor.
The 8088 receives data from the memory (or writes to RAM or the LED register)
through a transceiver on the memory PCA. This transceiver is enabled when ROM,
CMOS RAM, dynamic RAM, or the LEDs are accessed.

WAIT STATE DISABLE. Every bus cycle (memory or I/O operation) of an 8088
consists of four system clocks unless logic external to the 8088 dictates
that the cycle be extended by some integer number of additional clocks. The
wait state generation circuitry on the processor PCA inserts a minimum of 1
additional clock period into all bus cycles unless a ROM access is being made.
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ROM TIMING. The memory address from the 8088 becomes available to the memory
PCA 85 nsec after the beginning of Tl. The propagation delays until data is
available to the processor is as follows:

ROM 1 Access ROMs 2-5 Access
address valid 85 nsec address valid 85 nsec
chip select delay 31 nsec chip select delay 29 nsec
ROM access time 200 nsec ROM access time 200 nsec
buffer delay 12 nsec buffer delay 12 nsec
connector delay 2 nsec connector delay 2 nsec

total delay 330 nsec 328 nsec

The cycle is 375 nsec long (Tl + T2 + T3). The data setup time for the 8088
is 20 nsec. Therefore, the data read margin is 375- 20-330 = 25 nsec. Note that
the output enable inputs to the ROMs have been asserted worst case 120 nsec
after the beginning of Tl so that ROM address access time, mnot ROM output
enable time, is the limiting factor in ROM access timing.

Slot Selection Generation

The HP 150 package provides two PCA slots for handling optional module PCA
devices. The HP 150 architecture provides a flexible interface to the accessory
slots. Accessories can be accessed through either memory or I/0 access (see
memory and I/0 maps).

I/0 addresses XX80 through XXFF have been reserved for accessory module use.
This provides 128 I/0 ports that can be decoded and used for processor and
auxiliary device intercommunication. The most flexible arrangement that can be
used for accessory module device interfacing to the 8088 is the memory
mapped interface with slot select. A memory address within the 90000 - 9FFFF
range causes Slot Select #1 on the front plane connecting to the external
module slot #1 to be asserted and an address within A0000 - AFFFF causes
Slot Select #2 to be asserted.

CAUTION

It is highly recommended that only 16K of address
space be used for either of the accessory cards.
The address ranges 90000-93FFF and AOO0O0-A3FFF for
slot 1 and slot 2, respectively, should be exclusively
decoded and used even though +the slot select 1lines
provide 64K of address space. Accessory cards using
memory space outside this range may not be compatible
with any enhanced future versions of the HP 150.
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What does the slot select scheme provide? An accessory PCA may choose to use

or not to use the slot select line. If a device does not utilize slot
select, a decode of at least the most significant four address bits must
be done to detect a CPU access. More decoding of the least significant 16

address bits must be done depending on the nature of the PCA and its
circuitry. In addition, the user must never plug PCAs into Slots #1 and #2
which become selected on the same address range. When fully decoding the
address space, boards must be designed for a specific accessory slot.

Using the slot select lines, a more limited decode is required on the accessory
PCA since the four most significant bits are decoded by the CPU in asserting
the slot select 1line. Therefore, an accessory PCA can detect an access by
decoding slot select and the appropriate subset of the least significant 16
address bits. The decode of slot select ensures that no contention will
occur between accessory modules #1 an #2 since only one slot select signal will
be active at one time.

The slot select thereby eliminates the need for a designer of an accessory
module to be aware of all the addresses used by other existing or future
accessory modules. It also limits the hardware required for decoding.

Since the accessory modules are in the 8088 address space, firmware ROMs can be
placed on the accessory modules to be executed by the 8088. This way drivers
for each accessory can be located in ROM on the accessory PCA and at power-on,
vhen the terminal operating system does a logical system generation, the
drivers for the modules will be used when needed for module stimulation.

Another benefit of having the accessory modules in memory space is that block
transfers of data between CPU and accessory module can take place quickly with
little CPU software overhead and with the enhanced flexibility of the memory
access instruction set of <the 8088 over the I/0O instructions. Thus, a
softcard CPU can be added cleanly to the system without the hardware and
particularly the processor intercommunication path hampering performance.

To summarize, if a memory address between 090000H - O9FFFFH 1is generated by
the CPU, HSLOTSELL is asserted. If an address between OAOOOOH - OAFFFFH is
generated, NSLOTSEL2 is asserted. These signals are routed to the accessory
slots with NSLOTSEL1 going to one accessory slot and NSLOTSEL2 going to the
other.

CMOS RAM

256 nybbles of battery backed up CMOS RAM is located at address OBCOOOH -
OBFFFFH. The 32K address space allocated to CMOS RAM images the 256 nybbles
found at OBCOOCH - OBCOFFH. The nybble wide data is accessed on the lower
four bits of the data bus.
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CMOS DECODING AND ACCESS. Interfacing the CMOS RAM to the system required
circuitry to accommodate some of the unusual address and data setup and hold
timing parameters associated with the part. An address generated by the
processor within CMOS memory space causes decoding circuitry to assert a CMOS
address space select signal. When this signal is asserted, the processor PCA
wait state generation circuitry adds 6 clock periods to the bus cycle.

CMOS POWER. The power delivered to the CMOS comes from the same power source
as that used for the real time clock. The Vecce pin for the chip is maintained
at approximately 5 volts when power is applied to the system and falls to about
2.5 volts when the power is turned off.

LEDs

Six LEDs are positioned on the memory PCA to report power-on test results.
The LEDs are memory mapped at OB80OOH - OBBFFFH. Any memory write within
this range will access the LEDs. The LEDs are accessed on the lower six bits
of the data bus.

LED DECODING. When the LED address is present, a memory write cycle is
in progress, and when GO is deasserted, the LED register will be clocked with
data from the CPU. The LEDs will in turn display the complement of the
register contents (i.e., a "zero"” turns an LED on, a "one"” turns an LED off).

LED REGISTER RESET. When the power is turned on or the NRESET test point
on the processor PCA is grounded, the system reset signal will reset the LED
register, making all outputs go to the zero state. This will <turn all the
LEDs on and will indicate to the observer that +5 volts igs functioning at least
well enough to light the LEDs. The self-test code will then proceed to turn
off the LEDs if +the system tests pass; or writes an error code into the
LEDs signifying the failing subsystem or component.

Dynamic RARA

The 256K of dynamic RAM requires a considerable amount of support circuitry.
This section will describe the decoding, control signal generation, and RAM
timing. The next section will cover the refresh mechanism used on this PCA.
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DECODING. The 256K of RAM is organized as four banks of 6LK. The memory
space allocation is:

Bank O 00000H - OFFFFH (Uk2 - Uk9)
Bank 1 10000H - 1FFFFH (U32 - U39)
Bank 2 20000H - 2FFFFH (v22 - U29)
Bank 3 30000H - 3FFFFH (U12 - U19)

When a memory cycle is initiated by the 8088 (BIO/-M is low) and an address
within one of the four memory regions listed above is generated, a 3-to-8 line
decoder asserts one of four outputs designated for RAM bank selection.
When GO becomes valid at the beginning of T2, the RAS inputs to the selcted RAM
bank will all go low.

DYNAMIC RAM REFRESH. In order to retain the data that has been written into
a dynamic RAM, a periodic refresh cycle must occur. The refresh cycle
congists of placing a row address on the address input pins of the dynamic
RAM (DRAM) and then bringing the RAS input low for a specified amount of time
and then raising it back high. Each row address within the RAM must be
refreshed as described within a time period specified by the RAM manufacturer
in order for +the data to be retained in the RAM. This memory PCA uses a
dynamic RAM which requires each of its 128 row addresses to be refreshed no less
than every 2 milliseconds. This specification is typical for most DRAMs. Some
DRAMs have 256 row addresses and require all row addresses to be refreshed no
less than every 4 msec. The refresh controller on this memory PCA is capable of
meeting the requirements of both types of DRAM.

The refresh scheme used on this PCA refreshes U4 row addresses every 56 usec.
Thus, all the rows are refreshed within 1.8 msec The entire refresh process
takes about 2.5 usec including latencies due to the synchronizing flip-flops.
Therefore, the refresh process consumes about (2.5 usec/56 usec) x 100% = L4.6%
of the system bandwidth.

PCA CONFIGURATION. Normally, +this PCA will be shipped with 256K of DRAM.
This requires jumper W3 to be installed. If this PCA is configured with only
128K of DRAM jumpers W1 and W2 should be installed and jumper W3 should not
be installed. This will allow this PCA to function properly as a 128K RAM PCA
with banks O and 1 of RAM installed and allows an extended memory PCA in an
accessory slot to have a contiguous mapping of its RAM with the RAM on this PCA
starting at memory address 20000H.
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ACCESSORIES SUBSYSTEM

Accessory Hardware Design Guidelines

The two accessory slots in the card cage provide the means of increasing the
overall system capability by adding hardware to meet needs specific to that of
certain users. The following paragraphs provide guidelines and specifications
needed by designers to interface with the system hardware.

Mechanical Specifications

The accessory PCA electrically interfaces to the system through a 70 pin
connector located at the front of the board. The PCA can be of the type that
fits within the card cage such as the Expansion Memory PCAs. Or it may be of
the type which requires interfacing to external devices and requires a special

rear panel to accomcdate a connector or connectors.

Mechanical drawings for the accessory card slots and rear panel are included in
this section.

Power Requirements

Fach of the two accessory slots have the following available power:

VOLTAGE CURRENT
+5V 1.9A
+12V 0.45A
-12v 0.1A

If powering an external device through the power supply, the designer must use
a filtering network and fuse between the external device and the HP 100 Series
Personal Computer. Note that the power consumed by an accessory is limited by
thermal considerations described next.
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Thermal Limits

The maximum thermal dissipation allowed per accessory board is 10 watts. It
there is an accessory device consuming 10W power in one slot and your board is
to go in the other, you should expect temperatures on your accessory board of
20 to 30 degrees C above ambient if your board consumes 5W. If your board
consumes 8.5W, you should expect to see a 20 to 40 degrees C temperature rise
above ambient on your accessory board. It is best to measure the case
temperatures of components on the accessory board if one wants to verify the
operating temperature of a particular device is within the manufacturer’s
specifications.

Accessory Signal l.oading Restrictions

The accessory boards have access to the signals listed in the front plane
accessory slot pinout detail (table 3-5). Proper adherence to the AC and DC
loading restrictions are required for per specification performance of the
system. Table 3-3 lists the loading restrictions per accessory PCA.
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Table 3-3. Accessory Loading Restrictions

Signal Available Available Max imum
Source Sink Capacitive
Current Current Loading***#*
FPA 0-7, 12-19 800 uA 3.5 mA 35 yF
ABUS 8-11
FPD 0-7 800 ua 3.5 mA 35 pF
BIO/-M* 800 ua 3.5 mA 25 pF
FPNRD, FPNWRT
FPNSSO, FPDT/-R
FPCLK, FPGO
NSLOTSEL n 500 ua 5.0 mA 25 pF
FPNRST 800 ua 5.0 mA 50 pF
NPFAIL 500 uA 2.0 mA 25 pF
BATV 40 uA 0 -—-
SHOLDA 250 vA 5.0 mA 25 pF
FULLMEM** 0 10 mA ---
NOCINT**#
NDCOCINT
NOCWAIT
NOTE

3-66

* The BIO/-M signal comes from one driver and is found
on pins 47 and 62 of the connector. The aggregate of
the loading on the two pins must not exceed the
specification in the table.

#% PULLMEM, if used, must be pulled high by a pullup
resistor on the accessory board.

##% These signals must be driven by an open collector
driver. The pullup resistor is on the processor board

and need not be on the option board. NOCWAIT
requires a driver capable of sinking 18 mA (Schottky
driver). The NOCINT and NDCOCINT drivers must be

capable of sinking 5 mA.

##%% To egstimate capacitive loading, one can use 2 pF
per connector pin, 5 pF/inch of PC trace, and 5-10 pF
per gate terminal.



Signal Timing Diagrams

Timing diagrams in figures 3-19 thru 3-21
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are based on a system with two

accessory boards installed which conform to the loading restrictions stated in
the previous paragraph.

Table 3-4. Accessory Slot Timing Characteristics®
Symbol Parameter Nom. Min. Max.
Tab Clock high time 43
Tbe Clock low time 68
Tac Clock period 125
Tal, Tom FPCLK to 8088 clock skew 28
Tan BIO/-M delay from clock rising 1y 88
edge
Tao FPNSSO delay from clock rising 14 83
edge
Tbp FPA n delay from Tl beginning 102
Tbq ABUS n delay from Tl beginning 95
Tkr ABUS hold time from T4 rising 10
edge
Ths NSLOTSEL delay from T1 beginning 110
Tdt FPGO delay from T2 beginning 48
Tju FPGO delay from Tl beginning 48
Tdv FPNRD delay from T2 beginning 14 128
Tiw FPNRD delay from T4 beginning 1y 108
Tvw FPNRD width 325
Txj Read data setup time 4o
Tiy Read data hold time 10 225
Taz FPDT/-R delay from clock rising 14 83
edge
TkAA FPDT/-R delay from clock rising R 83
edge
T4dBB FPNWRT delay from T2 beginning 1k 98
TjCC FPNWRT delay from TW beginning 14 98
TBBCC FPNWRT width 335
TdDD Data valid delay from T2 84
beginning
TKEE Data hold time from rising 10
edge of Th
TuEE Data hold time from FPGO 30
deassertion
TFFHH, SHOLDA delay from falling 24
TGGII edge of clock
THHII SHOLDA width (in usec) 2.5 2.25 2.63
TLLJJ, NOCWAIT setup time before 13
TMMEK falling edge of clock
TLLMM NOCWAIT width (in usec) 0.125 4o
®All time specifications are in nsec unless stated otherwise.
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Figure 3-19. Accessory Slot Bus Cycle Timing
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Figure 3-20. SHOLDA Timing
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Figure 3-21. Accessory Wait State Insertion
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Accessory Front Plane Connector

The accessory PCAs plug into the bottom slots of the card cage.
signals available to the modules are listed in table 3-5.

%%

Table 3-5. Connector Pinouts

1. FPA O 26. FPD 3 51. GND

2. FPA 1 27. FPD 4 52. -12V

3. FPA 2 28. FPD 5 53. SHOLDA

4. FPA 3 29. FPD 6 54. FPGO

5. FPA L4 30. FPD 7 55. +5V

6. FPAS 31. GND 56. GND

7. FPA 6 32. FPNRD 57. FPCLK

8. FPAT 33. GND 58. (RESERVED) *
9. ABUS 8 34, 45V 59. GND / FULLMEM *
10. ABUS 9 35. BATV 60. +12v

11. ABUS 10 36. (RESERVED) # 61. GND

12. ABUS 11 37. NPFAIL 62. BIO/-M

13. FPA 12 38. (RESERVED) #* 63. +12V

14. FPA 13 39. FPNRST 64. FPNWRT

15. FPA 14 4o. +5V 65. +5V

16. FPA 15 41. GND 66. FPDT/-R
17. FPA 16 42. GND 67. GND
18. FPA 17 43. NOCINT 68. FPNSSO
19. FPA 18 44, GND 69. GND

20. FPA 19 45. NOCWAIT 70. NSLOTSELx **
21. GND 46. (RESERVED) *

22. GND 47. BIO/-M

23. FPD O 48. +5V

24, FPD 1 4o, -12v

25. FPD 2 - 50. NDCOCINT

JF3 and JFL
R et ittt +
35 | + + ++ |1
70| + 4+ ... ++ | 36
o e e e e +

Pictorial view of option module front plane connectors (JF3 and
JF4) with pin assignment (as viewed from component side of Front
Plane PCA).

Pin 59 is FULLMEM is on JF3 only. Pin 59 is GND on JFL.
Connections +to this pin and all pins labeled RESERVED should
not be made.

NSLOTSELx will be either NSLOTSEL1l or NSLOTSEL2 depending
upon which side of the front plane the module is plugged
into. The left side of the card cage (from rear view of the
package) holds module 1 and gets the NSLOTSEL1 signal. The
right side of the card cage holds module 2 and gets
NSLOTSEL2.
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Accessory Connector Signal Descriptions

The accessory connector signals described in table 3-6 reference the timing
diagrams in figures 3-19 through 3-21.

FPA O-T7

ABUS 8-11
FPA 12-19

FPD 0-7

FPCLK

FPNRD

FPNWRT

FPNSSO

BIO/-M

FPDT/-R

FPGO

Table 3-6. Signal Descriptions

The 1lower 8 address bits of the 20 bit address generated by
the 8088. These signals are buffered and demultiplexed.

The upper 12 address bits of the 20 bit address.
These signals also are buffered and demultiplexed.

Data bus signals from the external data bus. This data path is
the means through which data is passed between the processor
and the video board or option slot modules or the optional TPM.

Buffered 8 Mhz system clock.

Buffered -RD signal from the 8088 used +to indicate a bus
read cycle in progress.

Buffered -WRT signal from the 8088 used to indicate a bus
write cycle in progress.

8088 bus cycle status line. The combination of FPNSSO,
BIO/-M, and FPDT/-R allow boards connected to the front plane to
completely decode the current bus cycle.

Buffered 1I0/-M signal from the 8088 used to distinguish
memory and I/0 bus cycles.

Buffered DT/-R signal from the 8088 wused to indicate
direction of data from the 8088 for a given bus cycle.

Signal which qualifies the address generated by the
microprocessor. The address qualification is needed primarily
for dynamic RAM circuits which cannot tolerate an assertion of
RAS or CAS on a false address. FPGO goes high at the
beginning of T2 and goes back low at the beginning of Th of a
bus cycle. FPGO can also be used to terminate a bus write
cycle by having its falling edge used to clock data into a
register or other device on an accessory device in an option
slot. Terminating the writes in this way can provide better
hold timing than using FPNWRT.
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NOCWAIT

NDCOCINT

NOCIKT

SHOLDA

FULLMEM

NSLOTSEL1

NSLOTSEL2

FPNRST

NPFAIL

BATV
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This 1line can be asserted by the option modules or video
board through an open collector gate to insert wait states into
a bus cycle to provide sufficient time for a bus cycle access.

This open collector interrupt signal has the same interrupt
priority as the datacomm controller chip on the processor
board as it shares the same input to the interrupt controller as
the datacomm controller chip does. This input can be asserted
by accessories for interrupt servicing.

System interrupt signal asserted by a device via an open
collector gate. This line can be used by options slots to get
processor service.

Synchronized hold acknowledge signal from the 8088. HOLD
is asserted by the mezzanine memory board.

Indicates which mezzanine memory board option is installed.
FULLMEM=0 if 128K RAM and FULLMEM=1 (it is pulled high by a
pull up resistor on an installed extension memory board) if
256K RAM is on the board. An accessory should not connect to
this signal pin.

Signal indicating an address within the 64K block allocated to
option module 1 has been generated by the 8088.

Same as NSLOTSEL1 but asserted when address within option module
2 address space is generated. ‘

Signal generated by processor board at power-on time to
initialize logic circuitry.

Signal generated by the power supply indicating power supply
output level stability.

These two connector lines carry current from the batteries
located on the video board to circuitry requiring battery
back-up power such as the CMOS RAM and the CMOS real time
clock.
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ACCESSORY CARD HARDWARE AND ELECTRICAL
Electrical Design

HELPFUL DESIGN HINTS. Because the 8088 in the HP 150 runs in "Min" mode, the
write line (FPNWR) may not rise soon enough tco lock your data in. The signal
FPGO is designed to allow this timing deficiency to be overcome. One way this
may be implemented is by combining DT/-R with FPGO to create a write signal.
The sample schematic (figure 3-31) at the end of this section shows a typical
method of doing this.

Note that the signal NSLOTSEL is not guaranteed to be valid until 110 ns into
the "T1" cycle. Prior to that time, glitches may be present. Edge sensitive
chips should not be directly connected to this line. In general, NSLOTSEL
should be combined with another of the control lines to create a valid signal.
Note how NSLOTSEL is combined with FPGO on the sample schematic to create the
signal NQUAL which is low only when the board is truely selected.

Based on the two points above, you have probably noticed what a handy little
signal FPGO can be. FPGO is the first signal you should turn to if you come up
with any timing problems in the interface to the HP 150 bus.

The HP 150 firmware has provisions to deal with options cards. To take full
advantage of these features, an option card should provide an "ID BYTE" at the
first address in the memory space. In the sample schematic enclosed, the "ID
BYTE" has been loaded into the first address of the ROM. If a ROM is not
present on the accessory card, an "ID Byte" may be generated via an octal buffer
(like a LS244). Use a dip switch to set the "ID BYTE" in this case.

Be aware of the capacitive and dc loading specifications that an accessory card
must meet. It doesn’t take too many gates and trace lengths to exceed the
gpecifications. Note, for example, that most control lines will not drive two
Schottky gates because there would be a violation of the DC loading
specification. The DC and AC loading specifications are contained in table 3-3.

GENERAL SCHEMATIC DISCUSSION., There is a ''generic" accessory card schematic
in figure 3-31. It includes a tranceiver interface to the data bus, buffering
of the address lines, buffering and filtering of the reset line, memory and I/0
space accesses, and a ROM. The memory and address reads are separated with the
BIO/-M signal. When high, this signal disables the S138. The S138 determines
which of the the main blocks on the accessory card are selected. If an I/O
access occurs to the address set by the dip switches, then the state of the FTL
flip flop is toggled. This will select one of the two LEDs. The "controller"”
is a piece of LSI logic which takes care of the external peripheral device.
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Another feature that is nice to have, although not present on the enclosed
schematic, is a software hard reset of the accessory card. This allows the card
to be hard reset without a hard reset of the system.

TRANSCEIVER SCHEMATIC DISCUSSION. The schematic in figure 3-22 includes a
tranceiver on the data bus. This circuit illustrates how a ''general purpose"”
tranceiver might be put on the data bus.

There are a number of problems in putting a tranceiver on the data bus
including:

1. Creating a write pulse which will clock data into its destination and allow
sufficient hold time before the tranceiver is disabled.

2. Ensuring that the tranceiver is not disabled prior to the data hold time on
a read.

3. Ensuring that the tranceiver is disabled prior to DT/-R changing state.

The circuit proposed should solve these problems without causing contention on
the HP 150’s data bus or on the accessory card’s data bus. In addition, it does
not rely on unspecified minimum delay times. Check the timing to see if this
circuit will work for a particular application.

The circuit works by first latching (with the rising edge of FPCLK) a board
select signal (NQUAL) as the tranceiver enable signal. This delays the
tranceiver enable signal, allowing read/write cycles to finish prior to
disabling the tranceiver.

Since the tranceiver enable signal has been delayed, DT/-R must also be delayed.
The second flip-flop latches the state of DT/-R with the falling edge of FPCLK.
This delay allows the tranceiver to be disabled prior to a direction change (at
the end of an instruction cycle) while still allowing the direction to be
established prior to tranceiver enable (at the start of an instruction cycle).

Of course, the circuits above will not be useful for every design but they may
be helpful in saving a little time in the design process. Remember that the
ultimate responsibility is yours.

Parts List
1 FAST ’00
1 FAST T4

1 ALS ’245
1Ls ’ob
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DC Loading (For Tranceiver Circuit Only)

FPDT/-R

FPGO

FPCLK

NSLOTSEL

References

1982 Fast Data Book (Fairchild)

40 uA High
1.2 mA Low

40 uA High
1.2 mA Low

40 uA High
1.0 mA Low

20 uA High
.4 mA Low

1981 TTL Data Book (Texas Instruments)
1983 ALS/AS Data Book (Texas Instruments)
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fast_write
fpgo F00
buffered _reset
qual P
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b F74 — —
: +5v )
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Figure 3-22.

Tranceiver Schematic
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Mechanical Design

HELPFUL DESIGN HINTS. Consider the height restriction drawing since the tabs
where the I/O panel thumbscrews attach can interfere with components on the
accessory card.

The I/0 Panel should be of a sturdy design so it will transfer sufficient force
to cause the frontplane connector to seat. When testing the mechanical design,
remove the metal chassis and watch the connector as the thumbscrews are
tightened. It is possible to design a panel such that the thumbscrews will go
all the way in, yet the frontplane connector will not move.

Make sure that the I/O panel has as many holes for airflow as possible. The air
will flow along the long dimension of the accessory board. For most effective
use of this airflow, lay the chips out with their long dimension perpendicular
~to this airflow. Also, lay your "hot” chips as clo