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SECTION
I

General Information

1-1. INTRODUCTION

1-2. This service manual contains information you will require to
troubleshoot and repair the HP-T1 hand-held computer (HHC).

1-3. This manual is divided into seven sections:

A general description of the HP-71 (section I).

A functional description of how the HP-71 works (section II).
Assembly/disassembly procedures (section III).
Troubleshooting and test procedures (section IV).

A description of available accessories (section V).

A list of replaceable parts (section VI).

Reference diagrams (section VII).

1-4, Before using this manual in actual repair, read sections I and II to

become familiar with the HP-71 and its operation.

Then read sections III, IV

and appendix A to become familiar with the repair procedures.

1-5. You can find the following additional information, which may be
helpful, in the HP-T71 Owner's Manual and in the peripheral owner's manuals:

Battery.
AC Power Adapter.
Card Reader Operation.

Plug-in Modules, ROM/RAM.

1-1



Sec

tion I: General Information

1-6. PRODUCT DESCRIPTION
1-7T. The HP-71 HHC is an integrated system which features:
e ANSI standard minimal BASIC with extensions.
e Two operating modes:
- calculator mode.
- BASIC immediate mode.
e 17.5K bytes of multi-file RAM.
e A 6UK byte operating system.
e An 8 by 132 dot matrix single line, 22 character LCD display.
® A 39-key typewriter keyboard with a 16-key numeric keypad.
e All CMOS ICs for low power consumption and continuous memory.
o HP~IL module and hand-pulled card reader plug-in ports.
e Plug~-in ports for additional RAM and ROM modules.
1-8. Specifications for the HP-71 are listed in table 1-~1.

Table 1-1. Specifications

HP-T71

Physical Properties

Width: 19.3 em (7.60 inches).
Depth: 9.8 cm (3.85 inches).
Height: 2.7 cm (1.05 inches).
Weight: 260 grams (9.16 oz).

Environmental Limits

e Operating Temperature: 0° to 45° C (32° to 113" F).
e Storage Temperature: -U40" to 55° C (~40° to 131° F).

e Operating and Storage Humidity: O to 95% relative humidity.

® Primary: 4 AAA size alkaline batteries.
e Secondary: AC adapter.

1-2
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HP-T1 General Information

Table 1-1. Specifications (Continued)

Display
e Type: Liquid crystal display (LCD).
e Number of characters: 22.
¢ 8 X 132 dot matrix.
e 16 annunciators.

Keyboard

e 39-key typewriter style.
e 16-key numeric keypad.

Interface

e Type: Hewlett-Packard Interface Loop (HP-IL) module.
e Default at turn on: system controller.

Card Reader

Maximum read/write speed: 76.2 cm (30 inches) per second.
Minimum read/write speed: 12.7 cm (5 inches) per second.

Number of tracks: 2 data and 2 timing.

Density: 315 bits per centimeter (800 flux reversals per inch).
Formatted capacity: 650 data bytes per track.

Encoding method: MFM (modified frequency modulation).

Magnetic Card

e Length: 25.4 em (10 inches).

e Width: 1.0 em (0.38 inches).

e Thickness: 0.2 mm (0.009 inches).

e Temperature Limits: 4 to 32° C (40" to 90 F).

1-9. IDENTIFICATION

1-10. The serial number of the computer is used for identification and
determination of the warranty status. It is located along the back edge of
the bottom case between the four plug-in ports. Its format is shown below:

1-3



General Information

1-4

Sequence number.

Location manufactured.

USA

Brazil

United Kingdom
Singapore

IS
"nonun

Week manufactured.

Year manufactured
(years after 1960).

HP-T1



SECTION
II

Theory of Operation

2-1. INTRODUCTION

2-2. This section contains a functional description of the six primary logic
circuits contained in the HP-71 HHC. They are the:

e CPU (central processing unit).
e RAM (random access memory).

e ROM (read only memory).

e LCD drivers, RAM and LCD

e Power Supply.

e Keyboard.

2-3. INPUT/QUTPUT DEVICES

2-4, Standard input entry to the HP-71 is through the block qwerty
typewriter keyboard. Standard output is to the 22-character LCD display.

2-5. Additional devices for providing input and/or output capabilities are:
e 16, 32, 48, 6UK-byte plug-in ROM modules.

e UK byte plug-in RAM modules.

e A programmable 1 Hz. to 4900 Hz. piezoelectric beeper.

e A hand-pulled card reader.

e HP-IL modules.

2-6. The card reader and the HP-IL modules are described elsewhere in this
- manual. For information about the other 1/0 devices, refer to the user's
documentation.

2-7. ASSEMBLIES

2-8. The CPU integrated circuit (IC) U4, the display RAM ICs (U1, U2, and
U3), the LCD, and the keyboard are contained on the keyboard printed-

circuit assembly (PCA) mounted in the top case.

2-9. The system ROM IC (U5), the system RAM ICs (U6, U7, U8, and U9), the
power supply, and the piezoelectric beeper are contained on the input/output

2-1



Theory of Operation HP-T1

(I/0) PCA mounted in the bottom case.

KEYBOARD
— DISPLAY
32.786KHZ A A
R G| | oo | mawee | o
BEEPER l l
MASTER SLAVE SLAVE
2.5 MHZ | > cPU DSP. RAM DSP. RAM DSP. RAM vt
osc. DRIVER DRIVER DRIVER PORT (5)

HP-74 SYSTEM BUS

L]

I
[

2 (=D —
% K=
2 K =D

-] PORT PLUG-IN
SYSTEM RAM RAM RAM HP-IL POR PORTS
ROM 1. 2,3, 4
\ J
PORT 0

AC & BATTERY
CIRCUIT

Figure 2-1. HP-71 System Block Diagram
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HP-T1 Theory of Operation
2-10. CPU

2-11. The CPU is designed to execute instructions quickly. The on-chip
oscillator, which uses the external components inductor L1, capacitor C3,
and capacitor C4, provides a clock frequency of approximately 640 kHz.

2-12. The CPU communicates with other parts of the system via a bus. This
bus transmits four bits of data in parallel plus two control signals. Using
five four-bit groups or "nibbles" of data, the CPU can address over 1 million
nibbles or a half million bytes of data and instructions. The internal

logic permits the CPU to operate with words up to 16 nibbles long.

2-13. The two control lines, STR (strobe), and CD (control/data), control
the operation of the bus. The strobe clocks the bus, indicating that there
is valid information on the CD and bus lines. The state of the CD line
indicates whether the bus is transmitting data or a command.

2-14. To indicate a data transfer, the CPU pulls the CD line low and places
the command that indicates_the type of data transfer that is to take place
after the falling edge of STR. Command data will be latched by all devices
on the rising edge of STR. When data is being transferred, the CD line is
held high.

2-15. The CPU can be interrupted by pulling the module interrupt line,

INT, low, by pulling IR15 high by pressing the [ON] key that is connected
directly to IR15, or by pulling any of the input register lines, IR0 through
IR14, high.

2-16. The signals on each pin of the CPU are listed in table 2-1.

Table 2-1. CPU Signals

PIN SIGNAL DESCRIPTION
18 GND System ground.
26,28-30 BUSO - BUS3 Four-bit multiplexed address, data,
and command bus.
31,67 VDD Power supply - 4 to 6.5 volts.
34,35 03C1, 0sC2 Oscillator inputs to regulate the
CPU's internal oscillator
frequency.
37 STR System clock - active low.

2-3



Theory of Operation HP=-T1

Table 2-1. CPU Signals (Continued)

PIN SIGNAL DESCRIPTION

n2 CD Control/Data - informs all ICs to
load either a command or data.
Low - command on the bus.

—
=
-3

L7 Interrupt - this line is active
when pulled low. When it is pulled
low, the CPU completes the current
instruction, pushes the program
counter (PC) onto the top of the
subroutine stack, and initiates the
interrupt routine starting at

address 0000F (hexadecimal).

48 HALT When driven high, halts the CPU.
The CPU completes the current
instruction, and then puts the bus,
STR, and CD in a high impedance
state.

69,68,66-60 IR0 - IR15 Input register - used for keyboard
56-50 and general input to the the CPU
(except IR14 for General Input only).

70-72,1=-2 ORO - ORM1 Qutput register - used to strobe
6-12 the keyboard, to configure the
four module ports, and to drive
the beeper.

2-17. The system CPU does not have to be unsoldered in order to permit an
external controller to assume control of the system. When HALT is brought
high, the system CPU places its bus and control lines in a high-impedance

. state, effectively isolating the CPU from the system. An external CPU can
then be connected to the system by inserting it into port one. (The external
CPU is not able to access the keyboard, the internal daisy chain, or the
beeper.)

2-19. The RAM will retain its memory when it is in light or deep sleep.

2-20. Each RAM chip is organized into a 2K by 4 bit memory. Four RAM chips
are incorporated into a hybrid module. Each hybrid module has the capacity

2-4



HP-T1 Theory of Operation

to store 8K by 4 bits of memory (or U4K-bytes). The HP-T71 contains four
hybrid modules.

2-21. Each RAM or ROM chip has two address registers, a local program
counter (PC), and a local data pointer (DP). The local PC is used to access
program code stored in the chip, while the local DP is used to access data
stored in the chip. This makes it possible for faster CPU access to both
the program code and data stored in the same RAM or ROM IC.

2-22. In order to access RAM, the CPU sends a command onto the bus to load
the PC or DP followed by five nibbles of address. These five nibbles are
loaded into the local PC or DP of each chip. If this address matches the
address of the RAM, the next read or write operation will cause the RAM to
accept or source data from that address. After the data is transferred, the
pointer is incremented. If no other command is sent before another cycle

of STR, the data nibble currently selected by the pointer will be put on

the bus, and the pointer incremented. Thus, multiple nibble transfers take
place without the need to send an address for each nibble desired.

2-23. Each RAM chip must be configured into the system memory map before it
can be used by the system (refer to table 2-5). In this manner, all RAM
ICs are mapped uniquely into the address space. '

2-24. ROM

2-25. The ROM IC (U5) contains the operating system of the HP-71. It is
organized into a hybrid package containing four 32K by 4-bit ROM chips for a
total of 64K bytes of read-only memory. It is located in the system memory
map starting at address 00000 to 1FFFF (hexadecimal). The system ROM is
permanently programmed into this location. It can not be configured to any
other address. (Refer to table 2-2 for the common RAM/ROM signals.)

Table 2-2. RAM/ROM Signals

PIN SIGNAL DESCRIPTION

1 GND System ground.

3 0D Places the bus lines to the RAM/ROMs
in a high impedance state.

5 DAISY OUT Lines used by iIl, CONFIGURE, UNCONFIGURE,

6 DAISY IN and RESET to configure the RAM in system
memory.

7 CD : Control line that indicates that the

bus contains data (CD high), or control
information (CD low).

2-5



Theory of Operation HP=T1

Table 2-2. RAM/ROM Signals (Continued)

PIN SIGNAL DESCRIPTION
8 STR System clock for system.
9-12 BUS0-BUS3 Four multiplexed data, address, and

control bus lines.

13 VDD Power supply 4 to 6.5 Vde.

2-26. The system ROM can be either expanded or taken over by plug-in ROM
modules; plug-in modules that expand the HP-71's capability are configurable.
Application pack modules can be used in any or all of the four ports while

. plug-in ROMs that take over the system ROM may only be plugged into port 1.
Take-over ROMs are used to give the HP-71 totally different capabilities,
such as enabling it to be programmed in different languages. When the
take-over ROM is plugged into the HP-71, the system ROM is disabled. Plug-in
ROMs can range in size from 16K to 64K bytes in size.

2-27. LCD DISPLAY.

2-28. The HP-T1 uses an 8 by 132 dot matrix, single line, liquid crystal
display. Included in the LCD are 17 annunciators. They inform the user of a
low battery (BAT), whether a program is running (PRGM), if a program is
suspended (SUSP), if the HP-71 is in calculator mode (CALC), if the HP-71 is
set to interpret in radians (RAD), if the 'f' or 'g' keys have been pressed
(f, g), where the rest of the line in the display is ( &, = ), five user
display flags (0,1,2,3,4), and if the user definable keyboard is enabled
(USER). The annunciators (AC) and [((e))] are not used.

2-29. Three display/RAM ICs (U1, U2, U3) are used to drive and control the
display. IC U1 is the master display/RAM while U2 and U3 are slaves. IC U1
provides the timing signal (CTK), control signal (DON), and the voltage
reference (VREF) for the slave ICs. The timing signal is generated by a
separate crystal oscillator (Y1) connected to the OSCA and OSCB inputs and
divided down to 512 Hz to supply the display clock. 1IC U1 also drives the 8
rows of the LCD and 40 of the columns. ICs U2 and U3 each drive 48 columns.

2-30. Each dot of the LCD has a corresponding bit in the display RAM. If
the bit is a one, the dot will be on. If the bit is a zero, the dot will be
off. Eight bytes of the master display RAM (U1) are used to control the
row drivers, and 38 bytes plus two bytes for the annunciators at the right
of the display are used to control the columns 95 through 132. The slave
display ROM U2 uses U8 bytes to control columns 47 through 94. The slave
display ROM U3 uses 46 bytes to control columns 1 through 46 plus two bytes
for annunciators at the left of the display. All of the display RAM is i
addressable by the CPU through the system bus. Each display chip also has

2-6
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512 bytes of user RAM for a total of 1.5K bytes.

2-31. The display/RAM (U1) has the capability to control the contrast
(view angle) of the display. The contrast control nibble controls the LCD
drive voltages, which control the darkness of the display. The higher the
value of the contrast nibble, the darker is the display.

2-32. The display/timer control nibble is located in the master and sleve
display ICs except for the timer enable bit (written to bit 3) that is
functional only on the master chip. Bit 0 turns the display on and off.
Setting both bit 0 and bit 1 at the same time will blink the display. Bits

2 and 3 give low-battery information. If bit 2 is set, the battery voltage

is below the very-low-battery indicator (VLBI) trip point. If bit 3 is set,
the battery voltage is below the low-battery indicator (LBI) trip point. (The
VLBI trip point is between 0.8 and 1.2 Vdec below the LBI trip point. The LBI
trip point is between 4.3 and 4.5 Vdec.) When written, bit 2 defines the state
of the display test bit (accessible only for factory testing). Bit 3, when
written, defines the state of the timer enable bit.

2-33. Each of the display/RAM ICs also has a six-nibble timer. This binary
counter is decremented each 1/512 second. When the most-significant-bit (MSB)
of the timer and the timer-enable bit are set, the display/RAM will respond
to a bus service request and will wake up the CPU during shutdown by pulling
CD low. The timer in the master display driver is used by software to
implement a real-time clock.

2-34, Display driver signals are listed in table 2-3.

Table 2-3. Display Driver Signals

PIN SIGNAL DESCRIPTION
2,4 0OSC A, OSC B Quartz crystal oscillator
connections (32768 Hz).

31-67 VDD Power supply - 4 to 6.5 Vde
32-48,50-52 C1-C39(odd) Column driver outputs.
30-14,12-10 C2-Cl40(even)

53,56 C41-ClT7(odd) Column driver outputs (slave

9-6 C4y2-Cl8(even) drivers only).
56-53,9-6 R1-R8 Row drivers (master driver only).
57 oD Output disable.

60-63 BUSO-3 System bus.

2-7



Theory of Operation HP=T1

Table 2-3. Display Driver Signals (Continued)

PIN SIGNAL DESCRIPTION

6U STR Strobe

65 CcD Control/data

66 GND System ground
68,69 CB0,CB1 Used for address configuration

and to identify master/slave ICs.

70 CLK Display timer clock (driven by
master display IC).

71 DON Display on (driven by master
display IC).

72 VREF LCD voltage reference (driven by

display IC).

2-35. KEYBOARD

2-36. The primary input device to the HP-71 is the 55-key keyboard. Each
key is located above a dome shaped snap-disc that is mounted between the top
case and the keyboard printed circuit board. The keyboard is divided into a
block qwerty-style keyboard and a numeric keypad. The top three rows of
keys allow the user to access many commonly used typing aids. The numeric
key lets the user access mathematical functions. The keyboard can also be
completely redefined by the user except for the [f] and [g] keys.

2-37. When a key is pressed, the snap-disc shorts the corresponding row and
column lines. The column lines are connected to the input register of the
CPU. As soon as any input register line goes high, an interrupt is issued

. and the CPU enters the interrupt routine. The operating system waits until
the input register hasn't changed for 16 milliseconds (maximum key bounce
time), and then scans the keyboard to determine which key(s) are depressed.
After the Key(s) are known, their corresponding key codes are stored in the
key buffer. The system program then looks for input from the keyboard. When
a command, such as "INPUT", is executed, the program uses the key codes in
the key buffer. (Up to 15 key codes can be stored in the buffer. Any more
than 15 are ignored.) The system program then tells the CPU to leave the
interrupt routine and resume current program execution.

2-38. The [ON] key differs from the other keys in that it is connected to

2-8
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HP-71 Theory of Operation

the CPU through pin IR15. When the [ON] key is pressed, it interrupts the
CPU, which then enters the interrupt routine and services the [ON] key.
Pressing the [ON] key interrupts anything the CPU is doing with one
exception; it cannot interrupt an interrupt routine. If the CPU is already
servicing an interrupt (INT, keyboard, etc.), all other interrupts are
disabled.

2-39. CARD READER

2-40. A hand-pulled card reader can be added to the HP-71. It plugs into
the rear port on the opposite end from the HP-IL port. It consists of a
three-coil magnetic head and its associated electronic circuitry; one coil is
for reading timing signals on the card; the second coil is for reading data
from the card, and the third coil is for writing data to the card.

2=41, The card reader has its own bus interface and control registers. The
bus interface transfers data to and from the HP-71 bus, and from and to a
data buffer, depending upon the status of a control register. The bus
provides direct access to the control register. The control register
locations hold the current status and any error conditions. Since the HP-T1
bus is Y4-bit parallel and information is stored on the card sequentially,
the card reader contains a bidirectional serial-to-parallel converter. The
data encoder/decoder converts the information to and from the modified
frequency modulation (MFM) encoding format. The timing circuit ensures
that the data is read and written correctly. (See figure 2-3 for the card
reader block diagram.)

2-42. Each magnetic card has two tracks available for data and two
corresponding prerecorded tracks for timing. Each card can store up to 650
bytes on each data track for a total of 1300 bytes of data per card. The
card also contains write-protect and file information features. (See figure
2-4 for the magnetic card layout.) The cards must be pulled through the
reader at a speed of 5 to 30 inches per second in order to work properly.

2-43. HP-IL MODULE.

2-4Y4, The HP-IL module permits the HP-71 to communicate with up to 30
devices connected to it in an HP-IL using primary addressing and 930 devices
using extended addressing. It plugs into the port on the back edge of HP-T1
on the opposite end from the card reader port. The module allows the HP-T1
to act as either a controller (default), a listener, or talker, and contains
the analog circuitry required to transmit and receive on the loop. (See

. figure 2-5 for the HP-IL block diagram.) It also contains a ROM and a

microprocessor and is unique to the HP-T1.

2-45. AC POWER ADAPTER AND BATTERY OPERATION

2-46. The HP-71 can be powered by either four AAA alkaline batteries or by
the AC power adapter. When the adapter is plugged in, the batteries are
electrically isolated by diode CR2. The power from the full wave rectifier,
CR3, turns on transistor Qt. The current flow through Q1 is at a higher
potential than the batteries which reverse biases CR2. With CR2 reverse
biased, current cannot flow from the batteries to the rest of the circuit.

2-9
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¢
The HP-71 can be powered by the ac adapter with the batteries removed. The
HP-71 can not recharge the batteries. When the adapter is not plugged in,
CR2 allows the current from the batteries to flow, but the batteries are
isolated from the ac connector by transistor Q1. Capacitors C1, C2, and C8
are used to provide power supply noise isolation for the rest of the system.
A fresh set of alkaline batteries can maintain memory for 60 hours with the
computer running and for at least two years with the computer turned off. A
capacitor in the power supply circuit allows the user 30 seconds to change
batteries without losing the contents of the RAM provided the computer was
first turned off.

2-47. BUS COMMUNICATION

2-48. All addresses, data, and commands_are transferred on the four bit bus.
Four control signals are used; CD, STR, INT, and HALT. CD {(Control/Data)

line tells whether the information on the bus is a command or data. If CD is
high, the information is data; if low, the information is a command. STR is

the system bus clock and runs at approximately 640 kHz. TINT is the interrupt
line used by the four plug-in ports and the HP-IL module; it is active when

low . INT is activated when modules are plugged in or pulled out. When HALT

is held high, the CPU completes its current instruction and then places the

clock (STR), CD, and the bus in a high impedance state. Refer to figure 2-2. eg

2-49. When data is read to or written from memory, only the first address

of a block of data needs to be sent. After the starting address is loaded
into the appropriate local pointer in memory, the nibble at that address is
loaded onto the bus on the next STR. Consecutive nibbles are then loaded into
the bus on consecutive pulses of the STR. The number of addresses sent.out
onto the bus is greatly reduced because an address is not sent out for each
location in memory being addressed. Up to 16 nibbles of data may be read or
written before another address is sent.

Table 2-4. Command, Read, and Write Cycles

REFERENCE SIGNAL MINIMUM MAXIMUM UNITS
Tace Strobe low to chip .
data high 200 nsec
Te CD low to strobe low 30 nsec
Te2 Strobe high to CD high 50 nsec
Te3 CD high to strobe low 100 nsec
Tdm Strobe high to CPU
data invalid 100 nsec
Tdwe CD data valid to
strobe high 200 nsec
Tdwd Data valid to strobe o
high 100 nsec o
To Strobe cycle time 1.0 usec




FAT

HP-T1 Theory of Operation

Table 2-4. Command, Read, and Write Cycles (Continued)

REFERENCE SIGNAL¥* MINIMUM MAXIMUM UNITS
Toh Strobe high to chip

data invalid 20 100 nsec
Tpw1 Strobe low 0.5To
Tpwh Strobe high 0.5To

%¥ . Bus precharge time: 50 nsec minimum.
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2-50. CONFIGURATION OF RAM, ROM, AND I/0

2-51. All memory must be assigned a location in the HP-T71's memory map, with
the exception of the system ROM (U5) and the Display/RAM ICs (U1-3). This is
called configuration. All system RAM (U6-9), plug-in RAM and ROM, and HP-IL
plug-in modules must be assigned a specific starting address. Configuration
is performed at initial turn-on, after a system reset, or when any plug-in
modules except the card reader (which is hard-configured) are inserted or
removed.

2-52. RAM, ROM, and I/0 are either hard-configured or soft-configured. A
device that is hard-configured has a predetermined, unique, location in the
memory map. It cannot be moved from its predetermined location. A
soft-configured device is assigned a starting address by the configuration
routines in system software. The system address map contains areas for RAM,
ROM, and I/0 devices. Within these areas the specific device may be assigned
a starting address.

2-53. Table 2-5 contains the system address map. Only the card reader,
system ROM, and Display Driver/Rams are hard-configured.

Table 2-5. System Address Map

DEVICE LOCATION (hexadecimal) €
Operating system ROMs (U5) 000C0 - 1FFFF
Memory-mapped I/0 devices* 20000 - 2BFFF
Card reader 2C000 - 2CO1F
Display RAM (U1-=3) 2E100 - 2E3FF
Display-driver RAM (U1-3) 2F400 - 2FFFF
Soft-configured RAM/ROM 30000 - E0000

If nothing is hard-config-

ured at E0000, the address is - FFCO00
Hard-configured ROM EO000 - FFFFF
¥ _ for example, the HP-IL module.

2-54, After reset, after power loss, or after a RAM, a ROM, or an HP-IL

module is inserted or removed, it is desirable to reconfigure the HP-T1

" system. The software first must build a list of devices connected to the

daisy chain (DI/DO). This list is generated by successively executing an
identification instruction (ID) followed by a configure instruction. The ID
instruction returns the identification code of the next unconfigured device

on the daisy chain. The identification code is returned to the CPU by the
device on the daisy chain which has its DAISY-IN (DI) line high. This code
contains information as to the device size and type (RAM, ROM, or -
memory-mapped I/0). Note that hard-configured devices do not respond to the \.
configure command and do not have any identification code. They occupy their
preassigned, fixed, addresses.

2-16
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2-55. The configuration routine temporarily configures the device to uooooﬁ.
The temporary configuration is done in order to get the ID of the next
device, since a device once configured will raise its DAISY-OUT (DO) LINE
(which becomes the DI line for the next device on the chain). Using this
procedure, the the table of devices is compiled. The table is then sorted
according to size and type. The RAMs are sorted and addressed starting at
300004, with the larger RAMs occupying the lower addresses. Then the ROMs
are assigned addresses with the larger ROMs occupying the higher addresses

in the space above RAM. The smaller ROMs fill in any address space available
above that (refer to table 2-5). The memory-mapped I/0 device(s), such as
the HP-IL, are addressed in port order starting at address 20000,g. The
devices are then unconfigured using a RESET instruction, and the above
configuration process is repeated using the correct addresses as generated

in the software tables instead of location 40000,g.

2-56. When a module is inserted or removed, the INT line is momentarily
grounded. This causes an interrupt of the software and signals that there
has been a physical movement of one of the modules. The software then re-
configures the system.

2-57. MEMORY ORGANIZATION

2-58. The HP-T71 can directly address 1,048,576 nibbles of memory. (Refer to
table 2-5.) The lower 131,072 nibbles are permanently allocated to the
operating system. The next 62,464 nibbles are used only by I/0 devices, if
present. The following 3,072 nibbles are allocated to the display driver
RAM. Note that the configuration table is in the middle of this space. All
RAM is configured starting at address 30000jsz Plug-in ROM can only be
configured in tne space between the end of the RAM and address FFCOQg. The
remaining 1,023 nibbles are allocated as a configuration reserved area.

2-59. SYSTEM TIMING

2-60. The HP-T1's timing consists of three states; awake, light sleep, and
deep sleep. These states are controlled by software which turns the CPU on
or off depending on the current state. The system bus clock (3TR) is
generated by an oscillator associated with the CPU. During the awake state
the oscillator frequency is divided down to provide an STR of approximately
- 640 kHz. When the CPU is shut down during light and deep sleep the STR stops
and is held high. The timer clock is located in the display drivers (U1-U3)
and is not affected by STR. Only removal of all power will affect the timer.
The real time clock uses a 32.768 kHz quartz crystal (Y1) for its reference
signal. This signal is divided down to 512 Hz for use in the display-
drivers.

2-61. The awake state is the normal operating and highest power-usage state
of the HP-71. During this state programs are run and interrupts are
processed. This condition is reached any time the system is instructed to
wake up either by a keyboard entry, an interrupt, or a due alarm.

2-17
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2-62. The characteristics of the awake state are:

e The CPU is awake and active,

e STR is running (600 kHz TO 650 kHz).
e CD is active.

e The bus is active.

o The LCD is powered and being driven.

e Current drain is approximately 10 ma (mainframe only).

2-63. Light sleep is the idle state of the HP-71. It uses less power than
the awake state. When the CPU does not have any processing to do, software
invokes light sleep. A half-second timer is set and a SHUTDOWN command is
executed that stops STR and pulls both it and CD high through a high
impedance. The bus is precharged low and held low through a high impedance.
After 0.5 seconds the timer causes the display driver RAM to wake up the CPU.
It then blinks the cursor and goes back to light sleep. This sequence
repeats until the CPU is either awakened to service a key entry or a service
request, or the 10 minute "time-out" timer forces the HP-71 into deep sleep.

2-6U4, The characteristics of the light sleep state are:

e STR has been stopped and forced high through a high impedance.

e CD has been forced high through a high impedance.

e The bus is inactive and held low through a high impedance.

e The LCD is powered and is being driven.

e The CPU is awakened every half second in order to blink the cursor.

® Average current drain is below 750 uA.

2-65. Deep sleep uses the least power of any of the three operating states.
"It is nearly identical to light sleep with the exception that the LCD is
turned off and not driven. Since the maximum setting of the display/RAM
timer is four hours, the CPU is awakened by the timer every four hours during
deep sleep. On wakeup software updates the timer for another four hours,
and then shuts down the CPU. This continues until an internal interrupt
occurs such as when a device is plugged into an access port, or the [ON] key
is pressed, or until all power is removed. If the [ON] key is pressed, the
system enters into light sleep. If all power is removed, the state of the
machine will be saved for a minimum of 30 seconds except when the CPU is
running.

2-18
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2-66. The characteristics of the deep sleep state are:

STR has been stopped and forced high through a high impedance.

CD has been forced high through a high impedance.
The bus is inactive and held low through a high impedance.

The LCD rows and columns are held high.

Theory of Operation

The CPU is awakened every four hours in order to service the real time

clock.

Average current drain is below 30 ua.

2-19/2-20






SECTION
III

Disassembly and Reassembly

3-1.The following procedures describe the steps necessary to disassemble and
reassemble the HP-71 HHC in order to replace or repair components that are

faulty.

e Separating the Case (procedure 3-3).

e Removing the I/0 PCA (procedure 3-4).

e Removing the Flex Cable (procedure 3-5).
e Soldering the Flex Cable (procedure 3-6).
e Reassembling the HP-71 (procedure 3-T7).

3-2.Disassembly and reassembly tools are listed in table 3-1. For additional
aid, see the exploded view, figure 6-1. ’

Table 3-1. Recommended Tools

HP PART/MODEL NUMBER DESCRIPTION
0470-1026 Adhesive, RTV (GE102 or Dow-
Corning 732).
Hot bar:
8690-0009 Handle.
86G60-0332 Heater, (110V only).
8690-0333 Desolder bar.
8690-0334 Heater, (220V only).
8700-0003 Knife, X-acto.
8710-1394 Screwdriver, bit, Torx #6.
8710-1404 Screwdriver, handle.
8730-0008 Screwdriver, small, flat blade.
N/A Screwdriver, '00', flat blade.
8090-0892 Solder, 63/37, 1% flux.
00071-60902 Soldering Clamp, flex.
N/A Soldering Iron, temp. controlled
(3717 € (700" F)).
8710-0026 Tweezers.
CAUTION

Be sure you take adequate precautions regarding electrostatic
discharge. All the ICs in the HP-71 are CMOS. Work at a bench
setup that is electrostatically protected. Otherwise,
components may be permanently damaged or degraded.
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3-3.

3-2

SEPARATING THE CASE

Remove all plug-in modules and/or
module doors in the four front ports.
Also remove the HP-IL and card reader
modules.

Place the HP-71 on the repair bench
face down with the ROM/RAM ports
towards you.

Remove the battery access door and
batteries. Remove and discard badly
worn or defective rubber feet to
expose the three screws. Peel them
off using a sharp knife.

Remove the two 00-90 screws near the
edge of the bottom case (A).

Using a Torx #6 screwdriver, remove
the five screws (B).

Carefully 1lift off the bottom case by
gently pulling it towards you to
unsnap the cases. When unsnapped,
lift the bottom case off to the left
of the keyboard assembly being
careful not to pull on the flex
cable. Place the bottom case down

so the I/0 PCA is visible.

CAUTION

Do not put excessive strain on the
flex cable. You may break a solder
connection or crack traces in the

flex cable if you do.
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g. Lift the ESD shield off of the
keyboard PCA.

3-4. REMOVING THE I/0 BOARD.

a. Using a small screwdriver, press the
two battery contacts up and out of
the bottom case.

b. Using a small screwdriver, press
the ac adapter up and out of the
bottom case.

¢. Unsolder the beeper leads from the
beeper being careful not to overheat
the beeper.

. d. Remove the 00-90 screw and 5/64 inch
nut near CR3 on the I/0 PCA.

Disassembly and

Reassembly
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e. Remove the eight screws holding the
I/0 PCA in the bottom case using a
Torx #6 screwdriver.

f. Grasp the I/0 PCA near the power
supply, tip it up, and slide it out
of the case.

g. Remove the spacer in the bottom case.

h. To reinstall the I/0 PCA, perform
steps a through g in the reverse
order.

i. Measure the resistance between the
back label and battery ground. The
resistance should be one ohm or less.
If the resistance is greater than one
ohm, check that the standoff is making
good contact with the I/0 PCA and back
label. Clean and/or replace the
standoff as required.

3-4
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3-5. REMOVING THE FLEX CABLE

NOTE

Normally, it is necessary only to remove the flex cable from the
I/0 PCA. New keyboard assemblies come with flex cables already
attached. If a flex circuit is defective, both ends of the
cable must be unsoldered from the PCAs.

a. When unsoldering the I/0 end of the
flex cable, it is necessary to remove
the 1I/0 PCA from the bottom case
(paragraph 3-4). Place the silicone
rubber insulator under the flex cable
end of the I/0 PCA. When unsoldering
the flex cable from the top case,
remove the strain-relief clamp
from the top case.

CAUTION

Do not pull hard on the flex
cable. You may pull it off the
I/0 PCA or top case PCA damaging
both the flex cable and the

PCA.

b. Apply the hot bar evenly to the ends
of the traces on one side of the PCA.

3-5
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¢. As soon as the solder is melted,
gently 1lift the flex cable away
from the PCA.

d. Move the hot bar over to unsolder the
remaining traces. As soon as the
solder melts, lift the flex cable
from the PCA.

3-6. SOLDERING THE FLEX CABLE

NOTE

To perform this step on the I/0
PCA, the PCA must be removed from
the bottom case. A temperature-
controlled soldering iron and the
specified solder and flux must be
used. Otherwise, the PCA can be
damaged and/or the reliability of
the flex connection reduced.

. a. Reflow the solder on the PCA traces
in the direction shown by the arrow
in the picture. Add a small amount
of solder if needed to cover each
trace with a nice semi-round dome
of solder. Too much solder may
cause bridging between the traces.

3-6
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b. Spread a small amount of flux
across the middle of the traces on
the PCA.

c. Using your fingers, flatten the
edge of the flex circuit.

T

d. Reflow the solder on the edge of
the flex cable.

Disassembly and Reassembly

CAUTION

Do not touch a trace of the flex
cable with the soldering iron for
more than 2 seconds. Excessive
heat may build up causing the flex
circuit to delaminate.

3-7
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3-8

Depending on which end of the flex
cable is being soldered, position the
PCA on the other end on top of the PCA
to be soldered so that the flex cable
almost covers the PCA traces.

Align the traces of the flex

cable with the traces of the PCA.
It may be helpful to use a small
piece of double sided tape to hold
the flex circuit in place for
soldering.

Position the flex holder on the flex
cable so that 1mm of cable is exposed
at the end.

Heat each trace on the PCA (one at
a time ) for 3 seconds. Do not
press down on the traces with the
soldering iron. Traces may break
or delaminate from the PCA.

Remove the iron by sliding it off
the edge of the PCA.

Remove the flex holder.

Inspect for bad solder connections
and bridging between traces.

HP=-T71
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k. With an ohmmeter, test the
resistance of all solder connections
from keyboard traces to the 1/0
PCA traces. The resistance should
be less than 0.5 ohms.

1. After soldering the flex cable to the
top-case PCA reinstall the strain-
relief clamp.

B 3-7. REASSEMBLING THE HP-T71
-3

NOTE

In order to perform this step, the
I/0 PCA must be secured in the
bottom case, and the flex circuit
must be soldered to both the I/0
and keyboard PCAs.

a. Measure the resistance between the
bezel and the top label. The
resistance should be less than one
ohm., If it is greater than one ohm,
the welded connection between the
bezel and the top label is faulty,
and the top case should be replaced.

b. Replace the ESD shield.

¢c. Place the bottom case on top of the
top case. Be careful not to pull on
the flex cable.

3-9
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Insert and tighten the 5 Torx screws.
Install the two 00-90 screws.

Measure the resistance between the
bezel and the back label and between
the top label and the back label. If
either measurement is greater than

one ohm, make sure that the screws

in the standoffs are secure and that
the screw heads are making good
electrical contact with the back case.

Replace the three feet.

Insert the batteries and port covers.
Insert the card reader and HP-IL
module if any.

HP=-T1




SECTION
IV

Troubleshooting and Testing

7 Computer ¥

Museum

4-1. INTRODUCTION

4-2. This section contains the procedures you should follow to isolate

the cause of a problem in an HP-71 Hand-Held Computer. It also gives the
procedure to verify that a unit is good. Tools that facilitate service are
listed in table 4-1,

CAUTION

Ensure that adequate precautions are taken regarding
electrostatic protection. Work at a bench set-up that is
electrostatically protected. Otherwise, components may be

damaged.
Table 4-1. Recommended Tools
HP PART/MODEL NUMBER DESCRIPTION
82059D AC Adapter
5061-72u6 Diagnostic ROM
HP34684A Digital multimeter
00071-60901 Jumper-cable
HP1220A Oscilloscope
8690-0227 Solder Sucker, ESD resistant
N/A Soldering iron, 371 C (700 F)
temperature controlled

4-3, This section contains four troubleshooting tables. The first is table
4-2, Test Procedures. This table will guide you to the particular
troubleshooting tables. It is the main structure of the repair process.
Table 4-3, Power Supply and Clocks Troubleshooting, is used to verify and
troubleshoot the power supply, CPU clock, and the real time clock. Table
4-4, Beeper Troubleshooting, is used to verify and troubleshoot the beeper
circuit. Table 4-5, Logic Troubleshooting, is used with the diagnostic ROM
to verify and troubleshoot the operation of the logic circuits in the HP-71.

4-4, When troubleshooting the HP-71, start with table 4-2, Test Procedures.
Sequentially follow the steps in this table. If an error occurs,

follow the instructions and branch to the described troubleshooting table.
When you have completed the instructions in the troubleshooting table return
to the place in the table 4-2 from which you branched, and continue. For

4-1
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example, -if the unit under test did not beep upon turn on and the display
turned on, then you would branch to table U4-U4, Beeper Troubleshooting. After
performing the required steps in table 4-4, you should branch back to table
4-2 where you left off and then be directed to table U4-5, Logic Trouble-
shooting.

4.5, 1If a component part or assembly must be replaced, replace it and then
perform the entire troubleshooting table again to verify that the fault has
been repaired.

4_.6. Some steps will tell you to check all of the solder connections on
various ICs. In doing so, gently try lifting the leads one at a time. If a
lead can be lifted, solder the lead to the trace with a narrow tipped,
temperature controlled soldering iron. Be careful not to desolder the
surrounding leads. After you have resoldered the lifted lead, do not
attempt to clean the PCA. It is very easy to contaminate any one of the
exhaust holes under the snap domes on the keyboard PCA. If three or more
leads are lifted on one topcase assembly, replace that PCA. After any
soldering, return to and repeat the step where the failure occurred. A
magnifying lens can be very helpful in finding and repairing poor or bridged
solder connections.

4-6. INITIAL PREPARATION

4.7. Perform the following steps before attempting to troubleshoot the
HP-T71:

a. Visually inspect the unit for physical damage. Replace any assemblies or
parts that are physically damaged. ,

b. Determine the customer's concern if possible. Frequently the customer
includes a message with the unit describing the problem.

e If the problem relates to the AC adapter, Card Reader, or HP-IL, test it
according to the procedures in section 6.

® For functional problems with the unit, perform the test and repair
procedures beginning with table 5-2, Test Procedures.

® For application problems refer to application documentation.

Table 4-2. Test Procedures

STEP ACTION

1. Insert a set of known
good test batteries.

42
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Table Y4-2. Test Procedures (Continued)

STEP ACTION

2. Plug the AC adapter
into the HP-71 under test.

3. Make sure the HP-71 is
turned off.

4, Plug the diagnostic ROM
into port one. ¥

5. Press [ON]. If the display turns on and the
beeper beeps, then repeat step 5 once
with only batteries and once with only
the AC adapter connected. If the
display and beeper continue to work,
proceed to step 6.

If only the display turned on, then
proceed to the following tables in
order:

A. Table 4-4, Beeper Troubleshooting.
B. Table 4-5, Logic Troubleshooting.

C. Table 4-3, Power Supply and Clock
Troubleshooting.

If only the beeper beeped, proceed to
the following tables in order:

A. Table 4-5, Logic Troubleshooting.

B. Table 4-3, Power Supply and Clock
Troubleshooting. '

C. Table 4-U4, Beeper Troubleshooting.

¥ If the flex cable has been removed and the jumper cable is being used
to connect the I/0 board and keyboard, Ports 2, 3, 4, and the Beeper
‘will be disabled.
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Table 4-2. Test Procedures (Continued)

STEP

ACTION

. Run the multiple

test. In response
to 'SELECT TEST'
press [M].

Run the Low Battery
Indicator (LBI)
test. In response
to '"SELECT TEST!
press [B].

Reassemble the
HP-7 1 .

Run the multiple
test.

If neither the display turned on nor the
beeper beeped, disconnect the AC adaptor and
momentarily short the end pins (VDD and GND)
in the card reader port. If unit fails to
turn on, proceed to the following
troubleshooting tables in the following order:

A. Table 4-3, Power Supply and Clock
Troubleshooting.
B. Table 4-5, Logic Troubleshooting.

C. Table 4-4, Beeper Troubleshooting.

If any test fails, proceed to table 45,

The Low Battery Indicator bit should be

set if battery voltage is between 4.3 and
4,5 vdc and "BATT:LOW" is displayed.
"BATT:NONE" if bit battery voltage is above
4.5 vde.

If any test fails, proceed to table 4-5.
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Table 4-3. Power Supply and Clock Troubleshooting.

STEP

ACTION

10.

1.

. Disassemble the

unit and place it
with the PCAs
exposed if not
already done.

Plug in the AC
adapter.

Measure VDD.

. Measure the AC

voltage across the
CR3 side of T1.

. Measure the DC

voltage across the
+ side of CR3 (or
the + side of C2)
and ground.

. Measure the voltage

at the cathode end
of VRT.

. Measure the voltage
across the base and

emitter of Q1.

. Remove the AC

adapter.

. Measure the voltage
across the collector

and emitter of Q1.

Measure the voltage

across CR2.

Press [ON].

If VDD is between
step 11.

If the voltage is
replace T1.

If the voltage is
CR3.

If the voltage is

VRT.

If the voltage is
replace Q1.

If the voltage is
Q1.

If the voltage is
replace CR2.

5.5 and 6.4 Vdc, proceed to

not between 9 and 14 Vac,

less than 10 Vdc, replace

less than 6.4 Vdc, replace

greater than 0.6 Vdc,

less than 3.0 Vde, replace

greater than 0.6 Vdc,

4-5
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Tabl 4-3. Power Supply and Clock Troubleshooting (Continued)

STEP

ACTION

12. With an oscil-
loscope, probe

OSC B on the
master display
RAM.

\

-

13. With an oscil-
loscope, probe the
0SC 1 1line of the
CPU.

AY 1

If a 32.768 kHz. signal is not present,
replace Y1. Check the master display RAM
(U1) solder connections. If the signal still
is not present, replace the top case.

10 usec/div
1 volt/div

If a 2.5 MHz. signal is not present, check
the CPU solder connections, then replace in
order L1, C5, and CU. If the signal still is
not present, replace the top case.

0.1 usec/div
1.0 volt/div

TN
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Table 4-3. Power Supply and Clock Troubleshooting (Continued)

STEP

ACTION

14, With an oscil-

loscope, probe the
STR line of the
CPU.

-

—

If a 640 kHz signal is not present, replace
top case.

0.5 usec/div
1.0 volt/div

Tab

le 4-4, Beeper Troubleshooting.

STEP

ACTION

. Dissassemble the

unit under test.

. Plug in the AC

adagpater.

Check the beeper
wires and flex
cable for conti-
nuity.

With an oscil-
loscope, probe the
base pin of Q2.
Then press [ON] to
make the beeper
beep.

|

Replace or resolder bad wires and connect-
ions.

If a signal cannot be seen, check the solder
connections on CPU leads OR10 and OR11,
capacitor C9, and resistors R20 and R21. If
good, replace Q2, and then the top case.

0.2 msec/div
0.2 volt/div

4-7



Troubleshooting and Testing HP=-T1

Table 4-4. Beeper Troubleshooting (Continued)

STEP

ACTION

5. With an oscil-~

loscope, probe the
collector pin of

Q2. Then press [ON]

twice.

6. Are stéps 3, 4, and

If a signal cannot be seen, replace Q2, Y2,
and L2 in order.

0.2 msec/div
1.0 volt/div

If so, then replace the beeper transducer,

5 good? Use a small amount of RTV on the back of
the new unit to secure it in place.
Table 4-5. Logic Troubleshooting.
STEP DISPLAY ACTION

. Remove all plug-in

RAMs and ROMs.

. Disassemble the

HP=-71.

Install a known

good set of

batteries.

. Make sure the HP-T1

is turned off.
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Troubleshooting and Testing

Table U4-5. Logic Troubleshooting (Continued)

STEP

DISPLAY

ACTION

Insert the diagnos-
tic ROM into port
one.

. Press [ON].

(The CPU test is
executed. The
clock frequency
should be between
600 and 650 kHz.

CPU OK HPT1
CLOCK 6U40KHZ
SELECT TEST

CPU BAD nnnn

The CPU is good.
Proceed to step 7.

If clock frequency is
out of range, replace
L1, C5, and Cl in
order.

Check the CPU and
display RAM lead
solder connections for
lifted leads.

If n does not equal 9
or B, the CPU is bad.
Replace the top case.

If n equals 9 or B,
perform the tests in
step 8 (RAM test).

If any of these tests
fail, perform the
indicated repair, then
repeat step 6.

If display does not
turn on, check the
flex cable and IC
solder connections.
Check the power
supply if you haven't
already done so, then
replace the top case.
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Troubleshooting and Testing HP-T1

Table U4-5. Logic Troubleshooting (Continued)

STEP DISPLAY ACTION
7. Press [M] DRCTD MUTPL If "CPU OK" is dis-
Multiple Test CPU TEST played, proceed to
step 8.

If "CPU BAD" is
displayed, check the
solder connections
on the CPU.

If the CPU is still
bad, replace the top

case.
8. M/F RAM Test M/F RAM TEST This message is
CHKG RAM f{n displayed while the

the display RAM chips
are being tested.

RAM COK The display RAM
tested good.

RAM BAD ¢#n Check the CPU and
display RAM solder
connections.

If the display RAM
test still fails,
replace the top case.

9. P/I ROM Test P/I ROM TEST If BAD is displayed,
Pnd XXK ROM #m: OK replace the ROM in

1 the port indicated,
NOTE and repeat the test.
When a hybrid RAM/ Chip # in
ROM is replaced, ROM module.
apply a small amount
of RTV to the top ROM size
edge of the RAM/ROM in nibbles.
to secure it to the
I/0 PCA. Device #

Port number.




HP-T71 Troubleshooting and Testing

Table 4-5. Logic Troubleshooting (Continued)

STEP DISPLAY ACTION
10. P/I RAM Test. P/I RAM TEST
Includes soft Pnd XXK RAM #m: OK If 'BAD' is displayed,
configured "M 1 then replace that
intern