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SECTION
I

General Informatiocon

1-1. INTRODUCTION

1=2. This service manual contains information necessary to troubleshoot and
repair HP-U41/C/CV/CX series calculstors. Appendix A gives information for
Ltesting plug-in memory modules and application modules. Service information
for other plug-in accessories 18 presented 1n separate manuals. Other
reference material zand service notes are contained in appendices B and C.

1=-3., The manual is divided into six sections, which give:

a. A general description of the HP-41 calculators {section I).

b. An explanation of how they work (section II).

c. Information for disassembly and reassembly (secticon III).

d. 3teps for troubleshooting and testing the calculators (section 1V).
e. A& description of the plug-in service modules (secticn V).

f. A list of replaceable parts (section VI).

Primary Data Storage Registers The Automatic Memory Stack
The HP-41 family has registers that can be al g

I , Hegisters
ocated to data storage or program memory in
any combination. As you add HP Memory Mod- T
ules {up to four) or switch from HP-41C to
HP41-CV/CX, the total number of registers can z
increase to 319 (64 registers for each memory Y
meduie), When allocated, data storage regis- ¥
ters numbered R, through Ry, are Primary
Data Storage Registars.
LtAST X
Ao [ ]
R | The ALPHA Reagister
R (Holds up to 24 characters)
2
P

Extended Data Storage Registers

When allocated, data storage registers num-
bered R, through R, are Extended Data
Storage Registers.

Figure 1-1. HP-41 Keyboard
1-1




General Information HP-41

1-4. DESCRIPTION

1-5. The HP-41 1s a handheld, alphanumeric programmable scientific computer
with input/output capabilities and a continuous memory. It alsc features a
user-definable keyboard for personalized usage,

1-6. Memory Configuration

1-7. The memory configurations for the Ul-series calculators are shown in
table 1=1.

Table 1-1. Memory Configuration

Main Memory Total
| Initial Configuration Extended
Device Total Data Ztorage ] Uncommitted B Memory
HP=-41C 63 17 (RO0-R16) 46 0
HP-U1CV 319 273 (ROC-R272) 46 0
HP-41CX 319 100 (ROO-R99) 219 124

1-8. The automatic stuck registers are T, Z, Y, X, and Last X. The ALPHA
reglster nolds up te 24 characters,

1-9. The H1-series calculators have registers that can be allocated to data
Storage or program memory in any combination. As you add HP Memory Modules
(up to four) or step up to an HP-41CV or HP-41CX the total number of
registers can increase to 319 (64 registers for each memory module). When
allocated, datsz storage registers RO0 through RS9 are primary data storage
registers. When allocated, data storage registers R100 through R318 are
extended data storage registers.

1-10. The HP-#1 system is designed for accurate service. The use of 2
plug-in service module reliably tests the entire calculator and provides a
visual output of its diagnosis that expedites troubleshooting for most
repairs.

1-11. The specifications of the HP-41 are summarized in table 1-2. A
detailed description of the proper use of this calculator is contained in the
HP-41C Owner's Handbook and Programming Guide. Opersting conditions whick
result in an error message are presenled in appendix E of the handbook.

T2



HP-41

eneral Information

Table 1-2. Specifications

Physical Properties

o Length: 14.27 centimeters (5.62 inches).

0 Width: 7.86 centimeters (3.09 inches).

0 Height: 3.33 centimeters {(1.31 inches).

o Weight: 205 grams (7.2 ounces) with batteries.

Power

0 Batterles: Four 1.5V, size N batteries, replaceable by the user,

0 Batiery current: Mode Typical Worst Case

Run 10 ma 15 ma
=tandby 1 ma 1 ma
Sleep 10 ua 30 ua

Temperature

0 QOperating: 0° to 45°C (32° to 113°F)

o Storage: =20° to 60°C (~-U° to 140°F)

Display

0 Liquid crystal display has 12 character positions and 12 annunciator
words.

© Each character position consists of 17 segments, including 3
punctuation segments.

0 Numbers are shown with maximum of 10 digits, or an 8-digit mantissa
and a 2-digit exponent.

0 Displayed numbers are rounded to the last displayed digit;
calculations are performed internally with at least 10 digits.

0 Range of displayed numbers is +1.0000000 X 10~ to #=9.9949G699 X 10%
plus zero.

0 Alphanumeric characters include A through Z, a through e, 0 through
9, plus 37 special characters, some of which can be obtained only
by using special plug-in accessories.

L
1-12. IDENTIFICATION
1-13. The serial number of the calculator is used for identification and

determination of warranty status, It is located on the bottom case at the

upper

below:

right-<hand corner, adjacent to the I/0 ports. Its format is described

1-3



General Information HP-41

A
B
YYWW XXX XX
R T
| | |
| | |
t S |
I | 1
I 1 = |
1 i 1 I
| I i I
! | | o Jequence number.
| i |
| | |
1 S it T Location manufactured:
I |
I [
! : A = USA
| I
i |
I I B = Brazil
I |
I i
! | Q = United Kingdom
i [
i I
; ! S5 = 3ingapore
I i
| i
! o e i e Week manufactured.
|
I
A o e i e Year manufactured

(yeurs since 1960}

1-14. The week code is set ahead by eight weeks to allow time for the
product to get from the factory to the dealer. For example, a calculator
with the week code 1945 was manufactured in week 37 {(37+8=45) of 1979.

Note: Some cerrors were made in the week codes for the first weeks 0of 3 new
year. For example, a week code of 1953 should read 2001.



SECTION
II

Theory of Operation

2=1. FUNCTIONAL DESCRIPTION

2=2, The HP-U1C/CVY/CX designs {(see figures 2-1 and 2-~2) are based on the
following primary electrical components:

a. The CPU (central processing unit),

b. One, two or three ROMs (read only memory).
¢. The D/S date storage circuits.

d. The display driver circuit.

e. The power supply.

f. The timer circuit (-41CX only).

The power supply is a conventional bipolar integrated cicuit (IC):; all other
ICs employ CMOS (complementary metal-oxide-semiconductor) circuitry, enabling
the calculator to have a continuous memory.

2=3. Manual input to the calculator is through a 39-position keyboard;
visual output is through an LCD (liquid crystal display) with 12 character
positiens. Four input/output (I1/0C) ports provide additional access to the
calculator. An audible aiarm is also featured.

2=-Y4. The system operates serially oh h6-bit information, with data
represented as binary-coded-decimal (BCD) numbers, and instructions and
addresses as binary numbers. The timing of the system is referenced to the
$2 signal from the CPU. (Signal nhames are listed in table 2-1.) A bit time
(the period during which a single bit of data is transferred) is the time
interval between the tralling edges of two successive ¢2 pulses. A word time
consists of 56 bit times (0 through %5) and is the basic interval for
information transfer,

2-5. CPU
2-~b. The CPU consists of elight basic sections:

Timing generator.

Instruction processor.

Address, status, and flag registers.
Data registers.

Arithmetic processor.

Conditional test logic.

Power control logic.

Keyboard interface.

L ] ] L k]

a1 B T 4 T o T g R e A F
L] ]

These are desceribed in the following paragraphs.
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HP-11

BATTERIES

POWER
SUPPLY

LIQUID CRYSTAL DISPLAY

DISPLAY
DRIVER Vee

1

2

SYNC

1SA

Inatruction

Address
Reglsters

—— —— ey —lE o ——

KEYBOARD

/0 PORTS

Figure 2-1. HP-41C/CV Block Diagram



HP-41 Theory of Operation

LIQUID CRYSTAL DISPLAY
BATTERIES
---41CX Only
Va
B4
Contral
POWER DISPLAY
SUPPLY DRIVER Vece
>
l-‘
=~ ALARM s
[
]
-
i
I OM
R
» I D
Ll T
(=
.
o ROM
! 1
allls
|
KEYBOARD TIMER
S
| —
l _*-

Figure 2-2. HP-#1C/CV/CX Common Board Block Diagram
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Theory of Operation HP=-41

2~7. Timing Generator. This section of the CPU includes logic for
generating three timing signals (¢1, #2, and SYNC) used to synchronize the
system ICs. The nominal oscillator frequency of 14430 kHz is reduced by a
factor of 4 to produce a system operating frequency between 343 and 378 kHz,
which 1s the frequency of the &1 and #2 pulses. These pulses have a width of
approximately one-eighth of a period. The ¢1 pulses lead the &2 pulses by
approximately three-eighths period,

Table 2-1. Signal Names

—

SIGNAL DESCRIPTION

B3 I/0 port coding

By 1/0 port coding

DATA Data line

DPWO Display power on/off line
FI Input flag line

FO Flag line to alarm

GND Ground

I[SA Instruction/address line

KCO thru KCh
KRO thru KR7
LLD
L1V thiru L3V
051

Keyboard column lines
Keyboard row lines
Low level detect line
Display voltages
Display oscilllator

POR Power-on reset line

PWO Power on/coff line

SYNC Timing/information line
VBAT Battery voltage

VCC system voltage

VCI Voltage control input line
VCO Voltage control output line
P Timing line

D2 Timing iine

2-8. The SYNC signal, consisting of a 10-bit pulse during bit times 44
through 53, has two main functions. The first SYNC pulse generated by the
CPU following power-on i3 used te initialize the timing circuits of the
system IC's., Subsequently, the presence or apsence of the SYNC pulse
indicates whether information on the ISA line is an instruction or an
address. (The SYNC pulse is suppressed when the system is

2-4



HP-§41 Theory of Operation

controlled by a plug-in accessory.) Additionally, when the CPU timing
circult is disabled (STANDBY and SLEEP modes), the CPU sets the SYNC line

equal to the DPWO signal from the display driver for access at the input/
output ports.

2-9. The CPU also includes a status counter which generates a four-bit pulse
at a digit time specified by the CPU instruction processor. It is used to
set conditions within the CPU.

2-10. Instruction Processor, The CPU instruction processor decodes
instructions arriving on the ISA line and directs the varicus sections of the
CPU to perform the necessary operations. If system control is transferred to
a plug-in accessory, the insiruction processor does not decode instructions
until system control is again returned to the CPU.

2-11. Address, Status, and Flag Registers,

This section ¢f the CPU contains:

a. A 16-bit program counter used for the current instruction address.

b. Four 16-bit address registers used for return branching from
subroutines.

c. A 14-bit system status register.

d. An 8-bit flag register used to store eight system flags (which are
all equal)., The CPU sequentially transmits the flag conditions on
the FO line during each entire word time. By periodically setting
and resetting the flags, the CPU can generate a signal to activate
the audible alarm.

2-12. Data Registers. The CPU data registers consist of:

a. Three 56-bit working registers (A, B, and C) used for arithmetic
operations by the CPU arithmetic processor. The C-register is
connected to the DATA line and is used for data transfer operations
with data storage,

b. Two 56-bit memory registers (M and N) used for temporary information
storage.

¢. One B8-bit register (G) used for the storage of portions of the
C-register contents.

2-15. Arithmetic Processor. This CPU secticn consists of a 56-bit,

serial, binary/BCD adder/subtracter which performs arithmetic operations
on all or part of the data in the A-, B-, and C-registers. It zlso
contains the logic for controlling data transfers among the CPU registers.

2-14. Conditional Test Logic. 7The conditional test logic is used to
test the state of various one-bit flags, including 14 input flags (FIQ
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through FI13) on the FI line from the I/0 ports, the low battery voltage
signal from the power supply, and the adder carry flag, key flag, status
bits, and arithmetic pointers within the CPU. The outcomes influence
branching at the CPU address registers.

2~15. Power Control Logic. The power control logic in the CPU exercises

the primary centrol of the system power mode. {The display driver determines
the power mode when the CPU is inactive.) In response to signals rececived on

the POR, ISA, DPWO, und VCO lines and from the keyboard interface section of

the CPU, the power control logic determines the system voltage level provided
by the power supply and enables or disables the system ICs. Control signals

are sent on the VCI and PWO lines.

2-16. Keyboard Interface., The keyboard interface logic in the CPU is
connected to the keyboard by five column lines (KCO through KC4) and eight
row lines (KRC through KR7). In RUN power mode the logic scans the column
lines, bringing each line low cnce every word time. When a key is pressed
(connecting the corresponding row and column lines), the row line is brought
low by the ceolumn line at the same rate, setting the key flags in the CPU
power control logilec and conditional test logic. The logic leads into the two
Keyboard interface buffers the four-bit codes for the row line and column
line. The resultant eight-bit code is used by instructions in ROM to
determine what operation is to be performed. Instructions in ROM cause the
system to ignore the keybeoard for 40 ms after a key is pressed and 5 ms after
a Key 15 released. These delays negate the effects of key bounce, which
ceuses multiple entries.

2=-18. The ROM (read only memory) consists of a set of ICs which contzin
micreoprogramming instructions which are used by the CPU to perfeorm its
functions, There are two possible configurations for the ROM ICs. Older
-41C and =-CV's are configured with three 40 Kbit ROMs,., The later models are
configured with one (=41C/CV} or two {-41CX) 120 kbit RCMs. Many operations
require instructions stored in more than one ROM. However, only one ROM is
accessed at any time. When the ROM address register in each ROM receives s
16-bit address from the I5A line, the decoder in that chip uses the most
significant digits to determine if that address is contained in its memory.
When the proper RUM has been addressed it will then transmit the information
stored at that address out on the ISA line. During this period all other
ROMs &are disabled. A timing circuit inside each ROM synchronizes the ROM's
operaticon with the rest of the system by using &1, #2, and SYNC from the CPU.

2-1%, Data Storage

2-20. The data storage (RAM) consisls of sets of ICs which are primarily

2-6



HP-41 Theory of Operation

used Lo store information which the user enters into the =47. The information
can be either user-entered programs or storage registers which contain either
numeric or alpha information. The earliest model of the 41C used 5 data
storage chips. Each of the 5 chips store 16 registers of information. Newer
-41s have a combination of data storage ICs composed of one 16 register IC
and 1, 5, or 7 of the 64 register ICs. These combinations result in the -41C,
-41CV, and -41CX respectively. A timing circuit synchrenizes the operation
of the IC with the rest of the system using the 1, 2, and SYINC signals.

c=21. The 16 registers in D/SQO are used internally for the X, Y, Z, T, LAST
X, and ALPHA registers, as well as for maintaining the internal status
information. The registers in the remaining D/S ICs are accessible to the
user for storing data and programs.

2~-22. Liguid Crystal Display

2-23. The display is a 12-character, liquid ecrystal display (LCD). Each
character position has 14 digit segments, 2 punctuation marks, and 1
annhunciator space, which are defined by three row lines (common tc all
characters) and six column lines. (See figure 2-3.,) The entire display
constitutes a 3-row by 72-column matrix which is activated by the display
driver.

2-24. A liquid crystal material between the upper and lower conducting glass
surfaces produces a visible contrast between a character segment and the
surrounding area when the voltage potential between the corresponding row and
column lines is at least 3V {(at 25°C). At lower voltages the contrast
decreases., No visible contrast is produced for a voltage potential of
approximately 1V. Optimum performance reguires the continuous applicstion of
an alternating potential whose maghitude determines segment turn-on.

2-25. In order for the dispiesy to maintain proper contrast over a temperature
range of 0° to 45° C, the peak drive voltage to the LCD must have an average
decrease of 20 mV for ecach degree of temperature increase. This temperature
compensaticn is provided by the power supply circuit.

2-26. Display Driver

2=27, The display driver performs three functions required to operate the
LCD: timing and control, data storage, and display logic and drivers.

2-28. Toe timing and control section processes instructions arriving on the

ISA line, direcls the flow of data intc the proper display data storage

2=



Theory of Operation HP-41

registers, and provides system timing information to the driver section
(utilizing the incoming PWO signal and internal status conditions).

2-29. The data storage registers allocate 10 bits of storage for each of the
12 character positions in the display. For each position one of these bits
controls the annunciator word; the remaining bits represent the character and
punctuation at the position.

]
< - p

| 10 ¢ 13 X

ﬂ/ ﬂ 9

249

Z {annunciaior) /

First digh is row number.

Second diqit is ¢column number.

Figure 2-3, Display Character Structure

2-30. Display logic encodes each character in the data storage registers
into the six appropriate column signals and stores them in the corresponding
drive registers. Using the three temperature-compensated voltages from the
power supply, the driver circuitry provides 72 column signals (12 characters,
each with six cclumns) te the LCD according to the information stored in the
72 driver registers, and 3 different row signals, one on each of the three
LCD row lines. Each of these signals has a complex, rectangular waveform and
i1s continucusly present while the display is active. The row and column
signals are structured such that each LCD segment that is Moff™" experiences
an alternating 1V potential; each segment that is "on" has a similar type of
signal except that a 3V peak potential exists during one-third of the cycle.,
Thus each LCD segment is continuocusly driven by an alternating signal (egqual
to the potential difference between the corresponding row and column signals)
with the peak potential determining segment turn-on. (Previous LED displays
have had digit segments being activated for approximately 1 percent of the

2=8



HP=-41 Theory of Operation

display cycle, with no voltage applied for the remaining interval.) The 3V
peaks are staggered so that at any instant only one row has segments belng
turned on.

2-31. The driver section also includes a timing circuit and clock. This
circuitry synchronizes the driver signals and causes the display to be
refreshed approximately 90 times per second. When the incoming PWO signal
from the CPU is high {(RUN mode), the timing circuit uses the 3YNC signal from
the CPU as a timing reference. When the PWO signal is low and the display is
to be active (STANDBY mode), the DPWO output line to the CPU is set high and
the internal driver clock synchronizes the driver signals for a period up to
approximately 10 minutes. When the PWO signal is low and the display is
inactive (SLEEP mode), the DPW0O output is set low.

2-32. Power Supply

2.33. Four replaceable 1.5V, size N batteries connected in series are the
standard source of power for the HP-U41. Three diodes (CR1, CR5, and CR6,
figures 4-8a through f) protect against reverse polarity and provige
isolation for the batteries and other power sources (such as in a plug-in
accessory). A storage capacitator (C1) temporarily supplies power to
maintain the system memory while the calculator is off and the batteries are
being changed.

2-34, The power supply circuit consists of a low-power bipelar IC and
discrete components which perform all voltage-control functions for the
gystem: system voltage supply and regulation, supply and temperature
compensation of the LCD voltages, low battery voltage detection (LLD}, and
system reset,

2-35. Two selectable voltage levels are available from the power suppliy.
While the display is active (RUN and STANDBY power modes), a voltage
converter circuit produces a regulated output of 6V (at VCC). When the
display is inactive (SLEEP power mode), the voltage output 1s approx imately
1V less than the battery voltage and is not reguiated,

2.36. The determination of the correct system voltage is made by the CFU,
which sets the appropriate signal on the VCI line to the power supply: &
current signal (at approximately 0.7V) selects the regulated 6V supply; a
grounded signal disables the regulator, selecting the unregulated battery
voltage. As the regulated supply 1s being activated, a differential
amplifier in the power supply circuit compares the supply voltage to a
reference voltage and generates a momentary ground signal on the VCO line to
the CPU when the supply voltage reaches 0V.

2-37. Three temperature-compensated voltage levels (nominally 1.1,
2.2, and 3.3V) are provided to the display driver by the power supply.

2-9
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A transistor in the power supply IC responds to changes in the ambient
temperature, producing the -20 mV/ C output variation required by the
display.

2-38. The power supply circuit monitors the input voltage level by
comparing it with a reference voltage generated internally. A differential
amplifier in the IC senses whether the voltage has fallen below 4.2V at the
IC, and if s0, it grounds the LLD line connected to the CPU.

£=39., The reset circuit initializes the CPU whenever the CPU is in RUN mode
and a decrease occurs on the Vec line, This circuit provides a method for
restarting the CPU if it "locks up" in a condition in which the system does
not respond to keyboard or peripheral input. With the system in RUN mode,
capacitor C9 (see figures 4-9a and b) is charged and transistors Q1 and Q2
are off. If Vec drops, C9 turns on {1, which then turns on Q2. Transistor
Q2 draws sufficient current to pull PWO low even though the CPU tries to hold
it high. This is sensed by the CPU, which interrupts its operation and
returns to STANDBY mode. (In later versions this circuit is included in an
IC. )

2=-40. Keyboard

2-41. Data is manually entered into the calculator through the keyboard,
consisting of 35 function keys and 4 operating keys mounted in the top case.
Each key is located above a dome-shaped "snap disk" which is mounted over the
keyboard PC. The 39-position keyboard matrix is connected to the CPU by five
column lines and eight row lines. When a key is pressed, the center of the
disk snaps down and makes electrical contact between the corresponding row
and column lines.

2-42, Input/Output Ports

2-43. The four input/output ports on the HP-41 allow the user to expand the
calculator's capacity and to have it interact with external components.

Electrical contact is provided by a flexible printed-circuit strip mounted on
a contact frame. The system lines which are accessible at the I/0 ports are:

$1 (timing line),

$2 (timing line).

SYNC (timing/information line).
ISA (instruction/address line).
DATA (data line).

PWO (power on/cff line).

FI {input flag line).

VBAT (battery voltage}.

VCC (system voltage).
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HP-41 Theory of Operation

j. GND {ground).
k. B3 (I/0 port coding).
1. BY (I/0 port coding}.

2-44. The B3 and BY lines from each of the four ports are wired differently
at each port sc that each plug-in accessory will have a unique identification
code. (Refer to table 2-2.)

Table 2-2. Coding of I/0 Ports

I/0 PCRT [/0 PORT B3 BY
LOCATION NUMEER CONTACT CONTACT
Upper Left 1 Open Open
Upper Right & VG Open
Lower Left 3 Open vCe
Lower Right q VCC VCC

2=-45. Audible Alarm

5406, The audible alarm is a piezoelectric device, which converts an
alternating electrical signal into a mechanical vibration. The signal 1s
senerated by the CPU and transmitted to the alarm on the FO line. Because
physical stress on the plezoelectric device can induce excessive voltage at
FO, diodes CR3 and CRYU (see figure 4-9) assure that the voltage across the
alarm does not exceed approximately 6V.

2=-47. SYSTEM OPERATICN

2_48. To the user, the HP-L41 appears to have twe power conditions: "on% and
Woff1, However, there are actually three power modes: RUN, STANDBY, and
SLEEP. The usec of these three modes provides extended batlery life by
minimizing the current drain.

5_4a. In RUN mode the CPU actively controls the flow and processing of data
znd the display presents information to the user. In STANDBY mode the system
timing and data processing are disabled, while the display contlnues o
operate. The calculator appears to be "on" in RUN and STANDBY wmodes. In
SLEEP mode all functions, including display, are disabled and the calculator
appears to be "off", although a low-level current maintaing the system's
mMemory.,

2-50. The following paragraphs describe system power modes and IC gonditioens
and responses corresponding to a typical sequence of operations.

2=-11
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2-51. Initial Condition

2-52. The calculator is in SLEEP mode when the PWO signal from the CPU and
the DPWO signal from the display driver are both low. The low PWO signal
disables the ROM and D/3 ICs to prevent them from responding to spuricus
signals. The power supply is inactive, leaving the systen voltage set at the
battery voltage level. The display and CPU are inactive. Only a minimum
current supply is required to maintain the system's memory.

2=-53. Power ON Response

2-54%. TWhen the power ON key is pressed, the CPU senses the ground signal at
its POR input and generates a current on the VCI line to the power supply.
(The same result is obtained by having a plug-in accessory momentarily set
the I3A line high.) The power supply then provides the regulated 6V and puts
a low signal on the VCO line to the CPU when the voltage is at the proper
level. The CPU initiates its timing signals (41, 2, and SYNC) defining bit
time 52, and sets PWO high at a bit time 54 to enable the ROM and D/S IC's
and the display driver. At this time the calculator is temporarily in RUN
mode. The CPU checks the status of the system, checks the I/0 ports, and sets
the display. A tramsistor circuit (Q3, R4, and R5; see figure U4-7) uses the
t2 signal to set the DATA line low at the start of each bit time interval.

2-55. After the necessary operations have been performed, the CPU sets PWO
low at the next bit time 54 to disable the ROM and D/S IC's and to cause the
display driver to set DPWO high and start its clock. The CPU clock stops at
Pit time 55, the SYNC line is set high, and the keyboard column lines are all
set low. The display remains active, with timing provided by its internal
cloek. The calculator is in STANDBY mode.

2-56. Key Entry Response

2-57. When a key is pressed in STANDBY mode, the corresponding keyboard
row line to the CPU is brought low through the column line. The CPU
responds by initiating the system timing signals (defining bit time 52)
and setting PWO high at bit time 54 to enable the ROM and D/S IC's and
to turn off the display driver c¢lock. The CPU begins scanning the

five keyboard column lines by sequentially grounding each line for four
bit times during each word time. (See figure 2-4.) The CPU loads into
its key buffers the two four-bit keycodes corresponding to the Key
pressed. The CPU also checks the status of the system and the I/0 ports.

2-58. The CPU carries out the specified operation by executing a series
of instructicons contained in ROM, The CPU obtains each instruction from
ROM by transmitting the 16-bit address of the instruction over the ISA
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line during bit times 14 through 29. The ROM containing the address
transmits the contents of that location over the ISA line during bit times 44

through 53. (See figure 2-4.)

iy WORD TIME
85 0 55| ]

o P L A L] L
®2 N U O LT g

44 53

SYNC

14 o 25 a4 53

ISA |

ADDRESS INSTRUCTION

|0 55 |

DATA

KCO0
K1 . i
KC2

24 27

KC3

l KCA4

Note: NMumbars indicate bit time intervals.

Figure 2-4. System Timing

2~59. If the transmitted ROM contents are an instruction to be executed, the
CPU generates a pulse over the SYNC line at the same time that the
instruction 1is being transmitted (bit times 44 through 53). This tells D/S to
monitor the instruction to determine whether action (such as data tranfer) is
required. The CPU executes the instruction during the following word time,
and increments its program counter by one to specify the next address.

2-60. If the transmitted ROM contents are an address tc be used for

branching, the CPU suppresses the SYNC pulse while the address is being
transmitted on the ISA line. This prevents D/S5 from responding to the ISA

signal. The CPU transmits this address during the next word time.

2-61. If a ROM instruction specifies a transfer of data, the data is sent
over the DATA line during bit times 0 through 55 of the next word time. (See
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figure 2-4.) The transfer is made serially, least-significant bits first.

2=-b2. When all specified operations have been performed, the CPU initiates
the power-down sequence described in paragraph 2-55, which places the
calculator in STANDBY mode.

2=-63. If additional keys are now pressed, the calculator returns to RUN
mode, as described in paragraph 2-57.

2-64, Power OFF Response

2-65. If the power ON key is pressed while the calculator is in RUN or
STANDBY mode, the POR input to the CPU is brought low through the KCO
column line. The CPU returns the calculator to RUN mode (paragraph 2-57)
and sets the display driver for immediate turn-off. At the next bit time
53 the CPU sets PWO low to disable the RCM and D/S IC's and the display.
The CPU stops its clock at bit time 55, sets the SYNC and keyboard column
lines low, and grounds the VCI line to the power supply. The VCI signal
disables the power circuit, causing the system voltage to drop to the
unregulated battery voltage. The calculator is now in SLEEP mode.

2-66. Alternately, if no additional operations are requested within
approximately 10 minutes following the beginning of STANDBY mode (paragraph
2-62), the display driver sets DPWO low, turns off the display and
deactivates its clock, The CPU responds to the DPWO signal by setting the
SYNC line low and grounding the VCI line to the power supply. This disables
the power supply circuit, dropping the system voltage to the unregulated
battery voltage. The calculator is left in SLEEP mode.
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Disassembly and Reassembly

The folleowing procedures desribe the steps necessary Lo disassemble and re-
assemble the HF-41 calculators in order Lo replace components or assemplles
that are faulty., For additional aid, see the exploded view, figure 6-1

CAUTION
Ensure that asdequate precautions sre buken regsrding elecirostatic
protection. Use the antistatic desoldering tool (86¢0-0227) and work
sl a bench setup that is electrostatically protected. Otherwlse, 1Cs
may be camaged.

3-1. CASE SEPARATION

a. Remove the battery case by pressing R + %ﬁmjﬁ%%%%ﬁ%
its top edge toward the upper ond of o e

o £5 % ‘%2 & 3
. o yi e Tt :3;%; : g
the caleculator until the case shaps : i -
free. |
A
| . . e
h. Hkemove and set aside batteries 1t i
L - ae i SRS 1
the customer has lcft any 1n the £ e
il G
Cale. ;*;‘.ii :%f i
¢. Remove the four rubber fecet from the 5@;@%§%
bottom case by 1ifting them out with a iHkisssgs
polnted Knife or tweezers.
P R R AR PRI ﬁ%ﬁﬂ;ﬂifﬁ%ﬁ%i&ﬁﬁ
' - -od A . i e 1 SRAaCE o B
d. Remove the four screws located 1n the wiiietnniy 5 mﬁﬁ%ﬁﬁmﬁg
f'oot recesses using @ smsll Phillips il L0 B dor . % Mﬁ%ﬁ%ﬁﬁﬁ;ﬁ
3 i IRTEAESTERMOT I, : ARELIE S ;
screwdriver. SRR, Y e e
o ';" I ‘_i?:;: P e e ‘g A A E:
R TSRS B i :
e, Lift off the bottom case and center e Ll m
case. S
St H&%*’EE
o it
"""""" TR Ly
Hi a::.:{f &
RHREN-EL L SERIAEE

st
i
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3-2. 1/0 ASSEMBLY REPLACEMENT

After separating the case (procedure 1}):

a. Remove the I/0 contact ESSETHbl}f from TR Faacostogig oo neodontons sB
the bottom case by lifting it out. P R
b. Install the 1[/0 contact assembly in S
the bottom case by lowering it into e
position., Be sure that the cross Jah
webs on the underside ¢of the Eﬁffgﬁ i i
connector are located between the B ufmg
tabs on the bottom case. If the
cross webs are properly aligned, the T W j i
bottom of the contact assembly will st bl i

seat filush on the case with only
slight pressure,

3-3. DISPLAY DISASSEMBLY AND REPLACEMENT

Note: If the display assembly is to be
replaced as a unit, perform steps a
through ¢ and i1 through 1.

CAUTION

Wear finger cots (part number 9300-0398)
and use care when handling the display
assembly. The front and back glass
surfaces of the LCD module each have a
plastic layer that 138 easily damaged,
and the contact fingers on the display
driver PCA are easily damaged.

After separating the case (procedure 1)

a. Unsclder the contact fingers from
the keyboard PCA.




Disassembly and Reassembly

HP-41

Remove the display shield from the
top edge of the display assembly.

bl-

assembly on your hand.

Remove the display assembly from tne
ted

keyboard assembly by lifting it out

top edge first or tapping the
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f. 1If necessary, replace the display
locator or the connectors on the LCD
module. A strip of adhesive
transfer tape holds the leocsator to
the raised portion of the back
surface cf the LCD. After removing
the oid adhesive, the locator is
installed by positioning the end
with the LARGE pin opposite to the
secalant end of the LCD. Then press
into place along the entire length.
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The adhesive side of the connector
is placed against the raised portiocon
of the LCD back surface and along
the side edge of the locator. The
connector should span all the
contact pads on the LCD. Do NGT
reuse any locators or connectors
that have been removed from the LCD.

g. Mount the display driver on the LCD, S 388588
being sure thal the pin on the dis- LS g
play locator fits into the hole in G RS
the driver. Use flush-cutting snips S AREE i
or a sharp knife to trim off any R o
portion of the pin that protrudes R gapnit
above the surface of the driver. : %ﬁﬁﬁﬁﬁﬁ
b
h. Install an insulator and c¢lip along ﬁ%ﬁ%@%ﬁn e
each edge of the display assembly. g R

place the insulator zlong the edge
so that the flap covers the surface
of the display driver; then slide
the clip 1nto place from the end of
the assembly. The curl in the edge
of each elip should be on the
display driver side.

i. Clean tne LCD surface, if necessary.
Use a cotton swab or soft cloth
moistened with isopropyl zlechol.

Do not use an abrasive cloth that
could scratch the plasiic surface.
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.\.w

J. Install the display assembly 1into jﬂ G Hﬂwhﬁéﬁ,f

the keyboard assembly. Be sure the
contact fingers it over the edge of
the keyboard PCA as the bottom edge
of the display is lowered into
pesition, then press the top edge
into place.

k. Solder the contact fingers to the
keyboard PCA. Be sure that the dis-
piay assembly is fully seated.

1. Install the display shield over the
top edge of the display assembly.

The ridges on the shield should face
toward the bottom-case location,

CAUTION
The DDH is a static sensitive part.
Always wear wrist straps when
handling this part.

L

3-4. LOGIC PCA REPLACEMENT

After separating the case {(procedure 1):

a. If you are working on an early 41,
unscrew the two nuts holding tne
logic PCA. Use the 1/84-inch nut
driver (8720-0002).

b. Lift off the logic PCA.

.

If necessary, replace the logic
connector, Be sure it is retained
by the posts on the keyboard
assembly.



Disassembly and Reassembly HP-41

' PSR L T
CAUTION e’ M’%W% 5
When removing the alarm disk, 1ift | - L
the foam tape with a thin tool. If Hei : v e
you pull on the edge of the disk, i St i
the disk may be damaged. qhn o e
d. Check the alarm-disk position to G = ' i el
ensure that it is properly located e - et s
on the logic PCA. A piece of - R T
two-sided foam tape located on the
CPU IC (U2} holds the alarm,
which 18 centered across the width
of the PCA and has its upper edge
centered on inductor L1 for the
HP-41C/CV. (In the HP-41CX, the
alarm is centered on the PCA board
using care to assure that the alarm
dees not touch other components .
Also make sure that the adhesive T W i RN ey
strip does not touch either lead of N 4 ) 4 |
crystal Yo.)
¢. Check the clearance of the alarm-
disk with respect to the toroid.
1f they are touching, or close to
touching, remove the alarm-disk,
replace the adhesive foam strip,
and reposition the alarm-disk.
f. Cheeck that the battery cover is not
damaged and is properly located by
the upper posts on the keyboard
assembly.
g. Install the logic PCA over the posts
cn the keyboard assembly, making
sure that the components face
upward, away from the keyboard PCA.
Make sure that all leads have been
trimmed on the underside of the
logic PCA.
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a— o LR R

CAUTION .

Do not apply excessive torque when gfgﬁfggéﬁfgﬁﬁ@f ;;%g; ;
tightening the retaining nuts; e
excessive torque may deform the top B

case or damage the threads. If the i
threads are damaged, use undersized :

nuts, part number 2740-0013. o i

- Ssast s

h. Install the proper size spacer or Ehhaien i i

install the two nuts onto the posts
using the 1/4-inch nut driver.
Tighten them until the logic PCA 1s
securely clamped in position. Newer
revisions use spacers or a meclded
back case instead of nuts.

3-5. CASE REASSEMBLY

a, Position the center case on the
keyboard assembly. The sides of the
center case have a slight slant,
Place the narrower span against the
keyboard assembly. The mold marks
should face up towards the back case.

b. Install the bottom case ontc the TRERET ot
center case. Make sure that the I1/0 5 “

contact assembly 13 seated squarely
in the bottom caze. The bottom case
should not completely seat against
the center case unless pressure 1s
exerted to compress the 1/C contact
assembly and alarm spacer.

[ ¥
£ % v & :
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If necessary, squeeze the contact
assembly between thumb and forefinger
to insure enough pressure when the
case closes,

¢. Install the four screws through the
foot recesses in the bottom case,
installing the two longer screws at
the upper end of the calculator. If
the case threads at the lower end
are damaged, use longer screws, part
number Q624-0436.

d. Attach four new rubber feet in the
recesses on the bottom case, pressing
firmly to assure complete bonding.

e. Install batteries in the battery
case. Observe the alternating
orientation of the batteries as
shown by the symbols on the closed
end of the battery case.

f. Insert the battery CdSe b}' plac‘.ing foimnnig g i e

:?-:?-a?: R R S e e B A e ude e e
“" HMHIHHE R ﬁ-ﬁ-'h:-'\-a-'bb -ﬁa. -hwa- B b A A R

its open end into the bottom case Hmﬂmﬁy» SR
adjacent to the contact assembly, i R
and then pressing the battery case

up and in.
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SECTION
IV

Troubleshooting and Testing

§-1. INTRODUCTION

4-2. The troubleshooting and testing procedures presented in this section
deal with the HP-41C, HP-L1CV, and HP-U41CX ealculators. Service information
for memory/applications modules is contained in appendix A. Service
information for plug-in accessories compatible with the calculator system is
covered in a separate manual for each accessory. Additional service
information is contained in sevice notes in appendix C.

on_J usen ] erGM ] aLera
) [ e [ T )
s — ; KEYBD  KEYCDE  DISPLY DIS AOM
KEY- ol | Ere | [orspLay D'S ROM
— —_— KEYBD  KEYCDE  DiSPLY D/S ROM
‘ xeaq| [sto |ncn. SST
STANDBY SLEEP CHARACTER MEM  appmOD 1 =i lplfie ez Sl At hie e
ENTER4 CHS| |EEX -~— -
— APPL RONT ID CPU X-MEM  8XAP ROM
APPL MOD ID CPU IO POAT APP MOD 2 MODULE
I — ‘ T B ]
—— Berrrrrr GEN ROM SERVICE
TIME
CR QA CR MTR CR BUF R READ MOCULE
X 1 2 3
CR WRITE
= 0 ] R/S
DEBOUNCE ] DEBOLNCE 00041-60937
ET-11966 06 1=T221

Figure 4-1. Key Assignments for Service Modules
as Represented aon Keyboard Overlays
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Troubleshooting and Testing HP=41

4-3, The troubleshooting and testing procedures incorporate the use of one
of two plug-in service modules, which are capable of testing the entire
calculator. The service modules and other tocls which are used to service
the HP-U41s are listed in table U4-1. Key reassignments made by the Iwo
service modules are shown in figure 4-1.

Table Y4-1. Recommended Tools

HHP PART/
MODEL LESCRIPTION
NUMBER
| F— — - |
50617221 Service Module CV/CX/Enhancements
0004 1-60937 Keyboard Overlay
ET-11966 Service Module #1C/CV/Card Reader
ET=-11945 Port Extender
0004 1-60940 Port Extender, Modified {see
paragraph 4-21 for modification)
includes 3 each 1490-0662
LED Arrays
Test Calculator Parts:
T-130639G o Modified Keyboard Asscmbly
T-180638 o Modified BotlLom Case
T-53328% Molded Holding Nest
8720~0002 Nut Driver, 1/H-inch
HP 821064 Memory Module (2 required)
8690-0227 Descoluering Tool, antistatlic
£690-0252 Descldering Tocl Tip, antistatic
8690-0129 Soldering Iron
8690-0130 Soldering Iron Stand
8700~-0003 X-acto Knife
8700-0006 X-acto Knife Blage
8730-0008 Small Flat-Blade Screwdriver
8730=-0020 Phillips Screwdriver

HP 190C/ Oscilloscope. Measures pulse atb

T

1801A/1820C 0.50 us; maximum amplitude 13Vdc.
0960-0062 Continuity Tester
HP 6213C Power Supply. Varizble supply
rated at 10 Vde at SA.(Add =
0.1 uf ceramic ceapacitor
zcross output terminals.)
HP 3469B Multimeter. Accurate to 0.07
Vde,
HP 100GH Oscilloscope Probe
HP 82145 Printer

0004 1-90001

000U1-904TY
Q0CH1-90492
00041-60939

HP-41C Owner's Handbook and
Programming Guide

HP=-41CX Owner's Manual, Vol.T

HP-41CX Cwner's Manual, Vol.Z

5081-5564 PC Board with IC
sockels




HP-41 Troubleshooting and Testing

4-4. The following paragraphs describe the procedures that are necessary to
troubleshoot the HP-H1s. The diagnostic tests detailed in paragraphs U4-7 and
§-12 are also used as the performance tests to verify the proper operation of
the calculator after it is repaired. Read through the entire procedure,
including table 4-2, before attempting to troubleshoot a calculator.

il

CAUTION
Ensure that adequate precautions are taken regarding electrostatic
protection. Use the antistatic descldering tocol (8690-0227), and work zt a
bench setup that is elecirostatically protected, Otherwise, I(8 nmay be
damaged,

-

4.%5. INITIAL PREPARATION

h-6. Perform the feollowing steps before attempting to troubleshoot the cal-
culator:

a. Visually inspect the calculator for case damage (including the overlay
latech}), I/0 contact damage, LCD cracks, disccloration, and bubbles (dark
spots). HNote any parts that require replacement,

b. Install four gocod batteries in the calculateor. Observe the alternating
orientation of the batteries as shown by symbols on the closed end of
the battery case. Does the calculator turn on? 1If so, Lry to duplicate
the customer's complzint. If not, follow the procedure in figure #4=3,

¢. Remove the batteries and insert power through an I/0 port. Turn the
calculator on, and zttempt to duplicate the customer's complaint.

o If the problem relates to low-batfery detection, use port power
(without the service module installed) and press the ON key. Then
press a function key. If the low battery annunciator appears in the
display the low battery detection circuit is operating properly. If
the low battery annunciator does not appear, check the LLL and VBAT
line continuity through to the display.

o If the customer complaint is a ecalculator lock-up problem but attempts
to duplicate the problem with normal battery operation fail, remove
the batteries from the calculator. Insert the service module in an
1/0 port, and apply power intec another 1/0 port. Turn the calculator
on and quickly remove and then reinsert the power. The calculator
should lock up. If recovery can nol be accomplished by pressing any
function key, proceed to the diagnostic tests in paragraph 4-7.

o For other problems, or if the problem is not known, proceed to the
diagnostic tests (paragraph 4-7 or 4-12).

o If the customer returns the patteries with the calculator, test them
using the battery test (paragraph 4-16).

Note: The service medule is a tool only. Tt does not detect zll defects.,
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