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General Information |

1.2, This service manual contains information _

necessary 10 troubleshoot and repair the HP-31C caj-
vulator, Appendix A gives information for testing plug-

in memory modules and applivation modukes., Scervice

izlurmation for other plug-in accessories is presented

in separale manuals. ~

1.3, The manual is divided into six.sections. which

give:

3. A genersl deseription of the HP-31C cajculatyr
{section [).

0. An explanation of how it works (section 11},

c. Information for disassembly and reassembly

"~ (s=ction II).

d. Sweps for troubleshooting and testing the caleulutor
(section [ V). '

e. A description of the plug-in service module
(saction V). 5

. A list of replaceable purts (section \;I}.

4. DESCRIPTION

1.5, The HP-4!C is a handhald, ilphanameric -
programmuble scientific culculator with inpul/output
capabilitics and a continuous memory. (Ser figure
I-1.) It atso features a user-definable keybuoard for
personalized usage.,

1-6. The HP-4!C system is designed for acqurate
service. The use of a plug-in service muodule gives &
reilable cheek of the entire calculator und provides a
visval output of its diagnosis, virtnally eliminating

iroubleshoating for most repairs.

1-7. The specifications of the HP-4I1C are sum-
marized in table 1-1. A detailed description of the
proper use of this calculator is contained in the
AP-31C Owner's Handbook and Programming Guide.
Operating conditions whick result in an error message
afre prescnted in appendix E of the handbaok. ‘

Primary Dats Storage Ragisters .

Tha standagrd MP-41C hes §3 cagisters hat can
be Jtocated 1O cara stocage ar Rrogram m

in any combination. As you agd HP
Mmm:{mhiumj.m-mminumrﬂmgﬁ-
1ors Can increase @ 319 (B84 registers for each
hemory mbduld), Whan alocated, data sior
2ge ragnsisrs numbered A, through R, ars
Primary Oulz Storage Aagisters,

I"‘"_“—"“""—"’_—“I
e

R R

TEXR -

=F-- ¥
EEw £ & 2 |
= xm a3 ||
=N - N

e
B L g

* My ey
S m
Extended Caia Storage Registers =
‘When aliccated, dota storage regisiars num- . reyn
bered Riyq through Ry, ai® Sxtended Dala 5
Slorage Fegisters. - i ok
' Anael___] = 22 B ==
* | - » intn e
Aoe ] ‘ =

Frogram Memory

Al registers that are not aliocated as Primary oc |
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Liquid crystal display has 12 characiers pn:tlmn:. nnd ’

FPhysical Properties
I..cngth:‘ |4.27 centimeters (5,62 inches).
Widti 7.86 centimeters (3.00 inches).

. ‘Height: 3.33 certimeters {1.3! inches).
o Weight: 205 prams (7.2 ounces) with batleres.

Power

» Baneries: Four [.8Y. size N batierigs, replaceable
* by the user,

« Daltefy curent, worst case:
l 30 mA (RUN mode).

1 mA (STANDBY made).
50 uA (SLEEP modea).

.

| Temperatuere
o Opuerating: 0" 10 45°C {32° 1o 113°F).
e« Siorage: —20° ta 65°C (—&° 10 14Y"F).

1-8. IDENTIFICATION
1.9.  The serial number of the calculator is wsed for.
identification and determination of warranty status. It
is located on the bontom case at the upper right-hand
cammer, adjacent to the O ports. Jts format is described
below:

A

YY WA g XXXXX

Sequence nurnber,

Loeation manufactured;
A = USA
B = Brazil
Q = United Kingdom
S = Singagore

Wﬂ&k manufactured.

Yeiar manufacivred
(yeurs since 1VED),

12 annunciator words.,

P
Each character position consists of [7 segmems, in-
cluding 3 pun::u:tinn segments.

Mumbers are shown wuh maximum of 10digis, of nn_

8.digir ma.unm and Mgn EXPONENL.

Displayed numbers are rounded io the I.ut dnplu}':d |

digit: calculations are performed :mr.-rm]iy Wikt ar
lezst [0 digits.

Range of displayed numbers is tlﬂﬂﬂl}mo: (g

to =9.9999599x 10" plus zem.

Alphanumeric characters inciude A through Z. u
through e, & throungh 9, plus 37 special characters.
same of which can be obusined only by using special
plug-in accessories,

1

¥
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2-1. FUNCTIONAL DESCRIPTION

2.3, The HP-31C dasign {ses figure 2-1) is based on
11 primary electrical camponents:

&

circuit.

b, Three ROM (read-only memory) mlcgrntcd
circuils.

¢. Five data storage (DM/S) integrated circuits,

d. The dispkiy driver hybrid circuit.

‘e. The power supply imegrated civguit,

The power suppiy is 2 conventional bipolar integrated

circuit {ICY: all other IC's employ CMOS (comple-
mentary metal-oxide-semiconducior) cireuilry.

enabling the calculator to have 2 continuols memory.

2-3.  Manual input to the calculator is through a 39-
position keybourd: visual output is through an LCD
(liquid crysial display) with 12 characrer positions.
Four input/output {1/O) ports provide additional access
to the calculator. An audible alarm is also featurzd.

2.4.  The system operates serially an 56.bit infor-
mation., with data represented os binary.coded-decimal
(BCD) numbers, and instructions and addresses as
binary numbers. The timing of the system is referenced
o the O2 siktnal from the CPU. {Signal names are
[isted in table 2-1). A bit time (the period during which
a single bit of date is transferred) is the time interval
between the trailing edges of two successive P2 pulses,
A word tme consists of 56 bit times (0 through 55}
and is the basic intcrval for infarmation transfer,

f"

2-5. CPU

<0,  The CPU is the core of the caleulator. it
consists of eight basic sections, which are described in
the fullewing paragraphs:

The CPU (central processing umt} inteprated

Timing renerator.

Instruction processor.
Address, status, and flag registers,

3
b
¢
d. Duta registers.
€. Arithmetic proccssor.
f

Conditional 1est logic:
Power coniral logic.

h.. Keyboard interface.

2-7. Timing Generatar. This section of the CPU
inciudes logic for genevating three timing signals (P,

2, and SYNC) used 1o synchronize the sysrem IC's.
The nominal oscillator frequency of 1440 kHz is
recducad by a factor of 4 10 produce a system operating
frequency beiween 343 and 378 kHz, which is the [re-
quency of the @1 and 2 pulses. The D! pulses have a
width of approximately one-eighth of a period; the P2
pulses are 1wice as wide, The 91 pulses lead the P2
puises by approximately one-fourth period.

Table 2-1. Signal Names

SIGNAL DESCRIFTION
B3 | { O pon coding |
B4 /O port coding

- DATA ' Datz line |
DPWO Display power onfoff line
Fl Input flag linc
PO Flag line to alarm

GND ! Ground i
ISA Instructinnfaddress linc
K0 thry KC4 Keyboard column lines
KRO thru KRY Keyboard row lines
LL.D Low level devect line
LiVihrul3V Display voltages
0§81 Displuy nseillawor
POR Power-on reset line
FWO Power onfofT line
SYNC ' Timing/informatiun line
Voar - | Battery voltape
Vor 1 System voliape
V. Volwge conteal input line
Ve Vuoltage control output line
Q| Timing line
42 | Timing line !

2.4
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2-8.  The SYNC signal, consisting of a 10-bit puise
- during bit times 44 through 33, has two main functions.

The first SYNC pulse penerated by the CPU following

* 1} power-on is used 1o initislize the timing circuits of the

system IC's. Subsequéntly, the presence or absence of
o the SYNC pulse indicates whether information on the

3 . . 1SA lineis an instruction or an address. {The SYNC
B pulse is suppressed when the system is controlled by a
.. plug-in accessory.) Additionally, when the CPU timing
=07 eircuit is disabled (STANDBY and SLEEP modes),

s+ . the CPU sets the SYNC line equal 1o the DPWO signal

P .. from the display driver for access at the input/output
"'.":;‘ e ports. |
TF Y 2.9, The CPU also includes a status counter which
= 7.7 generatesa four-bit pulse at 2 digit time specified by the
zi+™ o CPU instruction processer. It is used 1o set conditions

o - within the CPU. ]

. .~ 2-10. Instruction Processor. The CPU insiruc-
-Fj_"'%-- % tion processar decodes instructions arriving an the 1SA
SR . * line and directs the various sections of the CPU to per-

a5+ . form the necessary operations. If system control is
érekina” - transferred 1o a plug-in accessory, the instruction pro-

'_r_q_ﬁ - cessor does not decode instructions until system control
'%L"_ﬁ_ 'H__*ls agam retumed to the CPU. '
ra 5"'} 3 '2-41.. Address, Status, and Flag Ftagmtaru.
}_-.._.-f .. This section of the CPU cantains:
5~ i s A 16-bit program counter used for the current
% N instruction nddress.

""1_ I © b. Four 1&-bit addrgss registers used for return
o ﬂ ' branching from subroutines.

E&Tﬁh}' -C. 14-h:t systemn Status register,

'!*"; -'- d. - An Sbil flag register used to store eigit symm
= _1-_‘: ;" flags (which are all equal). The CPLUJ sequentially
;‘L R " transmits the flag conditions on the FQ line during
i atiaw ., ; each entire word time. By perindically setting and
diwd o resetting, the flags, the CPU can generate a signal

'g:::"' to activate the audible alarm.

T4 242, Data Registers. The CPU daa registers
T, consist of:

a. Three 56-bit working registers (A, B, and C} used

for arithmetic operalions by the CPU arithunetic
-, processor. The C-register is connected to the
. 'DATA line and is used for data u-.-msf:r operations

with data storage.

b, Two 56-bit memory registers (M and N} us:d for

temporary information storage.

c. One 8-bit registar (G) used for the storage of por-
tions of the C.register contents,

) Theary of Oparation

2-13. Arithmatic ‘Processor. This CPU section
consists of a 56.-bit, serial, binary/BCD adder/ subtrac-
ter which performs arithmetic opefations oa all or part
af the data in the A-, B-, and C-registers. It also con-
tains the logic for controlling data transfers among the

CPU registers. - o

[ 3

2-14. Conditional Test Logic. The conditional
test logic is used (o test the state of various one-bil
fiags, including 14 input flags (FI0 through F113) on
the F1 line from the 'O ports, the fow battery voltage
gignal from the power supply, and the adder carry flag,
key flag, status bits, and arithmetic pointers within the
CPU. The oucomes influence branching at the CPU
address regisiers.

2.15. Power Control Lagic. The power control
logic in the CPU cxercises the primary contyal of the

system power mode. (The display driver determines

‘the power made when the CPU is inactive.) In response

to signals rzceived on the POR, ISA, DPWO, and Vo
lines and from the keyboard inmterface section of the
CPU, the power control logic determines the system
voltage laval provided by the power supply and ¢nables
or disables the system IC's. Control signals are senton
the Vo and PAWVO lines,

2-16. Keyboard Interface. The keyboard inter-
face logic in the CPUJ is connected to the keyboard by
five columa Lines (KCO through KC4) and eight row

" Tines (XRO through KR7). In RUN power mode the

logic scans the column lines, bringing each line low
once gvery word time, When a key is pressed (con-
nectiog the corresponding row and column lines), the
row line is brought low by the column line &t the same
rate, setting the key flaps in the CPU power control
logic and conditional 1est logic. The logic loads into the
two keyboard intesface 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
opcration is to be performed. Instructions in ROM
cause the system o ignore the kcyboa.rd for 40 ms after
a key is pressed and 5 ms after a key is released. These

delays negate the effects of key bounce, which causes
multiple entries.

2.3
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2-17. ROM

2-18. The ROM (read-only memary) consists of
three IC's =ach containing 4096 10.bit micropro-
grammed instructions that are used by the CPU to

execute the specified operations. Most operations
require instructions stored in more than one ROM.
However, only one ROM ix acressed ar any time.
When the ROM address registar in each ROM receives
a 16-bit address on the [SA line, the decoder in each

ROM uses the four most significant bits of the address |

to determine if the addressed location is in that ROM.
The praper ROM is enabled and transmits the ad-
dressed instruction on the ISA line: the remaining
ROM's are disabied. A timing circuit in each ROM
synchronizes the ROM's operation with the sysiem
timing using the @®i, 92, and SYNC signais from the
CPU.

2-18. Data Storage

2-20. Data sworage (D/S) consists of five 1C"s, each
containing 16 56-bit registers. Only one /S 1C s
enabled at any time. When the decoder in each I1C
receives & D/S register location on the ISA or DATA
line in conjunction with a data transfer instruction on
the ISA line, the enabled D/S IC executes the tnsttug-
tion using the indicated ragister; the remaining IC's are
disabled, A timing circuit in each IC synchronizes the
D/S operation with the system timing. |

2+21. The 16 registers in D/S C are used intemaily fur
the X, Y, Z, T, LAST X, and ALPHA registers, as

well as for maintaining the intermnal status information.
The registers in the remaining four DJ/S IC's are
accessible to the user for storing data and programs.

2-22, Lliguid Crystal Display

2.23. ‘The display js a I2-character, liquid crystal
display (LCD). Each character position has 14 digit

segments, 3 punctuation marks, and 1 annunciator

space which are.defined by three row lines (common
ta all characters) and six column lines. (See figure 2-2.)
The =ntire display constitutes a 3<tow by 7T2-c6lumn
matrix which is activated by the display driver.

2-24. A liquid crystal material betwesh the upper and

lower metalized glass surfaces produces 3 visible .
conirast between a character segment and the sur-

rounding area whén the voitage potennal between the
corresponding row and column lines is a1 least 3V
(2t 25°C). At lower voltages thé contrast decreases.

-4

. 2-29,

No.visible contrast is produced for a voltage potr.'.nll.Li
of approximately 1V. Optimbm performance requires <70
the cunlmuuus npp[mnlmn of an altr.-matm; pnl:nlml 5 }.

__________

2-25.
contrast over a temperature range of 0° 1o 45°C, the

peak drive voltage 1o the LED must have an av:rngc'_ %
decrease of 20 mV for sach degree of lemperamre 0
increase. This tempersture :umpcmnlmn is pmﬂdcd |

by the power supp!y cm:u:t.

2—25 Display ﬂrivar .

2-27. The display. dnvnr p-ert'urms Ihm': Funr:nnns. .

required to operate the LCD: timing and conwol, data
siorage, and display logic and dnivers,

2.28. ‘The timing and contral section processes
instructiaons arriving on the ISA line, directs the flow
of daia into the proper display data stumg: regislers,
and provides system t:mmg information to the driver
section (utilizing the incoming PWO stgm;l and internal
status conditions).

"The duta storage registers allocate 10 bits of

starage for each of the [2 characier 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,

In order for the dispiuy (0 mnihtaiﬁ'prﬁp&f
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1-30.  Display lopic cpcodes cach chameter in the

data storage segisters inio lhe six appropriste column

sionals and stores them in the comespuonding drive
registers, Using Lthe three temperalure-compensated
voltages from the power supply, the driver circuitry
provides 72 colusnn signals (12 characters, each with
5ix columns) te the LCD according to the information
stored in the 72 driver registers, and 3 different row
sipnals, une an each of the three LCD row lines. Each
of these siznals has a complex. rectangular waveform
and is continuously present while the display is active,
The row and column signals are structiured such that
euch LCD segment that is “off™" expetriences an
alternating |V potential: each segment that is “‘on™
has 3 similur type of signat except that a 3V peak
potential exists duriny one-third of the cycle, Thas each
LCD sexment is cantinuopsly driven by an altermating
simnal {equal 10 the potential difference batween the
_¢orresponding row and column signals) with the peuk
© potential determining segment turn-on. (Previous LED
displays have had digit segmenis beinz aetivoted for
appraximately | percent of the.display cycle, with no
-voltage applied fur the remaining interval.) The 3V

peaks are stapgersd so that at any instant unh one row

has sepments being turned on,

2-31, The driver section aisa includes a timing ¢irouit

and clock. This circuitry synchronizes the driver
slunals and eauses the display o be refreshed approxi-
matefy 90 times per second. When the incoming
- PWO signad from the CPU is high {RUN mode), the
tinting circuit uses the SYNC signal from the CPUasa
iming reference. When the PWQ signal is low and the
display is o be active (STANDBY mode), the DPWO

. output Tine w the CPU is set high and the internai -

driver ctock syncheonizes the driver signals for a period
up 10 aporosimately 10 minates, When the PWO signail
is low and rhc du.pl.ly is jnactive {SLEEP mode), the
DPWO output is set low.

2-32. Power Supply

2-33. Four replaceable 1.5V, size N batteries
connecled in series are the slandard source of power
for the HP-41C. Throe diodes (CR1, CRS, and CRS,
figure 4-7) protect against reverse polarity and provide
isolation for the hatteries and other power sources {such
as in a plug-in accessary). A storage capucitor {C1)
temporarily supnlicy nower (o maintain the sysiem
memory while the caleulator is off and the hatteries are
being vhanged.

Theory of Operation

2.34.  The power supply citenit consists of a lows
power bipolar IC and diserele components which per-
form all voltage-control luncrtions for the system:
system voltage suppiy and regutation, suppiy and em-
perature compemiation of the LCD voltuges, low
battery woltage detection (LLD), and system reset.

2-35. Two selectable voliage levels are availuble
from the power supply. While ihe display is active

{(RUN and STANDBY power modes), a voltage
copverier circuit produces a regulated ouiput of &V
tar Vo). When the display is inactive {SLEEP power
mode), the voluige output is approximately 1V loss
thun the baitery voltage and is not regulated,

2-36. The determunation of the correct sysigm

" voltuge is made by the CPUL which sets the appropeiate

signal on the Voq ling w the power supply: 4 cumment
siznal {4t approxinuncty 4. 7V) selewts the repuluted 6V
supply: a grounded signal dispbles the regulator,
selecting the unregulated battery voltuge. As the
regulated supply is being activated, o differential

. amplifier in the power supply circuit compares the

supply voltage to a reference voltage and gencruies @

- momentary ground signal on the V¢, line to the CPU
" when the supply voliage reaches 8V,

2.37. Three temperature-compensated voltage levels
(naminally 1.1, 2.2, and 3.3V) arc provided o the
displuy driver by the power supply. A transisior in the
power supply 1C respands ta changes in the ambient
temperature, producing the =20 m VO output varia-
tion required by the display. |

2-38. The power supply circuit monitors the input
voltage level by comparing it with 2 reference volluge
generated internally. A differential amplifier in the IC
senses whether the voltuge has fullen below 4.2V at
the IC, and if 50, it grounds the LLD [ine connecied
o the CPU.

2-39. The reset circuit initializes the CPU whenewver
the CPU is in RUN mode und & decrease occurs on the
Ve 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, cupacitor C9
(sce figure 4-7) is charped and tramistors Q1 und Q2
are off, If ¥V, drops, CF lurns on Q1 which then tums
on Q2. Transistor Q2 draws sufficient current o pull

- PWO low even though the CPU trics 1o hold it high.

This iy sensed by the CPU, which inlerrupts its aper-
ation and returns STANDEBY made,

2-5
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2-40, Keyboard

2-41. Dutz is manually entered inlo the caleuiator
throupht the kayboard, consistiag of 35 function keys
and 4 operating keys mounted in the top case Euch
key 18 located above 1 domea-shaped *snap disk®* which
is moumed over the keyboard PC. The 39-position key-
bourd mutrix is connected 1o the CPU by five column
lines and eight row lines. When a key is pressed, the
cenrar of the disk snaps down and makes electrical con-
tact between the corresponding row and colunin lines.

2-32. Input/Qutput Ports

2-43. The four input/output pors an the HP-41C

allow the user to expand lhe calculator's capacity

and to have il interact with external components. Elec-
trical contact is pruvided by a fiexible printed-circunt
stip mounted on o contact frame. The system liney
which are sccessible at the /O ports ure:

a. @1 (timing line), -

b. 92 {iming linc).

¢. SYNC (timingfinformation line).

d. ISA (instruction/address line).

DATA. (data line).

PWO {pawer on/off line).

F1 (input flag line).

Vaar (battery voltage).

.

Ve (system voltage).
GND (ground).

B3 (/O port coding).
B4 (/O pornt coding).

i -

2-44. The B and B2 [ines from each of the {our pors
are wired differently at esch port so that each plug-in
accessory will have a unique identification code. (Refer
to table 2-2).

‘.

Table 2-2, Codimp of I/O Ports

LO PORT | 1/O PORT B3 B4
LOCATION | NUMBER | CONTACT | CONTACT
Unper Left I Open Qpen
Upper Right 2 Ver Cpen
Lower Left 3 Open Ver

I L ower Righ! -+ vq_-._ vrr

2-6
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2-45. Audible Alarm

2-46. The audible alarm is a piczoelectric device,
which converts an alternating electrical signal inle a
mechanical vibration. The signal is generuted by the
CPU and trunsmitted to the alarm on the FO line. Be-
cause physical stress on the piczoelectrie devies can
indure cxcessive voliage at FO, diodes CR3 and CR4
(see figure 4-7) assure that the voltige across the alurm
does not exceed approximately 6V,

2-47, SYSTEM OPERATION

2-48. To the user, the HP-41C appears to have twao
powcr conditivns: “‘on™” and “'off."" However, thers
are actually three power mudes: RUN. STANDBY,
and SLEEP. The use of these three modes provides
extended battery life hy minimizing the curren! drain.

2-489.  In RUN mnda the CPU zauively controls the
flow and processing of data and the display presents
information 1o the user. In STANDBY mode the sys-

tem timing and dats processing are disabled, while the

displuy continucs 1o operate, The caleuiaiar appears o
be ““on”" in RUN and STANDRBY modes. In SLEEP
mode all functions, including displayv, are disabled
and the calculator appeurs to be **off,”" although a low-
level current maintains the system’s memeory. :

2-50, The following paragraphs describe system
power modes and IC conditions and responses corre-
sponding to a typical sequence of aperations.

2-31. Initial Condition .

2-52. The caiculator is in SLEEP modz whan the
PWO signal from the CPU and the DPWO signal from
the display driver are hoth low. The low PWO signal
disables the ROM and DIS 1C's to prevent them from
responding to spurious signals. The pawer supply 15
inactive. leaving the sysiem voltage set at the battery
veitage levet, The display and CPU are inactive. Only
a minitmum current supply is required to maintam the
system's memory.

2.-53. Power ON Hespansa

2.54. When the power ON key is pressed. the CPU

-senses the sround signal ar its POR inpuat and genertes
3 curremt on the Viq line 1o the power supply. (The
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came result is obtained by having a plug-in avcessory
momentarily set the 1SA line high.} The power supply
then provides the regulated 6V and puts a low signal on
the Ve line to the CPU whea the voltage is 3t the pro-
per level. The CPU imitiates its \iming signals {(®1;
P2, amd SYNC) defining bit time 32, and sets PWO
high at bit time 54 to enable the ROM and D/ ICs
and the display driver. At this time the calculator is
temporarily in RUN mode. The CPU checks the status
of the system, checks the L/O ports, and ses the dis-
olay. A transistor circuit (Q3, R4, and R3; se= figure
4.7) uses the O2 signal 1o set the DATA line low at the
start of each bit 1ime interval.

2-55.  After the necassury operations have been per-
formed, the CPLU sats PWO low ar the next bit time 33
o disable the ROM and D/S 1C’s and to cause Lhe
display driver to set DPWO high and start its clock.
The CPU clowk stops at bit 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
imermal clock. The caleuiator is in STANDBY mode,

- Theary of Operation

2-56. Key Entry Response i

2-57. When 3 key is pressed ir: STANDBY mode,
the corresponding keyboard row line to the CPU is
bruoucht low thrmough the column line. The CPU re-
sponds by initiating the sysiem liming signais {(defining
bit time 52) and setting PWOQ high at bt time 34 to

enable the ROM and D/S 1C*s and ta tum off the display

driver clack. The CPU begins scanning the five key-
board coluran lines by sequentially grounding each line
for four bit times during each word time. (See figure
2.3.) 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 sysiam and the /O~

ports.

2.58. The CPU carmries out the specificd operation by
axecuting & series of instructions contained in ROM.
The CPU obtains each instruction from ROM by rans-
mitting the 16-bit address of the instruction over ihe

ISA line during bit times 14 through 29. The ROM .

cantaining the address transmits the contents of that
lacation over the ISA line during bit times 44 through

53. (Sce figure 2-3.)

e ——————————— "'1
EF e WORD TIE _ —;iu- |
1 IIHIiHlII!IJ_J_LLLLLJ_HIIIIHIHIIIIHIILLU_LJ_LLI.LLULHIHHIJ_lill
$2 IH||H!|!|!IH|HIHHHH”.“H”H“”llHHHHIIHILLLI.;JJ_U_
* sne UL — r -
. T4 o4 ' dd ﬂl
ISA |
AUDRESS INSTRUCTION |
] o |
DATA I ] Im]
. | L . 1 i
KGO I: ) 1
KC1 C - = T L |
K2 : o " : e
. l . L I - i
KC3 . | | B |
1 20 29 I
Kea | " 7 - |
1 - |
i |
1 |

Moie: Rumbers Indiceia bl time iniervels.

Figure 2.3, System Timing
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7-%0.  Ifthe wrunsinitted ROM contents are an instruc-

. tion 1o be cxecuted, the CPU generates a pulse over the

SYNC line at the same time thut the instructian is being
transmitied (bit times 34 throuph 53). This 1ells D/
to monitor the instruction 1o determine whether action
(such us data transfer} is required. The CPU executes
the instruction during the following word time, and
inctements its program counter by one 1o specify the
nex: address, |

2-60. Ifthe transmitted ROM contents are an address
to be used for branching, the CPU suppresses the
SYNC pulse while the address is being transmitted on
the [SA [ine. This prevents D/S from responding to the
ISA signal. The CPU transmits this address during the
next word ume. :

3.41. 1f a ROM instruction specifies a transfer of
data. the data is sent over the DATA lire during bit
times O through 55 of the next word time. (See figure
2-3.) The jransfer is made serially, least-significant bils
first,

2-62. "When all specgified operations have been
performed, the CPU initiates the power-down sequence
described in paragruph 2-55. which places the calcu-
lator in STANDBY made.

2.63. If additional keys are now pressed, the calcula-

2-8
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tor returns w0 RUN mode, as described in paragraph
2-57.

2-64. Powar Off

2.65. ) the power ON key Is pressed while the ¢al-
culutor is in RUN or STANDBY made, the POR input
o' the CPU is brought low through the KCQ column
line. The CPU retums the calculator to RUN mbde
(parugraph 2-57) and sets the display driver for imme-
diaic turn-off. At the next bit time 53 the CPU sets
PWO low to disuble the ROM and DS 1C's und the
display. The CPU stops its clock ar bit time 53, séts
the SYNC and keyboard columa lines jow . and grounds
the V. line 1o the power supply. The V¢, signal dis-
abies the power circuil, causing the sysiem voltage 0
drop 1o the unregulated battery valtage. The calculator
is now in SLEEP mode.

2.66.  Alernatcly. if no additionai operutions are
requesied within approximately 10 minutes fpilowing
the beginning of STANDBY mode (paragraph 2-02).
the display driver ssts DPWO low. turns off the dis-
pluay and deactivates its clock. The CPU responds to the
DPWQ signal by setting the SYNC lmne low and
grounding the Vi line to the power supply. This
disablas the power supply circuit. dropping the sysiem
voltags to the unrcgulated battery voltage, The calcula-
tor is left in SLEEP made.
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The followinp proczdures describe the steps necessary =
to disassemble and cezscemble the HP-41C e order t0 CAUTION

repiace components or assemblies that arc faulty. For Ensure that adequate precautions are taken
additional aid, see the cxploded view, figure 6-1. ragarcing electrostatic protection. Use the |

aniistatic desoldering tool {B690-0227) and
work at a bench setup lhat is electrostatically
protected. Otherwise, |IC's may be damaped.

a—

CASE SEPARATION

n. Remove the baliery cuse by pressing its lop P et o
edge taward the upper end of the caleulator uatil SR AT R T
ihe case snaps [ree, . | " il

b. Remove and set aside batieries if the customer
‘has left any in the case.

c. Remove and discard the four rubber feet
from the butiom case by lifting them oul with a
pointed knife.

d.  Remove the four screws located in the foot
recesses using o small Phillips screwdriver.

¢. Lift off the bottom case and center case.




E /O ASSEMBLY REPLACEMENT '

After sepuruting the cise |provedure )

2. Remove the 1/O contact as:i'umhly' {from the
bolnm cuse by [ifiing it oul,

b, Instaiithe 1/O contact assembly in the bottom
case by lowering it inla pasition, Be sure that the
croas webs on the underside of 1be coanector ane
kcaled between the tibs on the bottons case. 1f
the cruss webs are praperly aligned, 1he baftum
ol the contact assembly will seat flush on 1he
vase with unly slight pressure., |

B_ DISPLAY DISASSEMBLY AND REPLACEMENT

MNote; if the disbiay assembly is Lo be replacad
as a unit, perform steps a through ¢ andj
- through /,

CAUTION

Waar finger cots (part number 8300-0398)
and use care when handling the display
assembly. The front and back glass sur-
tzces of the LCD module each have a plas-
tic layer that is sasily darmaged, and the
contact fingers on the display driver PCA
are easily ¢amaged,

After separating the case (procedure 1)
3. Unsolder the. coantact fingers from- the key-
bourd PCA.

A5

»

3-2

[ AP

= £ ?

S,

':_‘]:...t-:‘q: ot

izt ot

-

T
m-ﬂ-""l‘:—.“h

ke
1B




¥

HP-410C

Disassembly and Reassembly

b. Remove the dispiny shield from the top edge
of the display assembiy.

¢. Remove the display assembly from the key-
board ussembly by lifting it out top edge first
or tapping the inverted assembly on your hand.

d. Remave the display clips and insulators from
the long edpes of the display assembly. Grasp
the assembly and firmly pull each clip outward,
one at a time. '

»

e. Separate the LCD and display driver by
rolating the driver about the pin on the display
Jacaror until they separate, "
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3

I necessary, replace the display locatlor wre
connectors on the LCD modoie. A strip of
adhesive trunsfer tape holds them to the raised
portion of the LCD back surface. Afler remov-
“ing the old adhesive, the locator is installed by
positioning the end with a gap nver the soldered
end of the LCD, and then pressing it into ploce
“along its eatire lengih. The tab along cuch con-
nector is ¢centered in the gap in the locator edye;
the conncctor should span alif of the contuct pads
un the LCD. Do not reuse 2 locator and connec-
ors that have been removed from the LCD,

Mount the display driver on the LCD, being
sure that the pin on the dispiay locatar fits into
the hole in the driver. Use flush-cutting snips or
a sharp knife 10 trim off uny partian of the pin
that protrudes above the surfuce of the dniver.
Install an insulator and clip along each cdge
of the display assembly. Secure the upper edge
first, First place the insulater slong the edze so
that the flap covers the surfice af the display
driver; then slide the clip into place from the ¢nd
of the asscmbly. The curl in the edge of euchclip
should be on the display driver side.

Clean the LCD surface, if necessary. Us¢ a
cottor swuab or soft ¢loth maoisiened with iso-
propyl gleohol. De nor use an abrasive cloth that
could seraich the plastic surface,

Install 1the dispiay assembly intothe kevbaard
assembly. Be sure the contact fingers fit aver
the edge of the kevboard PCA as the bouom
edoe of the dispiay s lowered o position. then

press the 1op edge imo place.

Solder the contact fingers to the keybourd
PCA. Be sure that the display assembly is fully
seated. - -

. Install the display shield over the top edge af

the display assembly. The ridges on the shield

shonld face toward the bottom-case locution.
w»
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ig | LOGIC PCA REFLACEMENT

After separaling the case (procsdure 1):

a. Unscrew the two nuts holding the logic PCA.
Use the %-inch nut driver (8720.0002).

b. Lift off the logic PCA.

¢. If necessary, replace the logic connector. Be
sure it fs rernined by the posts on the keyboard
assembly.

CAUTION

When remaving the alarm disk, liit the foam
tape with a thin tool. If you pull an the edge
. of the digk, the disk may be damaged.

d. Cheek the alarm-disk position to ¢nsure that it .
is properly located on the logic PCA, A piece
" of two-sided foam tape locaicd on the power
supply {U2) holds the alarm, which is centered
across the widihs of the PCA and has its upper .
edpe centered on inductar L1,

&. Check that the battery cover is not damaged
and is properly located by the upper posts on the
kevbourd assembly,

. Install the logic PCA over the posts on the key-
buard assembly, making sure that the compo-
pents face upward, away fram the keyboard
PCA. Make sure that ali leads have been 1nm-
med on the underside af the logic PCA.

gyl

‘ undersized nuts, part number 2740-0012. ]

g. Install the two nuis anto the posis using Ihe
Vi«inch nut driver. Tighten them uniil the ogic
PCA is sccurely clamped in position.

lg—— Par— -

| Di:sassumbly and Reassembly

CAUTION
Do not apply excessive torgue when tight- &
ening the retaining nuls; excessive torque s GRS
may deform tha top case or damage the N s e 4
threads. If the threads are damaged, use ot T
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E CASE REASSEMBLY
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i

Position the center cuse un the keybourd as.

- sembly. The sides of (the center case have a slight

siant. Place the nurrower apan against the Key-
board ussembiy.

Instafl the hottam case onto the cenler case.
Muke sure that the /G contuct assembly is seated
squarely in the bottom case. The bottom cuse
should not compietely scuat apninst Lthe centér
elat untless prossure is exerted o compross the
1/Q camact assemhly and alurm spacer.

Install the four screws through the foot
recesses in the botiom case. installing the two

longer screws uat the upper end of the culeula.

wr. If the case threads a the lower end ane
dumaped. use lunger serews, part number
0623-0436.

Attach faur new rubber feet in the recesses on
the bottom case. pressing firmly 1o assure com-
plete bonding.

install batteries in the batery case. Qbserve
the aliemuting orientation of the battenies as
shown by the symbals on the closed end of the
butiery cuse.

Insert ihe hattery case by placing its open
and imo the botom case adjocent to the contadt
uﬁcml}l}*. and then pressing the battery case up
und in. |
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Troubleshooting and Testing

[]
E + - 4+

4-1, INTRODUCTICON

4-2.  The troubleshooting and testing procedures
presented in this manual deal with the HP41C calen-
[atar only. Service information fur plug-in aceessories
compatible with the HP41C system is covered in a
separste munual for euch accessory,

4-3.  The iroubleshooting and testing procedures
incorporate the ase of a plug-in service moduls, which
is capable of testing the catire calculator and indicating
faulty components. The service module and ather 1o0ls
used to service the HP-31C are listed in 1able d-1, Key
_rapysignments made by the service module are shawn in
figure 4-1,
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Table 4-1. Recommeaded Tools
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Figur:ﬁ-l. key Assipnments for Service Module

— -
HP PART/
MQDEL DESCRIPTION
NUMBER |
ﬂ_——;———-———_—-——-—.—-
ET-11945 Service Module
ET-11967 Flag-Wired Memory Module
T-11845 Port Exiender
T-135741 Service Clump
Test Calcuiator Parts:
T-150639 o Muodified Keybeoard Assembly
T-190638 o Modificd Botom Caseg
T-93328* Malded Holding Nest
8720-0002 Nut Driver, X4-ingh :
HP 82106A Memory Module (2 required)
3650-0227 Desoldering Toaol, antistatic
8690.0253 - Desoldaring Towl Tip, anistanc -
3630-0129 Soldenng Ion
8690-0132 Saoldering Iron Stand
§700-0003 X-acto Knife
§700-0006 X-ac1o Knife Blade
8730-0C08 Srmall Flat-Blade Screwdriver
£730-0020 Phillips Screwdriver
HP (80C/ Oscilloscope. Mcasures pulse at
1801A/1820C 0.50us; maximum amplitude
13 Vde.
Q600062 Continuily Tester 'l
HP 6213Ct Power Supply. Variahle supply
- rated at 10 Vde at SA, (Add a
0.1 paf ceramic capacitor
26108s autput terminals,)
HP 3469B% Multimeter. Accurate to 0,01
i Vdc. | |
HP 100041 Oscilloscope Frobe
8300.0198 Finger Cots
Q004 | 50001 HP-41C Qwner” s Handbook and
' Programming Guide
|
r“w—-_—l——__l_————_qw——uﬂ_—-“
* Sarme aa thae fur Classic and Sevies E,
T Ot evmivaicnr.
B
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| rouplesncoting and |esiling

4-4.  The lollowing pamapraphs describe the pro-
cedures that are necessary 1o troublexhoot the HP-41C,
The diagnostic test deeniled in paragraph 4=7 is also
used 3s the performance test o verify thc proper
operation of the calcuiator after it is repoired. Read
through the entire procedure. including tuble 4-1,
before atiempting 1o troubleshoot a calculator,

CAUTION

Ensure tha! adequale precautions are taken
regarmpg electrostatic protection. Use the
antisfatic descldering tool {8690-0227) and
work at a bench satup thatis elecirostaticaily
protected. Otherwise, IC's may be damaged.

4-5. INITIAL PREPARATION
Perform the following steps before um:m;iling

10 Lmublr.shnut the calculator:

a. Visually inspect the calenlator Jor case damage
{including the overlay latch), VO contact damage,
LCD cracks, discoloration, and bubbles {dark
spots). Note uny pars that require replacement.

b. Install four pood batleries in the ealculator.
Cbserve the aliernating orientation of the batteries
as shown by symbols on the closed end af the
battery case. '

c. Determine the customer's cancern, If possible.

Frequently the customer includes with the caicula-
tor a message describing the problem.

s Ifthe problam relates to low-bartary detzction,
first parform the disgnostic (est sequence
(puragraph 4-7) and then perform the low-level
detection test (paragraph 4-11).

EE Preparation

Be sure the caleuiator is off.

Insen service module in lower left YO port.
Insert flag-wired module in lower right [/O port,
Insert two memory moduies in upper /O pars.

*

HF-41C

‘& 1fthe problem relates w the caleulator not turn-
ing on or not responding to keystrokes, reses
the CPU by removing and reinstalling the bal-
tery pack. Then perform the diagnostic test
sequence {paragraph 4-7). (if the custamer has
already removed the batleries, this will have
reset the CPU).

s For other prablems, or if the problem is aot
known, perform only the diagnastic test (para-
graph 4.7}, |

s If the customer retumns the batieries with the
calculator, test them using the barery rest
(puragraph 4-16).

4-7. DIAGNOSTIC TEST

4-8.  Perform 1he dingnostic tost procedure outlined
below. For cach step that is described. the proper LCD .
display is shown at the right. This listing gives the
responses for a good caleulatar: ather responses can
occur and indicate improper operation. {Euch * below
denotes an alarm becp.)

s [Tthe proper responses are obsarved, the culculator
is good,

o I an error display occurs, refer to the correspond-
ing section of the detaifed listing (table 4-2) and
continue testing using chat table. Be sure 1o record
each LCD error message to aid the répair process,
Repair the caleulator according to paragruph 4-9.

Note: Do not operats the calcutater on bat-
teries for an extandad period of time with the
aervice moduie plugged in. This module pre-
vents the system from switching ¢ a low-
power mode and can causa axcessive ballary
drain.

{biank dispiay)
(blank display)
{blank display)
{blank display)

SELECT TEST {***)




HP-33C - Troubleshooting and Testing

Press the {uses] key, (Press und hald the [R7S) key to pause at any display.)

0/5 D/S TEST
. RIS OK

ROM | ROM TEST

ROM OK
m

Keyht}ard ‘ KY8OARD TEST

Presseach lu:‘l.' laft-t10-right, tap-to-bottom, This includes thefon) , [dsER]. (Pac), KYBOARDTEST (")
and (AiLAnal k:ys :

If uny other message is displayed, press (7S] (R73). then repeut this test by KYBOARD OK
pressing (v] or {£+], and verifly keyboard operation.

KYBD AGAIN?
Standby
Press the key, | | STANDBY TEST
Press any key {except O8] ). STANDBY QK
;Bi Sleep SLEERP TEST
_ _ (blank display)
Press any key (except [Ga) ). | | {biank display)
Press the @n] key. SLEEP QK [*)

n e
E! Multiple Summary o | ALL TESTS OK

If ERROR appears in .the disptny; the numbers that follow indicate which
af the previous tests resulted in an ervor: 1 =display, 2=D/S, 3=R0OM, 4=
koybaoard, J=standby, §=xsieep.

Press the kay. - SELECT TEST

E!:I Character

Press the (379] key. (Press and hoid the key 1o pause ar any display.) PRAIL JESDMIJN
LMROPIRSTUFM
=S g I A
UL 1l B dL-)
RN AL IR sy B
CxuoPhrobede ™ T
FIRE Mgl L

Press the 77E] Ley. SELECT TEST

4.3
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4-3. REPAIR AND TEST

10, Alwer completing the procedures in the diag-
ROSHC lesl sequence, repiace bad components using the

guwidchines beluw. For reference information concem-

ing companent logitions and part nunibers, use figures

4-6, 4-7, und 6-1 and rables 45 and §-1.

¢ 1 uny components are individually specified as
bad, replace them. ‘

o |I any components are specified as possibly bad.,
decide which lest crrurs may be relited and replace
the companent thut is most likely causing thom.

o Certain crror pussinlities may be resolved by
mstullinge the logic PCA in o rest caleulator and
trving the uppropriate osis apuin,

& Il the sume RUM emror occurs afier any indicated

ROM's huve been repluced, other ROM's may be

interfering with their operation, in this case,
replace other ROM 18 until the ROM ermmor is

A

Fignre 4-2. Test Culculnior

Troubleshooling and Testing

cloart

LI L
Wl A W
K TL]

ROM 2. ROM 1. amining any that have already
heeh replaced.

If memiory is not preserved in low-puwer modes
istandby or sleep tests), replace the indicared IC's
untly if' a few are specificd ur if they may be causing
oiher error conditions. If most of the [C"s included
in the low-power memory check are specified.
replace the power supply {bipolar) IC. (Refer in
tible 4-4 for additional power supply trouble.
shonting information. ) |

+-11.  Rerun the entire dingnostic west (pumagraph 4.7)
after repairing the logic PCA or the caleulutor. The
lopic PCA may be tested using 2 test caleulutor as
shown in figure 4-2, Test the camplete caleulator with-
out fulfy assembling it by using {he service clamp
shown in figure 4-3. 1f additional repairs are required,
be sure 10 rerun the diagnostic test,
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Troubieshooting and Tesung a1

Table 4-2. Detailed Diagnostic Test Procedure

This tuble presents a detailed description of the dingnostic test procedure. For each siep, conditions that can occur are
listed and the LCD displays are shown, '

STEP | | DISPLAY

Preparation

4. Be4ure that the calculator is ofl, If the display is active, press the BN kay
to turm it off.

0. Insert the service module in the lower lefi VO pont. Do not.insert any modules
while the cakulatar is turned on.

¢. Insert a flag-wired memory madule in the lower right 'O pont. This moduie
permits the testing of the FI (flag in) line from the /O port.

{. Insert two good memory modules in the remaining FO ponts. These modules
provide additional loading on the sysiem lings m order 1o appraximae worst-Case
operating conditions and permit testing of all VO ports.

) E CPU Test

a. Press the [0 key to tum on the ¢alcuiator and stant she diagnostic test. Watch

{or: '

e Triple beeps and this flashing LCD message indicate thar the alarm and tested SELECT TEST
portion of the CPU are good. If this expecied display is not observed, but
portions of it are recognizable in the actual display, or if the display is flashing,
then the CPU is still considered 16 be good. {The message CPU OK may
appear momentarily in the display.)

o This LCD message indicates that the CPU is bad, Press the (04) key (o turn CPU BAD
off the calcufator, Refer to table 4.3.

s Forany other CPU test result, the diagnosis or procedure is given in table 43,

Nate: An erratic, intermittent, or sqﬁeaﬁng sound is not a valid alarm
beep. If such a sound persists, it indicates that the CPU is nat
property contralling the alarm signai.

b. If the alarm is bad, replace it now only if the CPU is being replacad ar if the
expecicd display was not recognizable, then restant the diagnostic test. Otherwise,
replace a defective alarm whan replacing other components o af the end of the test,

¢. Pressthe (UZER] key to select the muitiple Lest sequence with manual interaction,
consisiing of lests 3 through 9,

-6
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Table <-2. Detailed Dizgnosiic Test s rocedure (Condinued)

Troubleshoaoting and Testing

STEP
Display Test =
2. Waich for:
« This LCD messape or 2 continuous ajarm tone indicales that there is a bad
D/5 IC in the system. If the plug-in memory modules are known o be good and
the LCTD message is legible, press the key to go on o the next test.
" OQtherwiss, perfonm step c.
r s This LCD message or a senes of single beeps indicates that the display driver
r or CPU is bad. If the LCD mestape is legible, press key (o go on o the
aext test, Otherwise, perfurm siep ¢,
T e This LCD message or a series of double besps indicates that the display driver
s bad. Lf the LCD message is lepible, press the key 1o go on to the next
est. Otherwise, perform step ¢ .

'b. Observethethree visual tests to evaluate the brightness, contrast, and response
of the LCD unit. Make sure that there are no missing or extra segments. Press and .
hold the key o make the display pause; release it to continue,

(1} Starburst-comma-anauncigior test. Check that afl LCD segments
(except upper dois) lurn on, Look for both segments in ¢ach comma,
(2} Scolon test.
{
[3] @'tﬁl.
c. Replace faulty compenents indicated by previous LCD messages or by the
visual lest, and then restart the diagnostic test. Evaluate components as follows:
e Nonuniform or weak contrast or black spots (bubbies) in the dispizy indicate
that the LCD iz bad, A bad power supply {bipolar} IC or improper operation of
the clock in the display driver can also cause poor overall contrast,
« I!mproper operation of display segments or no display is most likely enused by
t bad Jisplay driver, Other less likely causes include defective dispiay con-
t nectors, a bad LD, and a bad power supply (bipolor) 1C.

i

DISPLAY

SOME D/S BAD

DRIVICPU BAD

DISP DRV BAD

422333222223, |

Wil ailak1 w1 o EREE el

&
E [ ]

9.

&
5.
c.
=

L,

v
1)

ra

3
ra
F3
b3
fa
3
Fa
LIE )
13

D/S Test

Watch for: _
Any change in the display indicates that the display dnver 15 bad.
This LCD massage indicates that all internal D/S 1C*s are pood.

This LCD message indicates 1hat any specified D/S IC's are bad. Press the
key to continue,

D/S TEST

DIS OK
DS 0, 2, BAD

3 v

4.7
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Tuhly 2. Detailed Diapnostic Test P;'ncudun! tCuniinued)

- 8TEP

ROM Test

2. The flag annunciaters indicate which ROM IC is being testad (0, 1, or 2).

h. Watch lor:
o This LCD message indicales thnl all intermal ROM's are good.

» This LED message indicates that any specified ROM IC's are bad, Press (he
- key to continue,

(I N e B

DISPLAY

ARCM TEST

ROM OK
ROM 0,2,BAD

— i el _— —— T

Keyboard Test
2, Press sach keyboard key, left-to-right, top-to-bonom. This includes the four
operating (switch-type) keys at the upper end of the keybaard, Watch fors

& A beep or this LCD message zfter each keystroke indicates that each pressed
key is puoad. Continue pressing keys,

e« This LCD message after ull of the keys have been pressed indicates that all of
the keys are good. Go on to step b,

s This LCD messuge indicates that a double entry has been ciused by noisy kev
caaract. Press the (ar [GM] } key owice o o on o siep b,

s This LCD message indicates thar the pressed key is bad or that the keying was
- improper. Press the (R7S) {or [GN] } key nwice [0 ga on [0 siep b,

b, Decide whether to test the keyboard agnin. This decision also will influence
the keyeode aat laser.

! o If all of the keys are good. press the [#78] key ar (%] {no) key to go on to the

next est.

e ITakeyboard error occurred, press the [ ] (yes) key or the [I+] or key
theyboasd et kevs) 1o repeat this 1est. Nots which keys cause efvors or whether
improper keying causes emors.

Standby Test

Observe the display for at least 3 scconds after the siant of this test:

« No changes in the compnsition 20d quality of the display indicate that the
display driver is pood.

s Any change n the display indicates that the display driver, oscillutor capacitor
{CIJ, or CP1iJ is bad.

e This LCD message indicares that the CPU is bod. Press the (A7S] lr.cy 0 ga on
ta the nexi tast,

b. Press any key (excep {ON] ) after the observation period. but before |0 minutes
has elapsed, Waich for:

#» This LCD message indicates 1hat the caleularor aperaies properly in
STANDBY power mode.

s This LCD massage tndicates that the contents of any indicated COMPUNENIS ace
not preserved in STANDBY mode, Thix lest cheeks the cantents of the D/S 1C"s

{0 through &), Either the indicated IC's ur the power supply {bipolar) ]C is bad.
Press the [aiS] key 0 :ummun:

[EER—

KYBOARD TEST

KYBOARD TEST
KYBOARD OK

DOUBLE ENTZR
KYBOARD BAD

| KYBD AGAIN?

i, R S

STANDBY TEST

CPU BAD

STANDBY OK

MEM 1,2,L0OST

18
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Table <=1, Detxiled Diagnostic Test Procedure (Continued)

- Troubleshaoting and Tesling

STEP

Sleep Test

2. Ohserve the display after the siart of this 1ast:
# A blanked display indicates that the display has been properly disabled.

e This LCD message indicates that the CPU is bad. Press the (R/5]) key to go on
to the next test, ’ _

 Any other display indicates thal the display driver is probably bad. A bad CPU
is 2 second, but less Iikely, cause.

b. Press the (A75] Key to check {or no response. Any other kays {except the B
key) may alse be ried. Waich for:

s No response is the proper outcome. |
« Any response indicales that the display driver or CPLU is bad. Also, the next
sie¢p may not fuaction properly.
¢. Press the Key to tum on the calculaor. Waich for

» Abcep and this LCD mes sape indicates that the calculazor operates properly in
SLEEP power mode.

e ThisLCD message indicates that the contents of any indicated components are
not preserved in SLEEP mode, This test checks the contents of the display
driver {D} and D/S {0 through 4). Either the indicated IC"s or the power supply
(bipalar} IC is bad., Press the key lo continue.

g: Summary

a. Wateh for:

e This LCD message indicales that the tested portions of the elzctronic com-
poncnts are pood. This message does aor give any indication of alann or LCD
- performance.

keyboard (3], standby (5], and sleep (6).
b. Press.the key to select the next test.

Character Test

‘2. Press the key 1o seleet the character test.

<. Press the key w sefeet the next text,

DISPLAY

SLEERP TEST

(blank display)
CRU BAD

SLEEP QK

MEM D,2,LOST

ALL TESTS OK .

o - This LCD inessage is a reminder that the indicated tests in this sequence were ERRQR 3,5,
not passed. These tests are summarized: display {1), DiS (2}, ROM (3),
SELECT TEST
{ b Observe the seven LCD displays for improper character structure (extra or 2R3 EEF E He SH
missing segments). Any improper structure indicates that the display driver is bad. LRNOPLrs o P
Press and hold the key to make the display pause; release it 1o continue. % "‘ E T :" P
‘ 8 2343Hh 1898
CuLsProebede” T
A A L
SELECT TEST
. 4-9
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Table 4.2, Detuiled Dingnustic Test Procedure (Continued)
STEP DISPLAY
Keycods Test
a. Press the i/ or Key to select the keycode tesi. KEYCODE TEST
b. Ifthe keyboard is guod us Jetwermined {rom the earlier keybourd |es1. pu o stepe.
c. Press each suspected Key as determined from the keyboanl test. Nawe which
keys pive erroncous responses. Watch for
‘e If the proper keycode is displayed, that key is functioning praperly. The 43
keyeode represents the row and sumber af the pressed key. (The wpper four
operating keys comprise tow {.)
e i there is no respanse, use sicp d to determine the bad compunent.
s [fthe wrong keycode is displayed. use stepd 1o determine the bad component. -
s This LCD message indicates thal a double entry has begn ¢aused by noisy key DOUBLE ENTER
contact. (Rapid double-keying can alsa cause this message.)
» This LCD message indicates that the CPU is bad. CPRU BAD
d. Press other Keys on the same row und column lin2 as each bad key (see balow) |
ta determine if it is an isoiawed bad key or a bad row or column:
& [theneis an isolated bad key, the keybourd assembiy is bad. {Ex::plinﬁ: an
isujated key giving an incorrect keysode indicates a bud CPU.)
o If there is a bad row or column, I key line is open or shorted {kKeyboard
. assembly. logic beard, logic connecior) ar the CPU is bad.
I L TS, DR ) PN Lok SO S
saia N R
i | §
% - 4
Cmespa-a-iw | g f |
- L ] I" E i.:
——y '-a:r-'r.- —Hiu.:.:....-— Tonems e P W E li
M‘.ﬂfju SR T TRRT L L D I-‘E—
Aaialini
AQW LINES COLUMN LINES

.10
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Troubleshooling and

Table 4-2. Detuited Diagnostic Tes Trocedure (Continued)

STEP

W

DISPLAY

Tasting

____._______._——.—_—_—-—m-hﬂ_—_—_—-"'__—_“u_—q

F.

EE! ROM tdentification Check

3.

b.

i |

Press keysinthe rollover area (2,4, 5, 6, and B keys) 1o 1est for proper two-way
rallover response. For each of the four combinations, press and haid the 5 key,
nress and hald ona of the adjacent keys, release the 3 key (observing the correspond-

ing keyeode, 63, in the display), and then release the second key (obssrving its

row and key number). A keyende shauld appear in the display when the key is
released.

o If both keveodes aze carrect for each combinution, the CPU is properly detect-
ing the Kevs,

» Ifcither keyeode is not comrestly displayed for any combination and ail of the
kevs operated properly individuaily, thes the CPU ix bad,

Press the lar fon] ) key twice 10 go on o the next test,

/O Port Test
Press the [Egx) hey to select the VO pon test. Be sure that the sarvice module

- and & flag-wired memory module are inserted in the lower IO pons and that two

goud memory modules are insered in the upper VO ponts. With this set-up,
\his test checks all MO port lines excepr Vgar at 3l ports, DATA at the

service module port, asd F1 at thé two ports to the side of the flag-wired
muodule poet. Warch for .

o This LCD message indicates thar the 1ested port-Tmes are good,

e This LCD messapge indicates that any specified function or port does not
respand properly. This test checks the F1line (F) and all four pors: upper feft
(1). upper right (2), lower lefi (3), and lowes right (3). The most probable
cause is 3 bad /O contacl assembiy.

Mote: il is marmal for the service module port fo be included in this
message since it doas not respond on the DATA line. This is not an
error condition.

Press the key to turn off the calculalor.
Interchange the service and flag-wired modules in the lower YO ports.

. Press the key to wrms on the calculator.

Press the [ixz) key to sslect the VO part test, procesding as indicated in step a.
(This retost cheeks the untesied DATA and Fl lines,)

Press the [(R7%] key to select (he next test,

SELECT TEST

PORTS OK
F.2,3,FAIL

Press the [=] key o seiect the internul ROM ideéntification check. This LCD
message indicates the revisiun code for each of the three intermal ROM IC's.

Press the key 1o sclect the next iest,

14
a.
b
e

Test Eeiecﬂunﬂ:nmpletlgn*

If necessary, press any designated key to perform the carrésponding 1gsi {sce figure 'I )

4-1) in order to verify a2 bod component. Nafmally; this siép is riot required.
Press the key Lo tum off the calculator, completing 1he test.

LMY,

Remave the plig-in modules. Do aot unpiug them while the ealcitstor is turned |

10 PORT TEST

'SELECT TEST

| SELECT TEST

R

_T.j'F_'*QM' 0:0 1:D 2:C|.

SELECT TEST
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Talle &3, CPU Test Procedures
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CPU TEST
RESULTS

{2)

Triple beepy; SELECT
TEST ar flashing display

Triple beeps; unrecog-
nizabdle or blunk display

Na beeps: SELECT
TEST or flashing display

Mo beeps; CPU BAD or
ather display

Single beep; blank, COU

BAD ., or other display

Mo beeps; bank display

L Nnta:r For & blan

4-12

g1

Use this tahle o inl::rprc! fh": resulls of 1he CPU wst (performed by the service mndule). For a particular oetcome teolumn
&), E:rg-r.?md as indicated in the eolumn thal comresponds to the present stasus of the calculator. Use enlumns 2 and b for
the initia! test of the caiculutor. If the lopic PCA has alrcady been iesied and nepaired. use columns o znd o,

Calculalor with
Untested Assermmblies

(b)

CPU good, alarm good.
Proceed with diagnostic
=

CPU good, alarm good.
Proceed with diagnastic
1£3t.

DIAGNOSIS/PROCEDURE

Logic PCA in
Test Calculator

(c)

CFPU goad, alarm pood.
Proceed with diagnostic
test of jogic PCA,

CPU pood, alarm good.
Proceed with diagnostic
lest of lopic PCA.

CPU good, alarm circuit
bad. Procead with diag-
nostic test,

CPU bad. alarm cirenit
bad. Replace CPL and .
repair alarm circuit, then
resiart igst,

CPU bad, ajarm good.

Replace CPU and restart

[est.

CPL good, alarm circuit
bad. Proceed with diag-
nostic test of logic PCA.,

Calculator with
Goad Logic PCA
{d}

Proczed with diagnostic
lest,

Proceed with diagnosiic
test.

e e e e e e . |

CPU bad, zlammn circuir
bad. Replace CPU and
repair alarm circuit, then
restart test

CPU had, zlarm good,
Replace CPU and restan
p 18

1. Remave and insert
banery pack, then
restart lest.

2. Unplug any acees-
sories and restart lest.

3. Test the logic PCA in
test calculator. (Use
columns g and ¢ of this
table.}

1. Check for powar
supply problems (table
4-4).

2. Inspectrraces and con-
nector for defeets, then
TRsiart test.

3. Replace CPU and

 festart lest.

¥ dispiay, turn ofi the calcutator by ramaving tha battery pack.

|. Inspecrtraces andcun- ,‘

neciors {or defects,
then restart test,

2. Replace display driver
and resiarT test.
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Table 4—4 Power Supply Troub_shouting Procedure

J—
Use this procedure to check (or power supply problems if the caleulatar will not wm on. After inspeciing the (races for
shorts, the logic PCA should be instalied in 3 test calculator. Replace companenis as indicated in the second column.
Procecd 1o the next step only if none of (he conditions in the second celumn cecur, Stop esting when the calculator can
turm on. '

1. Insett service module and port exwedder in O
- poris.
2. Try to tum on the caleulator, !
. 3. Mensure V. (port extonder). - - [+ IF greater than 6.8V, replace U2,
l IF6.0 Vo 0.BY, guto step 9.
4. Measure Vi, of four zood banteries in battery If legs than 3.8V, check baueries, insta)iation,
case.” ' hattery case.
5. Mausure Va,r {port exiender). | IF zaro, check CRS, cnnnectars, fraces.
If tess than (Viy—0.5) Vdc, check Ci, C3, €89,
I C10, excessive IC load.
6. Meuasure Ve {port extender}. if less than (Vaae—1.0) Vde, check CR2, T1, C3,
' L9, excessive IC load.
| if greszter than 6.0V, go back to siep 3.
7. Press (Got to tum on calculator. |
d. Measure Vpo (port extender). {  If greater thar 5.8V, replace UZ.
If less thun 6.0V, measure Vo, (R l2ad nextto U7
e If Vi, is less than (Vec=—1.3) Vdc, replace U1.
e |If Vi, it greater than {Vee=~1.5) Vde, eheck
CR1, C3, C&, RZ, R3, T1, replace U2 if nec-
eysary.
9. Measurs Vo (C5 tead next to C3). If greater than 1V, check C5. replace U2, Ul if
: Necessary. ' ,
10. Observe CPU oscillator signal {across Li}. If no oseillations are observed, check G4, C7, L1,
' T replace Ul if necessary.
11. Observed®l, G2, SYNC, and ISA signals {port If all signals present and caleulator does not re-
2xiemder), | spond, check connector {Pl). repiace Ul, U3,
‘ U4, US tf necessary. |
: If some signals are present, remove and reinstall the
batlery case, then repeat this step. [F sume signals
present, replace U1, check for excessive 1C load.
T If no signals are present, replace UL

" Mueasupe Yy gither by removing the tullery case from the calcuiator and elecmically conneeting the center haneries or by using the CRJ jead

azxi 1a CR4 an ihe lagic PCA.
il %

l———-—-—-—_—_—_ R N T




Troubieshooting and Testing

4-12. AUXILIARY TESTS

4-14.

4-13., Low-Lsvel Detection Test

If necessary, perform the following steps to

test the operation of the low-leve! detection circuit:

a.
b.

Make sure the calculator is ofl,

Remove the battery case from the caiculator and
set it aside.

Insert the service module into the iowar left /O
port.

Insert the port extender inta the lower nght /O
port.

Connect a8 varizble dc power supply and dc
voltmeter to Vg, and GND on the port extender,
Adfust _the power supply lo +3 to +6& Vdc at
VoaT "
Press the (G key to tumm on the calculator.
Measure V.o to be sure that it is 6.0 to 6.5 Vdc.

If it is not, perform the power supply troubleshoal-
ing pracadure (table 4-4),

Vary Vg.r from 5.5 to 4.5 Vde while repeatedly
pressing the key. (Il is assumed that the

4-14

J-

415,

HF-41C

" proper operution of the display assembly has been

verified by the diagnostic test, paragraph 4-7.}
» [fihe BAT snnunciator tums on and off at 4.5
to 3.0 Vdc at V,,.+. the luw«level detection
C¢ircuit ts good.-

e Otherwise, the pawer supply {hipofar) IC or
CPU is bad.

Press the key 10 1um off the calculwar.

Rerun the diugnostic test {parapraph 4-7) after

making any repairs.

4-18, Batlery Test

4-17. Ifitis n::::;smjr ta test 2ikaline size N batteries

- returned with a calculator, perform the following steps

for each cell:

'ai-

Connect a 13.0hm, 5%, "4V resistor across the
battery lerminals.

Measure the de voltuge across the load.

e If the valiage is ot feast 1.1 Vdc, the cell is
pood,

s I the voltage is less than {.! Vdc, the cell is
bad, '
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AF-410

REFERENCE
DESIGNATION

Cl
3
CI0
o
Cs
c2, C3
Ca
c6
CR!I, CRS
CR2, CR3, CR6, CR7
CR4
L]
Ti
N 5
Ut
Us
U7
Ug
U9
U10
U3
U4
us
Rl R3
R?
RS
R4

Y1
Q1
Q2
Q3

1

Tauble +-5. Logie PCA Replaceable Parts

HP PART
NUMBER

CG041-30C01
0180-2910
J180-2925
0180-2978 »
0180-0575
g160.33575
O180-3913
0160-0687
0160-3502
1901-0868 =
1501-1098
1902.0045
9140.0238
S100-3354
1826-0366
ILAS-0001
1LAT-0001
ILAT-0002
1LAT-0003
TLAT-0004
ILAZ-0003
iLAS-0015
ILA3-0016
1LA3-0022
0693-7187 »
08986725
0598-5425 »
0ERE-5000 »
0450-1447
0960-03509
1352-0020
18540668
1854-0092

Nl
¥

-

DESCRIPTION

BOARD, logic PC

CAPACITOR, 470 uF, 6V
CAPACITOR, 82 uF, 10V
CAPACTTOR, 33 uF, 10V
CAPACITOR, 2.2 uF, 20%, 1SV
CAPACITOR, 0.1 uF, 206, 50V
CAPACITOR, 0.01 uF, 10%
CAPACITOR, 150 pF, 5%
CAPACITOR, 150 pF, 10%
DIODE, Schoky

RIODE, switching

DIODE, zener, 6.19V, 5%
INDUCTOR, 82uH, 5%
INDUCTOR, toraidal, 1| mH

INTEGRATED CIRCUIT, hipalar power supply

INTEGRATED CIRCUIT, CPU
INTEGRATED CIRCUIT, DS 0
INTEGRATED CIRCUIT, VS 1
INTEGRATED CIRCUIT, DIS 2

INTEGRATED CIRCUTIT, /S 3
INTEGRATED CIRCUIT, D/S 4

INTEGRATED CIRCUIT. ROM 0

INTEGRATED CIRCUIT, ROM 1
INTEGRATED CIRCUIT. ROM 2
RESISTOR, 2M, 5%, %W
RESISTOR, 100K, 10%
RESISTOR. I0K. 10%
RESISTOR. 2.7K, 5%

TAPE, foam

TRANSDUCER, piezo, alarm
TRANSISTOR, PNP
TRANSISTOR. NEN
TRANSISTOR, NPN

* Othwr similar pans may hawe been subsittuted in carly unis,

——

E

%

L
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5.1.  This section gives a summary of the capabili-
ties of the plug-in service module, tool number
ET-11966. I is intended as a reference uniy. Da not
attempt to use it as a 1cst procedure.

5.2. . The plug-in service module 15 capable of pe:-
forming diagnestic tests of essentially all portions of
the HP-41C calculator, In addition, the module can &5t
plug-in memory maduies, application modules, and the
HP 82104A Card Reader. It can aiso lest itself. The

Service Module

T e o e, g TN, WS A o ey et g i R

calculator's display is used 1o give a visual output of the
diagnasis.

£.3.  Table 5-1 summarizes the capabilities of the
service madule. Options, possible LCD displays,
comments, and actions are described for cach lest.
Refer to paragraph 4-7 for additianal information about
using the module. See figure 4-1 10 determine key
assipnments for specifying particular tests.

5-1/3.2
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Replaceable Parts

S L R Rt L WL TS o T

&-1. [INTRODUCTION

6-2.  This section contains information pertaining to
the parts used in the HP-41C, illustrated in figura 6-1.
Parts descriprions, quantities, HP stock numbers, refer-
ence designations (whearz applicable) and assembly
breakduwns are given. (Refer La table 6-1.)

5-3. Replaceable parts for the logic PCA {tuble 4.5)
are listed for convenience alongside its component
Iocation diagram in section [V,

6-3.

b
=
d

£-4. CRDERING INFORMATION

To order replacemeant parts or assemblies,
address order or inguiry to Corporate Parts Center or
Parts Center Europe. Specify the {ollowing infarmation
for each pat ordered:

Calculator mode! and sarial number.

HP part number.

Description.

Complete reference designution (if applicable),

6-1
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Meplaceame rans

INDEX NUMBER,
- FIGURE &-1

I

D w00 -0 o b W

1i
12
13
14
15
16

17
18
19

20
21

62

Tabhle 6-1. HP-41C Replaceabie Parts

HP PART
NMUMBER

0004 | -60009
00041 40003
000+ 1-0000%
1460- 1695
DCO-$1-600CS
0004 1-60090
{600-08B25
1251-5400
1PT1-000!
0340-0919
0004 1-20065
0460-1 176

0004 1-60001

00C41-60008
00G31-60907

0004 1-20002

000+ |- 40002
0Q041-40006
1251-5731
0004140025
4040-1522
0004 1-40007
0403-0279

72 tE£1

7220-8154
2740-0014
2740-0013
0004 1-40067
0624-0435"
06523.0432
0624-0436
0341 30054
- 1460-1767

iy

HP-41C

DESCRIPTION

-

ASSEMBLY. battery ease {AS)
e CASE, battery

s KEEPER, batiery

a SPRING, battery
ASSEMBLY. display {A2)

o ASSEMBLY, display driver (A2U2)
e CLIP, display

o CONNECTOR. display (AZP1)
o DISPLAY, liguid crystal (LCD) (AZLI]}
o INSULATOR, display

s LOCATOR, display

s« TAPE, adhesive transfer
ASSEMBLY, lapic PC (A})
ASSEMBLY. 1IQ (AN
ASSEMBLY, keybhouard, service (A}
RALL, ac contuct

CASE, bottom

CASE, eentar

CONNECTOR. logic (P2)
COVER, ac wunnei

COVER, butiery recess

DOOR, LO blank

FOOT, rubber

LABEL, logo

LABEL, alpha

NUT. hex

NUT, hex {undersized)
RETAINER, ac contact

SCREW, .25-inch

SCREW, 0.75.inch

SCREW, 0_38-inch {owversized)
SHIELD. display

SPRING, ac cuntast
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Repiaceable Parts

MP-41C

Figure §-1. HP-41C Exploded View
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A-1. INTRODUCTION

A-2.  This appendix contains information neccssacy
1w test HP-41C style memory modules and application
modules. These modules are #or repairable. A module
" should be replaced if it is defective. '

A-3. DESCRIPTION

A-4.  Memory and application modules compatible
with the HP-41C style calculator are designed 1o
cxpand the capubilities of the calculator sysiem. They
interface with the caleutator through ils input/output
ports, which electrically connect the CMQS hybrid
s in the modules directly to the main system lines.
Specifications for the modules are presented n table
A-l,

A-5. Each HP 82106A Memory Madule contains 64
registers of data memory, which can accommaodate 448
bytes of program memory. The moduics become parn
of the valcufator's coplinuaus Memory.

Table A-1. Madule Specifications

Physical Properties

& Lensth: 3.12 ceniimeters (1.23 inches).
s Width* 2.05 centimeters {1.16 inches).
s Height: 0.39 centimeters (.35 inches).

s Weirht: 5.9 grums {0.2] ounces).

Compatibility
* Plugs into HP-41C style caleulator,
»  Power supplied by the caleulator.

Temperalure
*  Operating: 0" to 45° C {32% 10 113° F).
o Storage: =20° ta 65°C (=47 ta 139° FY.

L ——

lication M

odule Test

A-6.  Eachplug-in application module contains up to
40K or 80K bits of microprogrammed memory. A

" maximum of 32 different versions may be available.

A-7. The memory and application modules operute
as an extension of the calculator's £/8 and ROM capa-
bilities. Their interaction with the caleulator system is
identical to thut of the main D/S and ROM 1C's.

A-B. [IDENTIFICATION

A-D. The seriul number of the memory maduie or
application module is used for determination of war-

" ranty status. It is located &n the bouom of the moduie

halow the label. Its format is described below:

YYWW i

T 1

[

e Week manufactured.

‘Year munufaciured (yeacs since 1960}.

A-10. DIAGNOSTIC TEST

A-11. Test a memory module ar application module
by performing the following procedures and observing
the indicated displuys. For each step or condition thut
can occur, the resulting LCD display on the test cai-
culator is shown at the right.

Note: Do not operale the test calcuiator on
hattaries 1or an extended period of time with
lhe servica madule plugged in. This module
prevents tha system from switching to 2 low-
power mode and £an cause excessive battery
drain.

Al
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Ea Preparation

| s
b,
c.
d.
e
-

Be sure that the test calculator is off. If the display is active, press the G5
key 1o tum it off.

-

[

Insert the service module in the Jower l=ft (#3) I'O port. Do not insest any
madoeles while the caiculaior is tumed on.

Insert the memory module or application module in the lower right (#4)
[0 port.

Insert two good memory modules in the upper YO ports.

Press the key to mrn on the caleuiator and start the diagnostic test. Waich
for -

e A tnple beep and this blinking LCD display indicate that the test calculator is

operating properly. (The message CPU OK may appear momentarily in the
display.)

s Any other outcome indicaies improper operation. [n this case, tumn the calcu-
lator off, remove the memory ar applicaiion madule, and turn 1he calcuiator on
again. If the proper outcome (above) occurs, the remaved module is bad:
utherwise, the tesi caleulator or service module is bad.

i

a

Application Module Teasts

After the initial prepaRtion: (procedure 1), perform these sieps 10 test an application

u-

E.

A-2

module located in the lower right (#4) /O pon:

Press the (557] key w select the single-IC application module test. Most apnli.
¢ation medules contain only one ROM IC. If the moedule has two ROM IC's,
press the T3 key to select the double.IC application mndule rast. Watch for:

& The flag annunciators indicate which IC is being tested (1 or 2).
¢ Either of these LCD messages indicate that the application module is puod.

e Eitherof these LCD messages indicale that the application module is bad. Pro.
ceed to st:p c.

Press the (o] key 1o select the applieation module identification check.

The two letters and number in each idzntification represent the panicular apph:n-
tion pr.-:r:. the following letter represents the revision. Waich fors

s This type of LCD display indicates the identification for 2 good single-|C
module. -

e This type of LCD display indicates the identifications for a good double-IC
madutle.

» .Any ather display (especially one containing @ s or 0's) indicates o bad

moduic,

Press the key to turn off the calculator, completing the 1est,
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. SELECT TEST

AP1 MOD TEST
AP2 MOD TEST

AP1 MOD OK
AP2 MOD OK

AP1 MOD 8BAD
AP2 MOD BAD
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