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1: Display Totals 

The display totals option indicates the device, 
subdevice, and command that is causing the problem. 
Pressing the 1 key and then the EXECUTE key 
displays the following summary table after the test 
has been run. 

DEVICE SUBDEVICE COMMAND ERROR CODE COUNT 
05 00 00 
05 00 02 
05 00 02 
05 00 02 
OD 40 00 
OD 40 01 
OE 40 04 
OE 40 05 
OE 40 05 
OE 40 06 
OE 80 04 
OE 80 05 
OE 80 06 

This table displays the number of times a device/ 
subdevice has been exercised by a given I/O com· 
mand. The count column displays the number of 
times the device has been exercised correctly only 
if there is no error code appearing in that row. If 
an error code is shown, it describes the type of error 
that occurred; the count column indicates the num· 
be of times that particular error occurred. 

For example, device 05 subdevice 00 was exercised 
correctly eight times by I/O command 02. However, 
the other three times this same I/O command exercis· 
ed this device and subdevice it failed one time with a 
56 error code and two times with a 72 error code. 

Note: See Error Codes in this section for definitions 
of the error codes. See I/O Contro/lnformation for 
definitions of the device, subdevice, and command 
codes. 

2: Display and Reset Totals 

56 
72 

02 

05 

3 
8 
1 
2 
2 

66 
6 
1 
3 

4 
3 

3: Set Options 

The following options control the device test. 

OPTIONS: 

ENABLE STOP ON ERROR(Y IN)? 

PRINT 10C ON ERROR(Y IN)? 

Note: The loop function is always set to on when the 
device exercisers are running. 

4: Return To System 

This option enables you to return to system control 
and either terminate the system function test or 
select another exerciser within the test. 

1m Operating Instructions: 
- INSERT SCRATCH TAPE(S) 
- PRESS ATIENTION TO TERMINATE 

This option is identical to option 1 (display totals) 
except that all accumulated totals are reset at the end 1m Device Menu: 
of the display. 

T1 Internal tape 
T2 5106 Auxiliary Tape 
P Printer 

Select the proper device code for the unit to be 
exercised. You can exercise only one unit at a time. 
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1m Operation Menu: 

1: MARK (TAPE ONLY) 
2: RIPPLE WRITE OR PRINT 
3: WRITE OR PRINT MANUAL DATA 
4: READ (TAPE ONLY) 

1: Mark (tape only) 

The mark operation defines files that are 3,072 bytes 
long. Each file consists of six 512-byte records. The 
routine begins by marking file 1 at the beginning of 
tape (BOT) and continues until the end of tape (EOT) 
is sensed. At this time the tape unit rewinds to the 
BOT and repeats the operation. 

CI...EM~ US 
) LINK Tf.1PHTTST 

2: Ripple Write or Print 

Ripple Write (internal tape or 5106 Auxiliary Tape) 

This routine writes a ripple patterned record on each 
file that has been previously marked. The same 
pattern used on the 5103 Printer is used for this 
routine. 

Each record within a file is 512 bytes long and is 
repeated six times to fill the 3,072-byte file. This 
pattern continues for every file marked until the EOT 
is sensed. The tape unit rewinds to the BOT and the 
routine is repeated. 

Note: This program will not write on previously 
marked and written customer tapes. 

Ripple Print (5103) 

This routine will print a continuous ripple pattern as 
shown while under control of the options set in the 
test menu. 

ABCDEFGHI~: . < ( ... i ,5{JI<I...MNOPqR! ~I:·)i:) ; ····-··/~lTUVWXYZ: 1% >?&,.," f..1:!:W'······'v·· : ff(~' ::::"Mdb c:def gh i t!- ::; r I .. ·~LI 
~E5[~5Ri~.«+~&JRCR~d~d~1,*):--/sfDV~i7iT.% ;?&;"Alw~~v' :M0'="Nabcdefghit!-SrL~Oj 
EfifP5Ri~.«+I&JR[R~Dfd~T'*);--/sfDQW~?iT.% ;?&;"6Iw~~v' :M@'="Nabcdefghit'SrL~Ojk 
Df~5Ri~.«+I&JR[R~Dfd~T,*):--/sfOVWi9iT.% ;?&;"AIm~~v' :M@'="Nabcdefghit!-srL~Ojkl 
ff5Ri~.«+~&JR[R~dfdRTs*);--/SfDV~i7jT.% ;?&;"Afm~~v':M@'="Nabc:defghit!-SrL~Djklm 
~5Ri~'«"'I&JR[R~5fd~T'*):--/sfOVW~9iT.% ;?&;"AIm~~v' :M@'="Nabc:defghit'SrL~Ojklmn 
5Ri~'«"'i&JR[R~Dfd~T'.):--/SfOVWi9iT,% ;?&;"Afw~~v' :M@'="Nabcdefghit'SrL~Djklmno 
RiZ:; .. :: (·t· i&.JKi:M~~ll·i:;QR"i $*) : -·· .... /B1Tj;~wx;a .. i' I % .:;>;)&:=:-- A:!: l)j , ...... , V '. : tHil' ::,,"N<:lb c:cI~!f ~Jh i H ::; r l. .. t[]j k I mn op 
iZ.«+i&JR[R~6~QRT,*):--/sfDijwx7iT.% ;?&;"Alm~~v' :M@'="Habcdefghit'Srl.~Djk lmnopq 
Z.«+I&JR[RND~dRT$*):--/sfUQQi9JT,% ;?&;"4Im~~v' :M@'="Nabcdefghit'SrL~Ojklmnopqr 
.«+i&JR[~~6fij~Ts*):--/sfOij~i~JT.% ;?&;"Afm~~v' :"@'="Nabc:defghit'SrL~Ojk lmnopqr~ 
«+i&JR[RN6~dRTs*);--/sfDVWi7JT,% ;?&;"4Im~~v' :M@'="Nabcdefghit'SrL~Ujklmnopqr~c 
(+i&JR[R~D~~~Ts.):--/sfOijW~9JT.% ;?&;"AIm~~v' :"@'="Habcdefghit'Srl~Djklmnopqr~cn 
+i&JR[RN6~dRT$*):--/sfDVW~?iT,% ;?&;"Alm~~v' :"@'="Nabc:defghit'SrL~Ujklmnopqr~cnO 
I&JR[R~D~~~Ts*):--/SfUijW~?JT,% ;?&~"Alm~~v' :M@·='·Nabc:defghit'Srl.~[]jk Imnopqr~cnD~ 
&JR[R~b~~~T,.):--/sfUVW~9JT,% ~?&~"AIm~~v' :M@·=··Nabcdefghi"Srl.~Djklmnopqr~cnD~~ 
JR[RNbf~RTs*):--/BfDVW~9jT.% ;?&;"afm~~v' :"@·=··Nabc:defghit'Srl.~Ojk Imnopqr~cnO~~­
R[R~b~d~T$*):--/sfOVW~?JT.% ;?&;"6Im~~v' :M@'="Nabcdefghi"SrL~[]jk Imnopqr~cnD~~-~ 
[RND~dRT$*):--/sfOVWi7JT,% ;?&;"6Im~~v' :M@'="Nabcdefghi"SrL~Djk Imnopqr~cnD~~-~S 
~~6~QRTs*):--/stDijwx7JT.% ;?&;"alm~~v' :"@'="Nabc:defghit,srL~[]jk Imnopqr~cnD~~-~5t 
~6fQRT$*):--/stDV~~~JT.% ;?&;"6fm~~v' :M@'="Nabc:defghi"SrL~Djk Imnopqr~cnO~~-~stu 
6~~RT$.);--/sfOQW~7iT,% ;?&;"4fm~~v' :M@'="Ndbcdefghit'SrL~njk Imnopqr~enD~~-~stuu 
~ij~Ts*):--/sfDijwx~JT.% ;?&;"alm~~v' :"@'="Nabcdefghi"SrL~Djk Imnopqr~cnO~~-~5tuuw 
(~'R'T ~I;')(') : -··-·/~:;i''liVWX71.T I % .:;>;)&; .. 6:flTJ',,·-·,v" : tH~ . ::::" Na b c:d e f gh i 'L I"I."'OJ k I mn op q 1-:) eTrO H··- ~~d 11 U~JX 
fiT,*):--/sfOVW~9iT,% ;?&;"AflTJ~~v' :"@'="Nabcdefghit'SrL~OJk ImnDpqr~enO~~-~5tuvwxy 
Ts*):--/sfOVW~9JT.% ;?&;"4Im~~v' :M@'="Nabc:clefghit,srl~[]jk Imnopqr~cnO~~-~5tllVWXYZ 
S*):--/sfOVW~?JT.% ;?&~"6Im~~v':"@'="Habcdefghit'SrL~Ojklmnopqr~cnD~~-~stllvwxYZn 
*):--/sfUQW~?1T,% ;?&;"Afm~~v' :N@·=·'Nabcdefghit'Srl.~njklmnopqr~cnD~~-~5tuvwxyznu 
):--I§IQ298i~T,%_;?!;"~fm~~v' :M@'="Habcdefghit'SrL~Djklmnopqr~enC~~-~stuvWXYZnuJ 
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3: Print or Write Manual Data 

Print Manual Data (5103 Printer) 

This test provides you with a 128-character print 
field that can be filled or partially filled with any 
keyboard character you wish to be printed. If only 10 
characters are filled into the print field, only 10 
characters will be printed. 

Write Manual Data (internal tape or 5106 Auxiliary 
Tape) 

This routine provides you with a 128-character write 
field that can be filled or partially filled with any 
characters. This pattern is repeated four times to 
make a 512-character record. This record image is 
repeated six times to make up the 3,072-byte file. 
The tape unit will write every file previously marked 
until the EDT. The tape unit rewinds to the BOT, and 
the routine is repeated. 

4: Read (tape only) 

This test reads any marked and written file to the 
EDT, rewinds, and repeats itself. Cyclic redundancy 
checking (CRC) occurs during the read operation. 
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I/O Control Information (laC) 

The lac information is prepared by the language 
microprogram when a statement that requires an I/O 
operation is executed. The lac identifies the device to 
be used, the function to be performed, and the address 
and the length of the data buffer, as well as other 
information required by the microprogram routines. 

The following is an example of the lac information as it 
is printed when you select the print-IOC-on-error 
option in the system function test. The example shows 
the error code, the device and subdevice addresses, the 
I/O command, and the control information at the time 
that the error occurred. The remaining lac bytes do not 
contain any useful information for the system function 
test. 

ERR/DEV SUB/I/O CMD/CTL 
0001 000200000900010000F7F2000048240000 

Device Address 

Address in 
Hexadecimal Device 

05 Printer 
OD Diskette unit 
OE Tape unit 

Subdevice Address 

Address in 
Hexadecimal Subdevice 

80 Diskette drive 1 
40 Diskette drive 2 
20 Diskette drive 3 
10 Diskette drive 4 
02 Auxiliary tape unit 
01 Internal tape unit 
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I/O Command 

( Code in Diskette Printer Tape 
Hexadecimal 

00 Sense Sense Sense 
01 Read Read 
02 Write Write Write 

(~- (output to 
printer) 

03 Write Last Same as Write Write Last 
04 Find Find 
05 Mark Mark 
06 Initialize and Mark 

( 07 Rewind 
08 Forward Forward Space Record 

Space 
09 Backspace Record 

f OA Find Next Header 
OB Write Header Write Header 
OC Scan 
00 Plot Function 
OE 
OF 
10 Find 10 

(diagnostic 
only) 

11 Initialize Head 

( (diagnostic 
only) 

FO Translate only 

Invalid I/O command will cause command errors. 
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Error Codes 

The CE diagnostic error codes are SOO through 999. See 
Diagnostic Program Routines in this section for the diag­
nostic error codes and their meanings. 

The error codes in the following list are hardware related 
only. The BASIC or APL language error codes are in the 
APL or BASIC reference manuals. 

The display format for the hardware error codes is 
ERROR xxx yzz and is displayed on the bottom line of 
the display. The xxx represents the error code, y repre­
sents the failing device, and zz represents the subdevice 
address. 

The subdevice address allows the 5110 to distinguish 
between I/O devices using the same device address, as in 
the case of the internal and auxiliary tape units, and diskette 
drives 1 and 2. 

The subdevice address can be one of many addresses depend­
ing on the number and type of subdevices attached. 
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1- ERROR CODES AND DEVICE ADDRESS SUMMARY 

( Error Device Subdevice 
Device Language Code Address Address 

XXX Y ZZ 

Printer APL/BASIC 050-059 5 00 

(-
Print/Plot APL BPXXX 0 51 

Print/Plot BASIC BPXXX C 01 

Internal tape BASIC 002-014 E 80 

( Internal tape APL 002-014 0 01 

Auxiliary tape BASIC 002-014 E 40 

( Auxiliary tape APL 002-014 0 02 

Async comm/BSC APL/BASIC 081-099 8 00 

Serial I/O BASIC 002-014 A 02-40 

Serial I/O APL 002-014 0 30-34 

5114 Diskette BASIC 001-045 D 80-Drive 1 

( 40-Drive 2 
20-Drive 3 
10-Drive 4 

5114 Diskette APL 001-045 0 11-Drive 1 
12-Drive 2 
13-Drive 3 
14-Drive 4 

Parallel I/O BASIC 002-014, 020-033 7 80 Command 

( 10 Control 
04 Data out 
02 Data in 

( Parallel I/O APL 002-014, 020-033 7 1 Command 
2 8-bit data out 
3 8-bit data in 
4 Control 
6 Data out 

( 
7 Data in 

BSC BASIC 002-014,080-099 6 80 Data file '-........~ 

40 Data file 
08 Command file 
04 Command file 

,4" 
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Error Device Subdevice 
Device Language Code Address Address 

XXX V ZZ 

BSC APL 002-014,080-099 6 1 Data file 
2 Data file 
5 Command file ;/ -~, 

6 Command file 

"'-
/ 

TAPE ERROR CODES 

I Device Error Code Description 
/" 

Device Subdevice 
Error Address Address 
xxx y zz 

""-( " I 

Tape 002 E zz Invalid Command for Device or Invalid Sequence for Device Incorrect \ j 

I device address or file number specified by the user or user attempted 
to access the tape file O. 

003 E zz Status Error-Incorrect status sensed. The most recent status byte is 
located at address hex 8F (see Status under Tape Adapter I/O Lines 
in Section 4). 

004 E zz Time-Out-Data cannot be found on tape; or a rewind operation ;/ ~ 

exceeded three minutes. (Data might not be found if the tape is 
positioned where there is no data or if the tape unit failed.) A time-out 
occurs during the rewind operation.if the tape unit fails to sense the 
load point hole. If the tape unit senses the larger BOT /EOT holes, the 
tape moves forward looking for the load point hole until the time-out 
occurs. 

005 E zz Cartridge Not Inserted-With a cartridge inserted, status bit 3 is 0 
but should be 1. 

/' 
006 E zz File Protect-The file protect arrow is pointed to SAFE for a write 

operation. Status bit 6 is sensed as a 1 but should be 0 (indicates tape "- / 

can be written). 

007 E zz Cyclic Redundancy Check Error-The data track CRC is bad (see Error 
Checking in Section 3). Obtaining a correct CRC requires proper opera-
tion of all read/write components in the tape unit. Defective compon-
ents or a defective tape can cause this error. An excessively used tape 
can cause 007 errors. Tape life is several thousand head passes on a 
customer cartridge and approximately 500 head passes on a diagnostic 
tape cartridge. \~ 

008 E zz Records or Files Out of Sequence-Format record sequence numbers 
or header file numbers are not read in the correct order (see Tape 
Writing and Formatting in Section 3}. This can be caused by the 
removal of the tape cartridge while it is being written. The in-
formation on the file cannot be used. 

,---/ 
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l'" ,I Device Error Code 

( Device 
Error Address 
xxx y 

009 E 

("-
010 E 

t" 
011 E 

( 012 E 

013 E 

014 E 

~ 
800 E 
through 
999 

DISKETTE ERROR CODES 

I Device Error Code 

( Device 
Error Address 

( xxx y 

Diskette 001 D 

002 D 

Subdevice 
Address 
zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

Subdevice 
Address 
zz 

zz 

zz 

Description 

End of Data-End of data (hex 42) was read from the record type byte 
of a data record when end of data was not expected. The tape unit is 
not usually the cause of this error. 

End of File-A read or write operation was attempted beyond the last 
record on the file. The tape unit is not usually the cause of this error. 

Specified File Number Cannot Be Found-A hex FF (end of marked 
tape) was read from the header record file type byte before the user 
specified file was found, The tape unit is not usually the cause of this 
error. 

Physical End of Tape-EOT status bit 0 was sensed as a 1, which indi-
cates an EOT was sensed. An incorrect number of files or an incorrect 
file size can cause this error. 

Tape Unit Not Ready-An incorrect device address was specified by 
the user for the tape unit, or there was no status response from the 
tape unit. 

Specified Subdevice Is Not Attached-An invalid subdevice was speci-
fied by the user, or an expected subdevice status was not sensed. 

Diagnostic Error Generated by Diagnostic Sections. See Diagnostic 
Program Routines or MAP 300 for error definitions. 

Description 

Diskette Timing Error-This error occurs when a sense command 
follows the detection of a diskette in the diskette drive. The index 
pulse must be 166.7 ± 4.2 ms to be within specifications. The diskette 
timing is rechecked if-time-out errors occur when a diskette is being 
read or written. 

Command Reject-This error occurs when: 

• The diskette code receives an IOCB without the proper device 
address. 

• The diskette code receives an IOCB with an invalid command. 
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Device Error Code Description 

Device Subdevice 
Error Address Address 
xxx y zz 

Diskette 002 D zz • The diskette code receives an 10CB with a subdevice address of hex 
(continued) 08, hex 04, hex 02, or hex 01, and the initial selection sequence is / 

~~ 

successful. 

• A mark command is given and one of the following conditions 
existed: 

The number of files to mark is set to zero. 
The beginning file plus the number of files to mark exceeds 
the maximum number of labels for the diskette mounted. 
The beginning file number (determined by the prior find 

i command) is equal to zero. 
It 
~ / 

• A write header command is given with an EOD greater than 1 plus I 
\) \, t EOE or with an EOD that is different than the EOE set up on the 

find command for that file. 

• A physical read or write operation is given with an invalid cylinder 
or sector number. 

• A relative read or write command is given with a buffer size of zero. 

009 D zz End of Data-EOD is returned on read operations if the relative ~', 

physical sequence number in the control field is between the EOD and 
the EOE numbers inclusive for the opened file. ',,-

010 D zz End of File-EOF is returned on read operations if the relative physical 
sequence number is greater than the EOF for the file. EOF is also 
returned if the relative physical sequence number is greater than the 
current EOD for the file. 

013 D zz Diskette Unit Not Present-Response was hex FF. The 5114 IPO switch 
can be in the down (off) position. 

014 D zz Subdevice Select Failure-The subdevice selection was unsuccessful 
because the response to the microinstruction did not fit the subdevice 
address that was sent. 

"- ~~ 

015 D zz CRC Error When Reading or Writing a System Sector-This error 
occurs: 

• On a mark command when a header cannot be written and verified 
or logically deleted and verified. 

/~- " 

• On a write header command when a header cannot be successfully 
read. 

• On a sense command when the volume label cannot be successfully 
read. 

" "- -~/ • On a find or mark command when a header cannot be read. 
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(' I Device Error Code Description 

( Device Subdevice 
Error Address Address 
xxx y zz 

Diskette 016 D zz CRC Error on Matched ID-An 10 field with cylinder, head, and record 
(~ (continued) numbers equal to the sector being searched was found, but the eRe 

was incorrect. 

017 0 zz CRC Error on a Data Read-A data sector was reread ten times; a CRC 
error occurred each time. A CRC error on any physical read returns 
this error regardless of the cylinder specified. 

( 018 0 zz CRC Error or All IDs of a Track-All IDs of a track were read with a 
CRC error. 

( 019 0 zz eRC Error or Data Miscompare on Data Write-A data miscompare, 
a CRe error on the read-back-check operation, or a data write causes 
this error. All CRe errors on physical writes return this error regardless 
of the cylinder specified. 

020 0 zz 10 Search Failure-An access to the correct track was successful, but 
after all of the IDs on that track were read, a match with the one being 
searched was unsuccessful. 

021 0 zz Time-Out on 10 Read-The adapter failed to detect an address mark 

( in one complete revolution of the disk, or a time-out occurred when 
counting down the gap between the 10 field and the data field on a 
read or write operation. 

022 0 zz Time-Out on Data Read Operation-A read operation exceeded its 
allotted time. 

023 0 zz Time-Out on Data Write Operation- A write operation exceeded its 
allotted time (no data was found following an ID field). 

( 024 0 zz No Volume 1 Label on the Oiskette-The sector located at cylinder 0, 
head 0, sector 7 was read as a result of a sense command but: 

( • The first four bytes did not contain volume 1. 

• The sector was marked as a control record . 

<-
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I Device Error Code Description I (-~ 
Device Subdevice \ 

Error Address Address ~ 

xxx y zz 

Diskette 025 D zz Invalid Media (improper volume 1 parameters)-One of the following 
(continued) conditions was encountered while the volume 1 label was being 

verified: 
\ / '"', 

• The volume surface indicator indicated a diskette 1, and the diskette 
sense bit indicated a diskette 2 or diskette 2d. 

• The volume surface indicator was not a diskette 1 (hex 40), diskette 
/ 

2 (hex F2). or diskette 2d (hex D4). " 

• The volume surface indicator indicated a diskette 2d, but the record 
length indicator was a space (hex 40). 

• The record length indicator was not a space (hex 40),1 (hex F1), 
2 (hex F2), or 3 (hex 2). 

• The extent arrangement volume 1 (72) was not blank. 

• The special requirements indicator volume 1 (73) was not blank. 

• The label standard version volume 1 (79) was not a W. 

/ '"" • The volume surface indicator indicated a diskette 1 or a diskette 2, 
j 

but the record length indicator was hex F3. 

• The extended label area on a diskette 2d was not a space (hex 40), 
and the value was not between 1 (hex F1) and 9 (hex F9). 

026 D zz Head Select Failure-An attempt was made to read an ID from one 
side of a diskette, but the head number from the ID field of the diskette 
indicated that the other side was selected. 

/,,', 

Access Failure-The head was repositioned ten times without the 027 D zz \. 
correct cylinder being found. This can also occur when the head is 
initialized to cylinder zero and when the access lines do not initialize 
to 8'1100'. 

'-.. 

028 D zz Attempt to Select the Nonencoded Side of Diskette 1-A physical 
read or write operation was requested with a head number of 1, and 
a diskette 1 was loaded. 

029 D zz Key Search Failure-When the scan command was executed, the first 
sector read was greater than the search argument. 
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r 'I Device Error Code 

( 
Device 

Error Address 
xxx y 

(~ Diskette 030 D 
(continued) 

( 
031 D 

( 
032 D 

033 D 

( 
034 D 

035 D 

036 D 

{ 

( 037 D 

( 

Subdevice 
Address 
zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

Description 

New Diskette on Command Other than Sense-The diskette drive 
cover was opened after the last command was issued to the diskette 
drive. This could mean that a new diskette was inserted, and a sense 
command must be issued to verify the volume label before any other 
kind of operation can be allowed. 

Failure to Write a Surface Defect Control RCD-A write command was 
issued to the disk unit with sequential relocate valid. When a data 
sector could not be written and verified, a sequential relocate control 
record (control flag F) failed to be written in this location. When this 
occurs, the diskette should be considered defective until a reformatting 
operation is possible. 

Overrun Occurred on Either Read or Write-In either a read 10, read 
data, or write data operation, the diskette adapter posted an overrun 
condition. This means that the diskette microprogram did not 
service a level 2 interrupt fast enough and terminated the operation. 

Head Engage Failure-The diskette microprogram issued a head engage 
command, but the diskette sense information indicated that the head 
did not engage. 

Erase Gate Failure-Tunnel erase failed to turn on properly during a 
write operation, or it failed to turn off properly after completing the 
write operation. 

Sense Error in Interrupt Routine-A sense error occurred during a read 
interrupt routine. 

Invalid File Number on a Find-On a find number operation, the file 
number in the IOCB was zero or greater than the number of files 
possible for this diskette. 

Invalid Control Flag-This can occur on: 

• A find or mark command when there is a sequential relocate (control 
flag F) or alternate sector relocate (control flag) control record 
written in a header area. 

• A read command when an alternate sector relocate (control flag) 
control record is encountered. 

Error Codes 4~ 101 
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I~- I Device Error Code Description 

(" Device Subdevice .... 

Error Address Address 
xxx y zz 

(- Diskette 044 D zz Control Record Read-This error occurs under the following 
(continued) conditions: 

• A control record is encountered during a physical read . 

• A sequential relocate or a logical delete control record is 

( 
encountered on relative read when the sequential relocate is 
prohibited. 

045 D zz No Index-The diskette was being timed and no index pulse was 
sensed for 333 msec. Either no diskette was mounted or the diskette 

( was mounted backwards. 

5103 PRINTER ERROR CODES 

I Device Error Code Description 

Device Subdevice 
Error Address Address 

( 
xxx y zz 

5103 013 5 00 Printer Not Attached-An incorrect device address was specified by 
Printer the user for the printer, or the returned status on bus in was hex FF. 

047 5 00 Print Position Error-The print head was not in the position indicated 
by the microprogram. 

048 5 00 Undetermined nonrecoverable error on a sense command. 

( 
049 5 00 Two or more underscores with a delete (program error). 

050 5 00 End of Forms-'+End of forms' line is shown ... This was caused by a 

( 
defective switch and associated circuits, a maladjusted switch, or the 
absence of forms. 

051 5 00 Printer Not Ready-Printer voltages (+24 Vdc or 10.8 Vdc) were out 
of tolerance or a wire check occurred with the print head at the left 
margin. 

( 052 5 00 Forms Step Time~Out-A forms emitter pulse did not occur within 
approximately two seconds from the time of the previous forms 
emitter pulse. This timing does not apply during the forms movement 
stopping sequence. 

... r -'". 
053 5 00 Line length too long (program error). 

<-
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Error Code Description I Device I ('H~\ 
~------------------------------------------------------------------------------~ \ 

Device 
Error Address 
xxx y 

5103 054 5 
Printer 
(continued) 

055 5 

056 5 

057 5 

4-104 

Subdevice 
Address 
zz 

00 

00 

00 

00 

Wire Check-Indicates that a print wire driver was on too long. If the 
print head is in the left margin and '-wire on' line is down, a 051 error 
occurs. If the print head is not in the left margin and '-wire on' line is "'-__ 
down, an 054 error occurs. 

Undefined Interrupt-'-Interrupt request 2' line was down, but none 
of the three interrupt bits from the printer adapter were on: 

• Printer emitter interrupt Status byte B bit 2 

• Not ready Status byte B bit 3 

• Timer interrupt Status byte B bit 7 

• Forms interrupt Status byte B bit 6 

Incorrect Print Emitter Sequence-The current print emitter and 
previous print emitter were out of sequence. Print emitter sequence 
when printing is: 

Right is 1,2,3, 1,2,3,1 

Left is 3,2, 1,3,2, 1,3 

Light mechanical binds or print emitter failures usually cause 
a 056 error. 

Missing Print Emitter Pulses-A print emitter pulse was not found 
during the specified time 150 ms (80 cps) or 100 ms (120 cps). 

The print head stepper motor begins turning when it receives pulses 
from the printer adapter. Error checking begins when the print head 
stepper motor is up to speed. If a print emitter pulse does not occur 
during the 100 ms or 150 ms timing, a 057 error occurs. If a print 
emitter pulse does not occur but is not the expected pulse, a 056 occurs. 
(See Print Emitter Error Timing following these error codes.) 

Failures that prevent the carrier from moving such as a broken belt 
can cause a 057 error. 

/ 
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Device Error Code 

Device 
Error Address 
xxx y 

5103 058 5 
Printer 
(continued) 

059 5 

070 5 

071 5 

072 5 

Subdevice 
Address 
zz 

00 

00 

00 

00 

00 

Description 

Timer Interrupt Time-aut-Defective 1.1 ms or 2.66 ms (120 cps) 
timer, or 1.1 ms or 3.3 ms (80 cps) timer. 

Timer accuracy is checked by running the printer diagnostic program 
(MDI800). 

Overspeed Error-Five or six print emitters occurred during one print 
head stepper motOr step. The normal number of print emitters is 2 
to 4 per motor step. 

System error-Level 2 busy and the microcode timer timed out. 

• lOB status required use of level 2. 

• Level 2 busy flag is on in the lOB flags (HOLD will reset level 2 
busy flags). 

This error code is posted on a sense command after a 070 error is 
posted. Error code 071 indicates the printer is clear and the sense 
command indicates ramp is satisfactory. 

An error was posted in a previous print operation, but no Sense 
command was issued prior to the current printer operation to clear 
the error. 

Probable cause-Operator was changing the paper when the sys­
tem was trying to use the printer. The hold key was not pressed 
before the printer was made inoperative. 

Note: Error code 06X is reserved for the print plot function. 
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Print Emitter Error Timing (Nominal Timings) 

120 cps 0.83 
80 cps 1--1.25 

ms 
Print Emitter 1 

Emitter Sequence = 1. 3 -.n 
I 

One missing I 
print emitter I 

Error 056 ! 
occurs here 

Emitter sequence = 1. 1 

Two missing 
print emitters 

Error 056 timing -----1.../ 

starts in this area 

If error 057 timing 
starts here.,-------.... 
an error 057 occurs 

0.83 

-I- 1.25 -I-ms 

2 3 

n n , I I 
.X I , 

i 
I 
I /J I 
: I 
I 
I 
I I 

I I 
I 

17"": X 
I 
I 
I 
t 
I 
I 

X 
I 

100 ms (120 cps) 
150 ms (80 cps) 

0.83 
1.25 
ms 

100 ms or 150 ms later ~-­
because no print emitters 

100 ms (120 cps) 
150 ms (80 cps) 

were present during this 
time. 

If error 057 timing starts here. 
an error 056 occurs here ----------­
because an out of sequence 
print emitter was sensed before 
3.3 ms or 2.66 ms elapsed for 
error code 057. 

4-106 

0.83 
1.25 

-I- ms -I-
1 2 n n 
I 
I 
I 

I • I 

I 
I 

0.83 

1.25-; 
ms 

3 

fL 
I 
lOne missing 
: print emitter = error 056 

I 
I 
I 
I 
I 
I Two missing print 
I emitters :;:: error 056 or 057 
I 
I 

I 
I 
I 
I 
I 

Three or more missing 
print emitters = error 057 



SERIAL I/O ERROR CODES 
{" 

( The display format for serial 110 error codes is: 

( 

( 

( 

( 

( 

ERROR xxx yyy 

where xxx is the error code and yyy is the device address 
of the failing device. 

I Device Error Codes 

Device 
Error Address 
xxx YYY 

SIO 002 yyy 

003 yyy 

Description 

An invalid command was sent to an I/O device. For example: 

• A REWIND (BASIC) or )REWIND (APL) command was issued to an I/O device. 

• An invalid device characteristic was specified to the command device. 

• The input buffer size was increased after the input device was opened. 

• An invalid parameter was specified when the command device or the I/O device 
was opened. 

With the 5110 in modem mode, data terminal ready from the I/O device is off during 
a transmit operation. With the 5110 in terminal mode, data set ready from the I/O 
device is off during a transmit operation. These conditions can be caused when: 

• The I/O device does not conform to the EIA RS232C standard interface. 

• The serial I/O cable is defective. 

• The I/O device power is not on. 

• The I/O device is attached with the wrong cable. 

With the 5110 in modem mode, request to send (RTS) from the I/O device is dropped 
during a 5110 receive operation. With the 5110 in terminal mode, clear to send (CTS) 
from the I/O device is dropped during a 5110 transmit operation. These conditions 
can be caused when: 

• The I/O device does not conform to the EIA RS232C standard interface. 

• The serial I/O cable is defective. 
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I Device Error Codes Description 

Device " Error Address '",,--// 

xxx yyy 

SIO 003 yyy • The I/O device is attached with the wrong cable. 
(continued) 

• The I/O device power is not on. 
/ 

"-

• The wrong mode (modem, ignore, terminal, or set is specified). 

• The I/O device hardware fails. 
/ '--, 

004 yyy The I/O device hardware fails. 

'" 
010 yyy The 5110 recognized an end-of-file condition. This condition can be caused when: 

/ , 

• Both the CMD key and 0 key are pressed. 

• With the 5110 in modem mode, data terminal ready from the I/O device is off 
during a receive operation. 

• With the 5110 in terminal mode, data set ready from the I/O device is off during 
a receive operation. 

013 yyy The Serial I/O Adapter feature hardware was not installed or it is defective. 

The Serial I/O Adapter program was not loaded in user storage. / 

014 yyy An invalid device address was specified. 

J 
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,-J .. BRING-UP DIAGNOSTIC HALT CODES 

( 

( 
The following chart shows the individual tests within the 
bring-up diagnostic. It also shows the halt codes, the area 
tested, and the service aids to use in helping to determine 
the cause of intermittent failures. (Use MAP 200 to diag-
nose solid failures during bring up.) 

• Use the bring up diagnostic chart as a guide for replac-

(' ing cards on intermittent problems. 

• Reseat all the cards and cables in the 5110. 

( • Determine if the problem exists with the I/O devices 
attached to the 5110 I/O interface port. If it does, 
reseat all the cards and cables in the I/O devices. 

Halt 
Code Test 

Undefinable Resets control logic with the 

( POWER ON switch through a 
350 ms single shot on the H2 
card or directly with the 
RESTART switch. 

Puts FFFF in R7LO. This halt 
code remains in R7LO to the 
end of the bring up diagnostic. 

Tests read/write storage loca-

( tions 0020 through 05FF. 

( Blank Resets the CRT buffer on G2 
card to all blanks. 

A Turns all bus in bits on. 

('" 
J AB 

~, 

Tests bus out parity. 

Area 
Tested 

A2, K2, 
B2, C2, 
D2, F2, 
H2, J2 

L2,J2 

J2, M2 

G2 

A2*, H2, 
J2, L2 

A2, K2, 
C2, D2, 
F2, H2, J2, 
all I/O 

(- r *Not tested by the bring up diagnostic but can cause bring up halts. 

Service Aids 

Probe -POR on the H2 card while 
activating bring up. 

Use the DISPLAY REGISTERS 
switch to check R7LO. 

Use the DISPLAY REGISTERS 
switch to check RFLO. If RFLO is 
less than 0080, replace J2. 

Use the DISPLAY REGISTERS 
switch to check for a blank display. 
The display screen should be blank 
in normal mode only. 

Probe the 'bus in' lines on the H2 
card. All bus in bits should be up 
or pulsing. 

Remove A2, C2, D2, and F2. Reinstall 
them one at a time. The card that 
causes AB on POWER ON should be 
replaced. If this does not fix the 
problem, the cause might be H2 or J2. 
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Halt Area 
Code Test Tested Service Aids 

ABC Tests processor J2 Probe the 'ROR error' line on the J2 ''-~ 
microinstructions. card. Loop on the op code test in 

OCP if the problem is intermittent. 

ABCO Tests the ability to switch to H2,J2, None 
read/write storage and back to L2 
ROS. 

, 
'''-. 

ABCOE Activates program interrupt A2, K2, C2, Level 1 - C2 or 02 
levels 1, 2, and 3. 02, H2, Level 2 - A2, K2, H2, tape control 

all I/O card, 5106, 5103, and 
/ 5114 '\ 

Level 3 - H2 or keyboard \ 
'--, 

I ABCOEF 1 Tests all device addresses. 0 - J2, Probe the device address error on 
F2, the device. 

(/ '--

4 H2, Kybd 
5 5103, 
6 C2, 
7 K2, 
8 02, 
0 5114, 
E H2, tape drive, 

5106 
'-, 

\ 

ABCOEFG 1 Tests the keyboard. H2 None / 

ABCOEFGH 1 Tests the keyboard for stuck M2, M4, N2, N4, Loop on the read/write storage test 
flyplates and displays the key key module in OCP if the problem is intermittent. 
symbol and its key code (hex). (see 250), 
Also tests all read/write storage keyboard PC 
locations above 05FF. The board, keyboard 
read/write storage test writes cable, H2 
shifting data, then reads it. 
Before the test is complete, all / 
read/write storage locations 

[ 

\ 
above 05F F are set to O. 

-/ 
/ 

ABCOEFGHJ1 Initializes executable ROS. L2 None 

ABCOEFGHJK Tests the first half of the exe- L2 None 
cutable ROS card. 

ABCOEFGHJKL Tests the feature ROS card K4 Remove the K4 card and press the 
if the K4 card is installed. RESTART switch. 

\ 

ABCOEFGHJKLM Tests the second half of the L2 None 
executable ROS card. 

1 Interrupt errors can occur during bring-up diagnostics ABCDEF through ABCDEFGHJ (see ABCDE for levels). 
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Halt 
Code 

ABCDEFGHJKLMN 

Test 

Tests the SORT utility on the 
feature ROS card if the 
K4 card is installed. 

ABCDEFGHJKLMNP Tests the content of non­
executable ROS and does a CRC 

RDS XX YY check on each ROS module. 
The display shows ROS XX YY, 

ERROR --- where XX identifies the card. 
(See ROS Content and CRC 
Errors. ) 

ABCDEFGHJKLMNPO Bring up is complete. Control 
passes to the BASIC or APL 
microprogram subroutine that 
displays LOADO or CLEAR WS. 

Area 
Tested 

K4 

1X = F2. 
2X, 31, 32 = E4. 
33 or 4X = F2. 

L2 

Service Aids 

Remove the K4 card and press the 
RESTART switch. 

Loop on the ROS CRC test in DCP 
if the problem is intermittent. 

The bring up diagnostic can be looped 
once by pressing the RESTART 
switch. 

Note: On an APL/BASIC machine, the bring up diagnostic tests only the nonexecutable ROS that you select with the 
APL/BASIC switch on the control panel. For example, with the APL/BASIC switch set to APL, the APL ROS on the E4 
and F2 card is tested; BASIC ROS on the F2 card is not tested. To test the BASIC ROS, set the APL/BASIC switch from 
APL to BASIC and restart the bring up diagnostic. 

ROS Content and CRC Errors 

f ABCDEFGHJKLMNP 

ROS XX YY 

ERROR ZZZ 

( 

( . 

(~ 

( 

XX = Module ID being tested. 
1 X = BASIC ROS on the Common 
and language ROS card (F2). 

2X series or 31 or 32.= APL RDS 
card (E4). 

33 or 4X series = Common and 
language ROS card (F2). 

Note: If a failure on 2X, 31, or 
32 is not corrected by replacing 
the APL card, replace the Com­
mon and language RDS card 
(could be an addressing problem). 

YY = Module ID read. 
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I ERROR ZZZ 001 - Common and langlJage 
ROS card (F2). 

002 and 014 - Executable ROS (L2) 
processor (J2) or read/write 
storage card (M2). 

005 - Common and language ROS 
card (F2). 

007 - CRC error. 
008 - Module ID error. 

I Cause: Addressing problem. Common and language ROS card (F2). or APL ROS card (E4). 

PARALLEL I/O ERROR CODES 

I Device Error Code Description 

Device Subdevice 
Error Address Address 
xx y zz 

PIO 02 7 zz Command Error-Invalid command to device or invalid parameter to 
command device. 

09 7 zz End of Data-Empty buffer returned to APL on input. 

10 7 zz End File-The user pressed the CMD key and the ~ero key on the 
numeric keyboard. 

13 7 zz Not Attached-The microprogram or the hardware for parallel I/O waS 
not present. 

14 7 zz Invalid Device Address-The user specified an invalid device or sub-
device address. 

20 7 zz Invalid 'V (Del) Commal'ld~ The user sent an invalid command to an 
output device that operates in seven bit mode, or the user sent a 
command other than 'V Q to an eight-bit device or a device in eight-
bit mode. 
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I Device 

Error 
xx 

Pia 21 
(continued) 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Error Code 

Device 
Address 
y 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Subdevice 
Address 
zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

zz 

Description 

Attempt to Talk, but Not Addressed to Talk-A device dependent 
output was attempted on the 5110, but the 5110 is not a tal ker. 

Attempt to Listen, but Not a Listener-A device dependent input was 
attempted on the 5110, but the 5110 is not a listener. 

Trying to Talk, but No Listeners-The interface signal lines were at the 
wrong level. 

Two Controllers on the Interface-Another device on the interface 
was sending attention. 

Interface clear from another device on the interface. 

Invalid talker address given for serial poll. 

Incomplete parallel or serial poll. 

Invalid listener address for parallel poll configure or disable. 

Invalid SP field for parallel poll configure. 

In parallel poll, there was not a mUltiple of three bytes between 
11 L or 11 0 and 11 M. 

Attempt to transmit a take control remote message. 

Parity Error-Invalid parity was detected in seven-bit mode when the 
parity parameter was either even or odd. 

Invalid data character given for BASIC eight-bit output. 

BINARY SYNCHRONOUS COMMUNICATIONS (BSC) 
ERROR LOG AND HISTORY TABLE 

Errors are recorded in an error log and an error history 
table to assist you in determining the cause of inter­
mittent BSC problems. 

To use diagnostic aids to determine the cause of a prob­
lem see the IBM 5110 Binary Synchronous Communica­
tions Feature Maintenance Information Manual, 
SY31-0558. 
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5110 SYMPTOM INDEX 

Symptom 

Intermittent process checks with 
all I/O devices attached. 

Intermittent process checks and 
bring up failures. 

Process check on power up. 

Bring up failure on power up. 

Fails to power up intermittently. 
Fans run but there is no voltage 
to Al board. 

Fails to power up within five 
seconds after power down (30 
to 90 seconds). 

Blows card and land patterns on 
A 1 board after installing a TV 
monitor. 

Keyboard locks with flashing 
cursor. 

Key pressed and wrong character 
is displayed. 

Unsteady display. 

No display and registers are not 
running. 

4-114 

Isolation Aid 

Remove all the I/O devices to see if 
the problem still occurs. 

Check the power cable plug (Yl) on 
the A 1 board. The clamp might be 
formed wrong; this allows the plug 
to fall out. 

Suspect the M2 storage card. Swap 
the M2 card with another storage 
card to verify this. 

Go to DISPLAY REGISTERS. 
If ROLO is 0006, the failure is in 
the bring up diagnostic. 

None. 

Remove the AC fan motor plug 
and the AC tape motor plug at the 
AC box. Then power up. 

Check the TV monitor line cord 
wiring for an error causing chassis 
to be hot (110 AC). 

Check the last key pressed and verify 
that it operates. Press the RESTART 
key to isolate the failing key. 

None. 

Switch to DISPLAY REGISTERS. 
Check the connections on the 
brightness control. 

Remove the printer from the system. 

Fix 

Replace the printer adapter card. 

Reform the clamp holding Y1. 

Replace the M2 card. 

Replace the J2 card. 

Replace the POWER ON/POWER OFF 
switch. 

If the machine powers up, suspect the 
wiring of the AC box. 

The customer must have the TV monitor 
wiring corrected. 

Clean or replace the failing fly plate and/or 
key module. 

Replace the ROS card, storage card, or 
display card. 

Repair the connections on the brightness 
control. 

Replace the printer adapter card. 

'\ 
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Symptom 

Unable to clear messages from 
display line 15 when errors occur 
during an input statement. 

Display character distortion. 

TV monitor has wavy or distorted 
characters. 

166 APL halts in BASIC. 

003 through 010 intermittent 
errors. 

003 and 004 errors when marking 
new tapes. 

003,004, and 007 errors. 

" 003,004, 007 and 008 errors. 

004 and 007 errors on diagnostics 
and customer jobs. 

004 and 007 errors. 

004,005,006,007, and 008 errors. 

,,004,007, and 008 errors. 

(,- / 

Isolation Aid 

None (operator error). 

Adjusting the CRT has little or no 
effect. 

5110 display is OK. 

The problem shows up in new tapes 
(unmarked) copied by the tape copy 
program. 

Check the customer grounding and 
the 5110 grounding. 

None. 

Check for bad solder connections at 
paddle cards and cable connectors. 
Also check for strands of wire shorting 
to pins. 

None. 

Moving the cable that goes to the 
CRT away from the tape control card 
causes the problem to disappear. 

Loose read/write head. 

The customer usually sees only 005 
errors, but can create 007 errors 
unknowingly. 

Locking wheels are not centered or 
seated properly in the base. 

Excessive retries. 

The motor locks up or does not 
move the tape properly. 

Fix 

Do not use undefined function keys or 
copy display without a printer attached 
to the system. 

Replace the G2 card. 

Uncrimp the cable connection to the TV 
monitor. 

Do not use new unmarked tapes as out· 
put for the tape copy program. Mark 
the new tapes with at least one file 
before using. 

Check to see it customer is using an 
ungrounded extension cord. 

Replace the LED/PTX assembly. 

Replace or repair the cables and verify 
that all connections are good. 

Replace the L2 card. 

Replace the CRT. 

Replace the read/write head. 

Adjust tape microswitches for .025 mm 
(.001 inches) to .076 mm (.003 inches) 
clearance (adjust for maximum 
overtravel). 

Adjust the locking wheels (see 222) and 
check the adjustment by pulling the 
cartridge out about 3 cm (1/8 inch) 
and releasing it. The cartridge should 
seat in the tape unit. 

Check the select magnet and the jackshaft 
adjustments. (See 220 and 221.) 

Replace the motor. 
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Symptom 

004,007, and 008 errors. 
(continued) 

007 errors. 

I 007 and 008 errors. 

010 and 012 errors. 

Noisy tape drives. 

SIO fails to run the I/O device. 

4·116 • 

Isolation Aid 

The tape rubs against the cartridge 
base plate or plastic top. 

Extra bytes are written in the data 
record field on the diagnostic tape 
cartridge during a CMDO or CMD1. 

The display is not blanked during 
tape operations. 

The spindle is glazed from improper 
contact pressure between the spindle 
and the tape cartridge. This causes 
retries and tape errors. 

Fix 

Reposition the tape on the spools by 
doing a )UB or UTI L; then mark a file 
to the end of tape and do a rewind. 

Check out the tape by doing a )UB or 
UTI L on the diagnostic tape cartridge. 
If this works, load the failing file using 
the DCP I/O function. 

If there is an error in the data, an 007 
error will be displayed. You can rebuild 
the damaged file using a known good 
tape and DCP C 5. (See DCP I/O Func· /-', 
tion in Diagnostic Aids.) 

IN PROCESS and PROCESS CHECK 
leads are swapped. (See 249 for correct 
wiring.) 

Clean the spindle and drive rolls using 
isopropl alcohol. 

The customer cannot copy a complete All tapes have 204K bytes storage 
tape to another tape or complains 
that tapes have different storage 
capacity. 

Spindle or jackshaft bearings. 

Check for proper wiring of the I/O 
device. 

capacity. New files require .5K bytes 
for each file header. This must be 
considered when you set up the files. 

Replace as required. 

Wire the I/O device to provide 'data 
terminal ready' if the 5110 is acting as a 
modem. If the device is acting as a 
terminal, wire the I/O device to provide 
'data set ready'. 

I 
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5110 SERVICE TIPS 
(- "\ 

(DANGER I Do not touch or attempt to remove the coax cable while 
the TV monitor is plugged into an AC outlet. There is the 
possibility of 110 volts being carried on the coax BNC 

_ connector and the cable shield, if the TV monitor has 
lot been properly modified by the user. This voltage [I oo"'d ,1'0 'PPO" on th' ',,,no 0' th, 5110, 

(--.------
r ____________ _ 

f 
( 

( 

General Tips 

• Try to force the failure when running diagnostics by: 
Vibrating the machine/cards/connections. 
Raising the machine temperature (unplug the 
blower). 

CAUTION 
Do not exceed 20 minutes. 

Lowering the machine temperature (use a circuit 
coolant). 

• Machine power switch must be down (off) when you 
remove the read/write storage cards (M2, M4, N2, 
N4). All other cards can be removed with power 
switch up (on). 

• You can remove the following cards/devices if they are 
not part of the failing operation or when you are trying 
to isolate to a failing operation: 

A2-1/0 cable driver card 
B2-BSCA 1 card 
D2-Asynchronous communication/serial I/O card 
APL card E4 if the failure is in BASIC 
Read/Write storage cards M4, N2, and N4 
5103 Printer 
K2-Parallel I/O card 
5106 Auxiliary Tape Unit 
A4-BSCA 2 card 
5114 Diskette Unit 
BSCA attachment cards A4 and C2 
EIA communications facility interface card C2 
Feature ROS card K4 

• You can swap either the parts of the tape units (internal 
and auxiliary) or the complete tape units (physically or 
electrically). To swap electrically, swap the cable in the 
Z2 socket of the 5110 A 1 board with the cable socket 
in socket B4 of the Auxiliary Tape Unit. The internal 
tape unit address is now E40 (BASIC) or 002 (APL). 

• To loop the tape or diskette read diagnostic (call 0). 
1-Load and run call 0 until the first stop occurs. 
2-1 nsert the diagnostic cartridge. 
3-Hold the CMD key and press the ATTN key. 
4-Press the A key. 
5-Enter: 35BA2A 1 E. 
6-Press the EXECUTE key. 
7 -Press the ATTN key. 
8-Press the A key. 
9-Enter: 2A6830BA. 

10-Press the EXECUTE key. 
11-Press the ATTN key. 
12-Enter: BR2A1E. 
13-Press the EXECUTE key. 

• To stop looping: 
- Hold the CMD key and press the ATTN key. 

CAUTION 
Stop looping only during a rewind operation. You can 
damage the diagnostic cartridge if you stop it at any 
other time. 

Tape File Recovery 

This procedure can be used to recover tape files before and 
after a defective file (CRC in header). To identify a defec­
tive file, do a UTI Lor )L1 B of the cartridge starting with 
file 1. 

Use the following example, files 1 through 4 are good, file 
5 is defective (CRC in header), files 6 through 10 are good. 
By using the normal load and save commands, you can save 
files 1 through 4. When file 5 is reached (defective file), 
remove the cartridge and manually move the tape forward 
past a load of the file 6, and repeat the load and save opera­
tions for fields 6 through 10. (Be sure to save to a differ­
ent tape and mark as required.) By marking file 4 on the 
defective tape one K larger than it was, you can reuse the 
tape. All files past file 3 are now lost. 
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Error Retry Bypass Freelance Aids 
/~., 

( 
~ "-

The 5110 has the capability of retrying an operation up Isolation aids that can be used when freelancing: \ to ten times before it displays the error and stops. These \,-/ 
retries can cause the processing time to increase for tape, 1. Disconnect one or both external I/O devices. 
diskette, or communications operations. If this occurs, you 
can inhibit the retries by changing the read/write storage CAUTION 
location 00A2 through 00A5 from xxxx to 8xxx. The last cabled I/O device must have a terminator 

or you will get process checks and bring-up diag-
(~--. -'. 

nostic errors. The 5103 has its own internal \ ./ 

Tape Mark terminator. 
,--_.,-

This procedure allows you to remark (initialize) a tape if 
file 1 is defective (eRC in header). Be sure to recover all 
files after file 1 before using this procedure. Recover all ~'\ 

data possible before doing this. Use the file recovery I 

"'-. -~ 

procedure first. 2. Remove all but 16K bytes of storage and use 
extra cards to isolate the problem. 

1. Rewind the tape and do a UTI L or ) LI B to ensure 
file 1 is defective. 3. Remove the A2 card to isolate the 5110 from the -"'-

external I/O. 
2. Rewind the tape to the load point (single hole in 

tape). 4. Remove the B2 and 02 cards to isolate the 5110 
from the communications and/or SIO. 

3. Remove the tape and wind the load point hole onto 
the right reel. 5. Disconnect the CRT connector if a display is not 

needed. 

4. Jumper U10 to UOS on the back of the tape unit 
" 

(control card pin side) (230). 6. All 5110 cards except read/write storage can be \ 

pulled with power on. 

5. Insert the tape and with a thin screw driver reach in 
from the right side of the tape unit and push the jack- 7. All pins except voltage pins can be tied down. 
shaft to the left. This causes the tape to move for-
ward. Move the tape forward about six inches. S. Check all voltages. 

6. Release the jackshaft. 9. Disconnect the fan motor to heat the machine and 
aggravate the failure. 

7. Remove the jumper. 
CAUTION 

\ 

8. Rewind the tape. Do not exceed 20 minutes of machine operation "--
without fan running and covers installed. 

9. Mark the tape starting in file 1. 

/ 
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Card and Board Jumpers 

Hard to analyze failures on the 5110 might be associated 
.. with the jumper installed on the A 1 board, the H2 card, 

the J2 card, the G2 card, the L2 card, or the I/O adapter 
cards. In several cases, the jumpers have been missing or 
loose. 

When working with the A 1 board or its cards, be sure 
[hat the jumpers are installed correctly. If you are 
experiencing any of the following symptoms, check 
the jumpers: (See MAP 050 for the correct jumpering 
of the logic cards.) 

1. 

2. 

3. 

4. 

Process check on power up, but restart works 
properly. 

No display; will not restart; meaningless data on the 
display. 

Single row of digits across the bottom of the display 
or blank display. 

Unable to analyze process checks or more than one 
type of process check at the same time. 

Wrong characters printed on the printer or dis· 
played on the display. 

Read/Write Head (007) Errors 

The following read/write head adjustment procedure might 
decrease 007 tape errors: 

1. Remove the tape control card. 

2. Loosen the read/write head. 

3. Position the read/write head against the front and 
left of the mounting recess and tighten the mounting 
screw (facing the front of the machine). 

4. Make sure the read/write head grounding wire clears 
the cartridge door when the cartridge is inserted. 

6. 

Clean the read/write head with isopropyl alcohol 
part 220020C and lint free tissue. 

Replace the tape control card and test the 5110 
using the tape read test and MDI 860. 

Intermittent Process Checks 

If you are experiencing intermittent process checks on 
the 5110 and cannot determine the type or the cause, see 
Error Checking in the Theory section, When an error 
occurs, do not reset the machine. This will allow you to 
probe the failing line. 

Dropping Records 

If you are experiencing dropping records from files or you 
are getting 009 or 152 errors, check the file to see which 
recent changes were made and check to see if the file is 
larger than the available workspace. If you load a data file 
into storage, get a 152 error, make changes or corrections 
to !hat file, and then save the file, all data beyond the 
available storage will be lost. To eliminate losing these 
files, change or update the files under program control. 
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Attachment of a TV Monitor 

Generally, modifying a standard TV set and using it as a 
video monitor yields less satisfactory results than a regular 
video monitor. This is because the same level of quality 
is not built into TV receivers as is found in monitor class 
units. For example, the contrast and resolution are not as 
good on a modified TV receiver; thus the image is not as 
sharp and usually more difficult to read. 

However, if a TV receiver is modified and used as a video 
monitor, the following procedure must be observed, or 
exposure to a severe electric shock or damage to the 5110 
may occur when the TV set is connected to the IBM 5110. 

A modified TV set must have isolation between the pri­
mary line voltage and the frame and circuitry of the set. 
This can be accomplished by using an isolation trans­
former between your outlet line voltage and the voltage 
input to the TV set. This transformer should be 
permanently wired into the circuit. The new input 
power plug must be a three-prong grounded plug with the 
ground connected to the chassis of the TV set. This 
grounding circuit must be electrically connected to 
the 5110 grounding circuit. 

Before the video input is connected to anything, it should 
be tested to verify that the connector's external shell is 
at ground potential and that no line voltage is present on 
either the external shell or the center conductor. 

It is the responsibility of the TV modifier to ensure that 
the input circuit meets the requirements of the 5110 out­
put and will not damage the 5110. I BM will not modify 
the TV receiver. 

Three-Prong 
Grounded Plug 

Isolation 
Transformer 

Note: If a TV receiver is modified for use as a video 
monitor, IBM accepts no responsibility for safety pre­
cautions during conversion and hookup for damages 
incurred to the TV receiver or 5110 or for the quality 
of the TV receiver as a video monitor. 
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MOl FAILURE ISOLATION CHARTS 

MOl BOO-Printer 

The following chart shows the relationship of MOl 800 
and MOls 801 through 805. MOl 800 tests the entire 
printer. When MOl 800 detects a failing condition, it halts 
and displays the test routine that failed. MOl 800 isolates 
certain failures as shown for further failure isolation. You 
can loop MOls 801 through 805 by returning to the MOl 
option display and following the instructions. 

Enter 

MOl BOO-Printer f--

Tests: 5103 circuits and mechanics 

Analyzes to: 

A 1 A 1 voltage regulator and sense amp card 

B 1 A2 adapter card 

Left margin 

Print emitter pickup 

Print emitter board 

Forms emitter -
Power 

801 - End of forms 
-. No end of forms 
- Forms motion problems 

---. 802 - I ncorrect status 

- Voltage checks 

B03 - Adapter card, I/O cable and signals 

- Carrior motion 
- Print head motion 
- Print head retract 

--. 804 - Print head interface 
- Print emitter 

805 - Left margin 
- Left margin timing 

- Print problems 
- Print quality 
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MOl 820-Async Comm/Serial I/O 

This MOl tests the Asynchronous Communications Serial 
I/O features that reside on the 02 card. When this MOl 
detects a failing condition, it halts and displays the rou­
tine that failed. For descriptions of these toutines, see 
the Async Comm Adapter/Serial I/O Adapter and 
Diagnostic Routines. 

MOl 820-Async Comm/Serial I/O 

Tests: Async comm/serial I/O circuits 

Analyzes to: 

• Async comm 
- Timer interrupts 
- Data set ready 
- Clear to send 

Data through the async comm circuits 
- Long space interrupts 

• Serial I/O: 
- Timer interrupts 
- Data set ready 
- Clear to send 
- Data through the serial I/O circuits 

MOl 821-Binary Synchronous Communications Adapter 
(BSCA) 

This MOl tests the BSCA logic cards and the communica­
tion facility card in the C2 card socket. When the MOl 
detects a failing condition, it halts and displays the sus­
pected FRU and the diagnostic routine number that 
detected the failing condition. For a description of these 
routines, see the BSCA Diagnostic Routines in this 
section. 

4-122 

MOl 821-BSCA 

Tests: BSCA logic cards B2 and A4, and communi­
cation facility card C2. 

Analyzes to: 

• BSCA microprocessor and read/write storage 

• Timer interrupts 

• SYN character detection 

• Data terminal ready 

• High speed and low speed operation 

• Data path of the BSCA card and the communica­
tions facility logic card 

MOl 823-Parallel I/O 

This MOl tests the parallel I/O logic card in the K2 card 
socket. When this MOl detects a failing condition, it halts 
and displays the suspected FRU and the diagnostic 
routine number that detected the failing condition. For a 
description of these routines, see the Parallel I/O Diagnostic 
Routines in this section. 

MOl 823-Parallel I/O 

Tests: Parallel I/O logic card K2 

Analyzes to: 
Data path 
Software resets 

\. 
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MOl 840-Tape Read 

This diagnostic has two parts: 

1. MOl 840 tests the tape unit without tape motion. 

2. MOl 844 tests the tape unit with tape motion. 

The chart on this page shows the relationship of MOl 840 
through MOl 847. Be sure to record the information in 
the status bytes for at least the first failure in order to 
compare status information with the MOl routine causing 
the halt. See the Tape Status Byte information in this 
section. 

MOls 840 and 844 cannot be looped together. To loop on 
MOl 840, load MOl 840 and remove the tape cartridge 
before running the MOL Go to the option menu to set up 
the loop. To loop on MOl 844,Ioad and run MOl 844. 
Go to the option menu to set up the loop. See MOl 
Options in the Diagnostic Aids section of this manual. 

MOl 840 and 844 can be run for both the internal tape or 
the unit 5106 Auxiliary Tape Unit. However, a confusion 
factor exists because all references are to the 5106 Auxili­
ary Tape Unit. Also, the MOl subsection has to be loaded 
from the internal tape unit and might be difficult to load 
depending on the frequency of the failure. 

Enter 

MOl 840-Tape Read I--

Tests: Tape read without tape motion 

Analyzes to: 

Status reset 

Interrupt 

Read check 

~ 
MOl 844-Tape Read 

Tests: Tape read with tape motion 
I--

841 - Cartridge in place 
- File protect 
- LED, BOT, EaT 

842 - Erase 
- Select magnets 

843 Interrupt -
-+ - Data through tape control card 

845 - Cartridge in place r - Read data 
- Customer error codes 002-014 

846 - BOT 
- EaT 
- Tape speed 

847 - Tape motion 
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MOl 860-Tape Write 

This MDI tests all the tape write functions of the internal 
tape unit and the 5106 Auxiliary Tape Unit. The MDI 
test also analyzes all failures except erase as shown in the 
following chart. The erase function is tested in MDI 861. 
Be sure to record the tape status on at least the first fail­
ure. See the Tape Status Byte information in this section. 

Enter 

MDI 860-Tape Write 

Tests: Tape write head and circuits 

Analyzes to: 
VelOCity 
Acceleration 
Deceleration 
Write/read back 
Symmetry (see note 1 ) 
Peak shift (see note 2) 
Read/write head azimuth (see note 3) 
Binds in customer cartridge (see note 4) 

Notes: The following notes are for instructional purposes 
only. The drawings are not meant to be scope pictures as 
the diagnostics are designed to check the tolerances. 

1. Symmetry-The bit cells are of equal duration. This is 
a function of the tape read/write channel. The tape 
velocity tested OK in a previous routine. 

Raw Data 

Clock 

~ 

Bit Cell 

Clock Clock 

2. Peak Shift-The timing shift of the analog signal peaks 
is due to the bit pattern and to the tape to read/write 
head relationship. This is a function of reading tape. 

4-124 

861 - Analyzes erase 

c o c c o c 

Undistorted I 
Raw Data I 

1 
1 1 1 
1 I 1 
I I ----1-, r---, I----J ,..--1, r-----' ,----
I I I I I I I I I I I' 
I LJ I..J LJ I l J '-~ 

Peak Shifted 1 

Raw Data I 

3. Azimuth-The physical angular alignment of the 
read/write head gap with the recorded transistions on the 
tape. Azimuth is similar to skew, but due to recording 
data serial by bit and by character (as opposed to parallel 
recording on 7 and 9 track tape) , it is referred to as 
azimuth. 

4. Binds in Customer Cartridge-All tape write tests must 
run satisfactorily with the diagnostic cartridge prior to 
inserting the customer's cartridge. 

j""- -~ 
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_,_ ",,1 MDI881 - DISKETTE DRIVE 

This MDI checks all of the diskette functions. If MDI 881 
detects a failing condition, it halts and displays the number 
of the test routine that failed. MDI 881 can then branch to 

( 

( 

( 

c 
( 

another MDI (882 through 888) for further tests to isolate 
the failure. 

Enter 

MDI 881 - Diskette Drive 
f--

f---

Tests: 5114 circuits and mechanics 

Analyzes to: 

Index 
Access 
ReadlWrite 
Interrupt 

f---

f-

r--+ 

• 

~ 

882 - Read/write 
- Head alignment 

883 - Index 

884 - Access 

885 - Power 
- Interrupt 

886 - Head engage 

887 - Power 
- Index 

888 - Read/write 
- Head alignment 
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MOl 890 - COMMUNICATIONS ROUTINES 

This MOl is a MAP that prompts the user to select special 
communications routines. 

Enter 

~ 
~ MOl 890 Communication Routines 

Provides selection of routines for communi-
cation. .. 

.. 

-

.. 

... 

4-126 

894 

895 

896 

897 

898 

899 

- Routine to print data recorded on the 
TRAP. 

- Async Comm Adapter/Serial I/O routines. 
These are the same routines as those in 
MOl 820. 

- SSC routines. These are the same routines 
used in MOl 821. 

- Parallel I/O routines. These are the same 
routines as used in MOl 823. 

- sse test patterns. These routines trans-
mit continuous MARK, SPACE, or up to / 

16 characters; as selected by the user. 

- BSC Read/write dump routine. 

- -"---- -- ---. -} 
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Installation Procedures 

(-- - Prepower Check 

( 

( 

( 

. ( 

( 

Check with the customer to verify that the AC voltage 
outlet is grounded properly. 

Power On Check 

1. Make sure that the POWE R switch is off. 

2. Connect the mainline cord to the AC power outlet. 

3. Turn the POWER switch on. 

4. Observe the 5110 for signs of overheating or smoke. 
Turn off the POWE R switch immediately if any ab­
normal conditions are noted. 

5. Check that the fan is turning. 

6. Use the MACHINE CHECKOUT, MAP 0900, to check 
the 5110 operation and performance. 

Completion of Installation 

The 5110 serial number is engraved on the rear of the base. 
Place the MAPs in the separate MAP binder provided. Insert 
the MAPs binder into the 5110 M LM binder by inserting its 
back cover into the slot in the front cover of the 5110 
MLM binder. Place the 5110 Parts Catalog and the 5110 
Maintenance Information Manual into the 5110 MLM 
binder. 

Cover Cleaning 

Use a mild soap or isopropyl alcohol (part 2200200). DO 
NOT use IBM cleaning fluid. 

Appendix A 

5110 Specifications 

Dimensions: 
Front Side Height 

Inches 17.5 24.0 8.0 
Millimeters 445 609.6 203 

Weight: 50 pounds (24 kg) 

Heat Output!hr: 780 BUT/hr 

Power Requirements: 

AC Voltage 
(single phase) Hertz kVA 

100V 50 0.4 
100V 60 0.4 
115V 60 0.4 
220V 50 0.4 
235V 50 0.4 

Power Cord Specifications (220, 235): 

Cable OD-0.4 ± 0.015 inches (10.16 ± 0.38 mm) 
Shields-none 
Conductors-3 
Conductor size-16 Awg (1.3 mm2 ) 

IBM 5103 PRINTER 

Refer to the IBM 5103 Printer Maintenance Information 
Manual, SY31-0414 for the 5103 installation procedures . 

5114 DISKETTE UNIT 

Refer to the IBM 5114 Maintenance Information Man­
ual, SY31-0551 for the 5114 installation procedures. 
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5110110 DEVICE CONFIGURATIONS 

IBM 5103 Printer, IBM 5106 Auxiliary Tape Unit, and IBM 
5114 Diskette Unit to the IBM 5110 Computer 

A maximum of three devices can be attached 
to a 5110 computer. The following specific 
arrangements are allowed as configurations: 

5110 Model X1X 
5106 
5106,5114 
5106,5114,5103 
5106,5103 
5114,5114,5103 
5114,5114 
5114,5103 
5103 

5110 Model X2X 
Accepts all of the above configura­
tions, except for the attachment 
of the 5106. 

IBM 5114 Diskette Unit 

1111111111111111111111111111111111111111111111111 

IBM 5110 Computer 

ijlllllllllillllllllll""IIII~ 

When installed, the 5106 must always be the first 
device attached to the 5110. However, when the 
5103 printer is installed, it must always be the 
last cabled device attached. If a 5103 printer is 
not installed, the last cabled device must have a 
terminator installed. 

IBM 5103 Printer 
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IBM 5106 Auxiliary Tape Unit and IBM 5103 Printer to 
the IBM 5110 Computer 

IBM 5106 Auxiliary Tape Unit IBM 5110 Computer IBM 5103 Printer 

\llllllllllll~IIIIIIIIIIWllllij 
"""'1"11111111111111111111111111111111111111111/111111111111111111 

IBM 5106 Auxiliary Tape Unit to IBM 5110 Computer 

IBM 5106 Auxiliary Tape Unit IBM 5110 Computer 

D \Illlllllllllllllllllllllllllillij 
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IBM 5106 AUXILIARY TAPE UNIT 

Prepower Check 

Check with the cuStomer to verify that the AC voltage 
outlet is grounded properly. 

Cable Installation 

1. Turn the 5110 POWER switch off (down). 

2. Attach the line terminator to the cable connectors 
on the back of the 5106 Auxiliary Tape Unit. 

3. Attach the external I/O interface cable assembly to 
the back of the 5110. 

Power On Check 

1. Make sure that the POWER switch is off (down). 

2. Connect the mainline cord to the AC power outlet. 

3. Turn the POWER switch on (up). 

4. Observe the 5110 for signs of overheati ng or smoke. 
Turn the POWER switch off (down) immediately if 
any abnormal conditions are noted. 

5. Check that the fan is turning. 

6. Use the Auxiliary Tape MAP 0850 to check the 5110 
operation and performance. 

7. Replace the cover. 

Completion of Installation 

The 5106 Auxiliary Tape serial number is on a tag on the 
bottom of the base. 

A·S 

Cover Cleaning 

Use a mild soap or isopropyl alcohol (part 2200200). 
DO NOT use IBM cleaning fluid. 

Safety 

Remove all electrical power from the 5106 Auxiliary Tape 
Unitby unplugging the mainline cord. 

IBM 5106 Auxiliary Tape Unit Specifications 

Dimensions: 

Inches 
Millimeters 

Weight: 

Heat Outputlhr: 

Power Requirements: 

AC Voltage 
(single phase) 

100V 
100V 
115V 
220V 
235V 

Front Side 

13.25 9.85 
336.5 250 

18 pounds (8 Kg) 

130 BTU/hr 

Hertz kVA 

50 0.1 
60 0.1 
60 0.1 
50 0.1 
50 0.1 

Power Cord Specifications (220, 235): 

Height 

7.1 
180 

Cable OD-0.4 ± 0.015 inches (10.16 ± 0.38 mm) 
Shields-none 
Conductors-3 
Conductor size-16 Awg (1.3 mm2 ) 

Operating Environment: 

Temperature 60°F to 90°F (15.6°C to 32.2°C) 
Relative humidity 8% to 80% 
Maximum wet bulb 73° F (22.8° C) 
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Tools and Test Equipment 

GENERAL lOGIC PROBE (part 453212) 

The general logic probe provides a visual indication of a 
line level. The probe can also be used to detect pulses and 
to serve as a babysitter. (Refer to handbook that comes 
with probe.) 

Probe UP and DOWN lights will momentarily 
flash on during power up if the probe is 
connected to its machine power source. 
Please ignore. 

Indicator Lights-----, 

UP indicates an up level (+). 
DOWN indicates a down level (-). 

A pulsing line is indicated by 
both lights being on. 

Both lights are off if the line 
level is from +1.0 Vdc to +2.0 Vdc 
for the MULTI logic setting. 

Safe Operating Ranges: 

Logic 
Selector 

MULTI 
MST 2/4 
MST 1 

+60.0V 
+14.0V 
+14.0V 

Voltages greater than the above 
ranges will damage the probe. 

powerLeadS==================::::::::::::~~~~~ 
CAUTION 
Improper connection of the power lead might cause the 
probe to malfunction. 

Connect the probe power leads as follows: 

Black (-) Other (+) 

5110 M2D08 (Gnd) M2D03 (+5V) 

5103 Tp·G6 (Gnd) TP-V4 (+5V) 

5106 A1-A4D08 (Gnd) A1-A4D03 (+5V) 

5114 See inset. See inset G 
Note: Power for the probe can be obtained from any of 
the above devices when you are probing any other device. 

Appendix B 

Test Terminal 

The line being probed is connected to 
this terminal. (Various probes may be 
attached, other than the one shown, 
to aid in probing.) Do not use a tip 
longer than 3 inches (76.2 mm). 

Connect this lead to any signal ground 
near the probe point. Do not use 
frame ground. 

CAUTION 
Improper indications result if this 
lead is not connected to signal 
ground. A maximum length of 4 
inches (101.6 mm) can be used. 

logic Selector (TECHNOLOGY) 

• MULTI 

Selects the type of logic to be probed. 
Circuits probed in the 5110 system 
requires the MULTI setting. 

lATCH Switch 

• NONE 

Allows the probe to be used as a 
babysitter. The up position allows 
latching the UP light on a positive 
pulse. The down position allows 
latching the DOWN light on a 
negative pUlse. NONE position 
resets the lights and prevents any 
latching action. This position is 
used for most probing in the 
5110 system. 

GATE REF Volts Switch 

This switch affects only the gating 
terminals and is not required for 
probing the 5110 system. 

'GATING Terminals 

These terminals are not required for 
probing the 5110 system. 
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CE METER CALIBRATION CHECK 

1. When measuring voltages,set the CE meter on the 
15 Vdc scale and set the meter to zero. 

2. Ground the CE meter at G2·DOS and measure the 
voltage at G2-S02. Your CE meter is measuring the 
reference voltage (ref vol). A zener diode provides a 
6 Vdc reference (see Logic 420). 

3. If your meter does not read exactly +6 Vdc, it is not 
calibrated, and you must use the following formula 
to determine the actual voltage (act vol): 

6 x Mea Vol 
Act Vol = 

Ref Vol 

Mea Vol = measured voltage (reading on CE meter 
of voltage being measured) 

Example: 

Ref Vol = 5.S Vdc (value of reference voltage at G2·S02 
as measured by the CE meter) 

When you measure the +5 Vdc, your meter reads +4.S 
Vdc. 

6 x 4.8 
Act Vol -,-----= 4.97 Vdc 

5.8 

8·2 

3742 ALIGNMENT DISKETTE (part 2455026) 

The 3742 alignment diskette is a branch office tool. The 
alignment diskette is used with the 5114 diagnostic MDls 
to check the 5114 drive head alignment. 

TAPE CARTRIDGE STOP GAUGE (part 1608780) 

This gauge is part of the basic ship group and is used to 
adjust the tape cartridge stops. 
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Numbering Systems 

HEX NUMBERING SYSTEM 

Binary numbers require about three times as many 
positions as decimal numbers to express the equivalent 
number. This is not much of a problem for the computer. 
However, binary numbers are bulky for humans when they 
are talking, writing, or communicating with a computer. 
A long string of 1 's and D's cannot be effectively trans­
mitted from one individual to another. Some shorthand 
method is necessary. The hex numbering system fills 
this need. 

Because of the simple relationship of hex to binary, 
numbers can be converted from one system to another by 
inspection. The base of the hex system is 16. This means 
there are 16 symbols: 0,1,2,3,4,5,6,7,8,9, A, B, C, 
D, E, and F. The letters A, B, C, D, E, and F represent 
the decimal (base 10) values of 10,11,12,13,14, and 
15, respectively. 

Four binary positions are equivalent to one hex position. 
The following table shows the comparable values of the 
three numbering systems: 

Decimal Binary Hex 

0 0000 0 
1 0001 1 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 
6 0110 6 
7 0111 7 
8 1000 8 
9 1001 9 
10 1010 A 
11 1011 B 
12 1100 C 
13 1101 D 
14 1110 E 
15 1111 F 

Appendix C 

At this point, all 16 hexadecimal symbols were used, 
and a carry to the next higher position of the number is 
necessary. For example: 

Decimal Binary Hex 

16 0001 0000 10 
17 0001 0001 11 
18 0001 0010 12 
19 0001 0011 13 
20 0001 0100 14 
21 0001 0101 15 
-and so on-
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HEX AND DECIMAL CONVERSION 

Hex Columns 

6 5 4 3 2 1 

Hex = Dec Hex = Dec Hex = Dec Hex = Dec Hex = Dec Hex = Dec 

0 0 0 0 0 0 0 0 0 0 0 0 
1 1,048,576 1 65,536 1 4,096 1 256 1 16 1 1 
2 2,097,152 2 131,072 2 8,192 2 512 2 32 2 2 
3 3,145,728 3 196,608 3 12,288 3 768 3 48 3 3 
4 4,194,304 4 262,144 4 16,384 4 1,024 4 64 4 4 
5 5,242,880 5 327,680 5 20,480 5 1,280 5 80 5 5 
6 6,291,456 6 393,216 6 24,576 6 1,536 6 96 6 6 
7 7,340,032 7 458,752 7 28,672 7 1,792 7 112 7 7 
8 8,388,608 8 524,288 8 32,768 8 2,048 8 128 8 8 
9 9,437,184 9 589,824 9 36,864 9 2,304 9 144 9 9 
A 10,485,760 A 655,360 A 40,960 A 2,560 A 160 A 10 
B 11,534,336 B 720,896 B 45,056 B 2,816 B 176 B 11 
C 12,582,912 C 786,432 C 49,152 C 3,072 C 192 C 12 
D 13,631,488 D 851,968 D 53,248 D 3,328 D 208 D 13 
E 14,680,064 E 917,504 E 57,344 E 3,584 E 224 E 14 
F 15,728,640 F 983,040 F 61,440 F 3,840 F 240 F 15 

0123 I 4567 0123 I 4567 0123 4567 

Byte Byte Byte 

From decimal to hex: (1) Locate the largest decimal value in the table that will fit into the decimal number to be converted, 
(2) note its hex equivalent and hex column position, and (3) find the decimal remainder. Repeat the process on this and 
subsequent remainders. 

Example: Decimal Value Hex Equivalent 

Columns 
4 3 2 1 

19,367 
(1 ) 16,384 -- (2)-4 
(3) 2,983 I 

2,816 · I B 
167 I 
160 . I I A 

7 l • • 7 
4 B A7 
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From hex to decimal: Locate each hex digit in its corresponding column position and note the decimal equivalents. Add 
these to obtain the decimal value. 

Example: Hex Value 

Columns 
4 3 2 1 

Decimal Equivalent 

15 
192 

o 
12,288 
12,495 
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Glossary 

adapter: A hardware device that connects two channels on 
the same computing system or on different systems 

alphameric keys: That part of the keyboard that resembles 
a typewriter keyboard 

ALU: Arithmetic and logic unit 

APL: A Programming Language 

Async Comm: Asynchronous Communications 

ATTN: Attention 

BASIC: Beginners all-purpose symbolic instruction code 

BCD: Binary coded decimal 

bits per second: Communications line transmission rate 

BOT: Beginning of tape 

SSC: Binary Synchronous Communications 

BSCA: Binary Synchronous Communications Adapter 

bps: Bits per second 

CC1: Character count 1 

CMO: Command key 

control unit: That portion of the A 1 board in the 5110 that 
contains the controller, portions of the base I/O card, and 
all storage. The control unit contains microinstructions and 
the logic necessary to execute them 

controller: The microinstruction processor within the 5110 

CRC: Cyclic redundancy check 

CRT: Cathode ray tube 

cyclic redundancy check: A system of error checking that 
is performed during transmission and reception of data 
by creating and checking a block check character. 

Appendix 0 

OA: Device address 

OCP: Diagnostic control program 

OSP: Diagnostic supervisor program 

EC: Error code 

Emulator: Hardware, or a combination of hardware and 
software, that permits programs written for one computer 
to be run on another computer. 

EOT: End of tape 

executable ROS: Contains microinstructions that can be 
executed directly by the controller 

flyplate: The pad on the bottom of a keyboard key module. 
When a key is pressed, the flyplate raises and the capacitive 
change indicates to the keyboard printed circuit that the key 
is pressed 

FRU: Field replaceable unit 

header record: A record containing identifying information 
pertaining to a group of records that follow 

hex: Hexadecimal 

Hz: Primary unit of measure for alternating current 
frequency 

I/O: Input/output 

I/O interface port: A removable panel located on the back 
of the 5110 that contains the signal and power connectors 
for attaching I/O devices 

IAR: Instruction address register 

interpreter: A computer program stored in ROS that con­
trols execution of BASIC and APL instructions 

interval timer: Measures the time between clock pulses com­
ing from the read head 

10CB: Input/output control block 

Appendix 0-1 



jackshaft: A mechanical device in the tape unit that trans­
fers motion from the motor (via a belt) to the spindle 

Kbd: Keyboard 

kVA: Kilovolt amperes 

LED: Light emitting diode 

logical record: A group of data independent of its physical 
location 

loop: A group of instructions that are executed repeatedly 

LWR: Loop write read 

MAP: Maintenance analysis procedures 

MCC: Multi clock cycle 

MOl: MAP Diagnostic Integration 

MHz: Megahertz 

MIM: Maintenance information manual 

mm: Millimeter 

ms: Millisecond 

N/C: Normally closed 

N/O: Normally open 

nonexecutable ROS: Contains microinstructions that are 
first loaded into read/write storage and executed from there 

ns: Nanosecond 

numeric keys: That portion of the keyboard that resembles 
a calculator keyboard 

ohm: A primary unit of resistance 

PC: Printed circuit 

PC board: A printed circuit board consists of electrical 
circuits mounted on a board to distribute signals and voltages 

PG: Parity generator 

PH: Polarity hold 

PLFP: Print line failure position 

POR: Power on reset 

0-2 

power on reset: A signal occurring during power up, used 
to reset all circuits to an operational starting point 

PTX: Phototransistor 

RDDR: Read data deserializer register 

RDR: Read data register 

read only storage: A storage whose contents are not changed 
by computer instructions 

record: A group of related data items 

ROS: Read only storage 

RRA: Remove, replace, adjust 

SA: Status byte A 

SAR: Storage address register 

S8: Status byte B 

scroll: Move data on the display screen up or down 

SDR: Storage data register 

spindle: A mechanical device in the tape unit for transfer­
ring motion from the jackshaft pulleys to the cartridge cap­
stan 

steps: An offset that occurs in a reel of tape when exposed 
to extreme temperature drops 

sync: Synchronize or synchronous 

TS: Test status 

TSR: Transistor switching regulator 

TTL: Transistor-transistor logic 

TV monitor: An external display assembly that displays 
the same information as the 5110 5-inch display screen 

typamat ie: A keyboard signal generated by the repeat action 
keys when held down for more than 700 ms 

Vae: Volts of alternating current 

Vdc: Volts of direct current 

video: Information relating to or used in receiving an image 
on the display screen 

/ 
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wrap connector: A communications adapter feature tool 
that allows testing of transmit and receive signals without 

/attaching to a remote device 

X: Hexadecimal 

/J.S: Microsecond 
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·bus in error 3·17 
·Rd data error 3·17 
+address check 3·17 

(see also CRC) 3·32 
+address check, async commlserial 1/0 3·17 
+address check, auxiliary tape 3·17 
+address check, executable ROS 3·17 
+address check, printer 3·17 
+address check, ROS control adapter 3·17 
+bus out parity check 3·17 
+bus out parity check, async commlserial I/O 3·17 
+bus out parity check, auxiliary tape 3·17 
+bus out parity check, executable 3·17 
+bus out parity check, printer 3·17 

AC 
capacitors 
components 
plug sockets 

2·10 
2·10 
2·10 

power considerations 4·77 
power grounding check 4·76 
power supply box 3·41 
power terms 4·77 
voltage distribution (5106) 2·53 
voltage distribution (5110) 2·45 

AC box locations 2·3, 2-4 
acceleration test 4.40,4·42 
adapters 

async comm 3·3 
display 3·3, 3·35 
keyboard 3·3 
parallel I/O 3·3 
serial 1/0 3·3 
tape 3·24 

adjustments 
brightness 2·31 
cartridge stops 2·20 
centering 2·32 
display raster 2·31 
focus 2·31 
forward and reverse select magnets 2·17 
horizontal 2·33 
jackshaft housing 2·15 
locking wheel assembly 2·19 
motor pulley 2·24 
tape switch assembly 2·21 
vertical 2·33 

alignment diskette tool B·2 
all keys assembly 2-9 
alphameric keyboard 2·3,2-4 
alter function 4·11 
APL 1·2 
appendixes A·O, v 
artificial resp iration vii 
async comm adapter diagnostic routines 4·57 
async comm adapter wrap connector 2·50 
async commlserial 1/0 adapters 21 socket 

pin assignments 2·50 
asynchronous communications 

(see also async comm) 3-3 
attention test 4·63 
audible alarm 2-5,3·3 
auxiliary tape (see 5106 auxiliary tape unit) 4-50 
average velocity test 4-40 
A1 board 2·3,2·5 
A1 board (control unit) 
A 1 board card locations 

base cover 2·2 
base 1/0 3·4,3·23 
base plate 2·9 
BASIC 1·2 
belt 2·6 

2-4 
2-12 

binary synchronous communications 
(see also BSC) 3·3 

BOT markers 3-33 
brake arm spring 2-6 
brake arms 2·6 
branch function 4·13 

display formats 4·13 
executable ROS 4·14 
feature ROS 4-14 
read/write storage 4-14 

brightness adjustment 2·31 
brightness control service check 2·30 
bring up 4-4,4·5,4-6 

diagnostic 3-43,4-6 
halt code chart 4·7 
halt codes 4·109 
service aids 4·109 

BSC 
diagnostic routines 4-62 
error counter printout 4-70 
feature 3·3 

Index 
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BSCA 
wrap connector 2-!:i4 
Y2 socket and wrap connector pin assignments 2-54 

bys in lines 2-49 
bus out lines 2-49 
bus out parity check, ROS control 

adapter 3-17 

cable retainer 2-9 
callfunction 4-13,4-15 
capacitor (tape unit) 2-6 
card and board jumpers 4-119 
card jumpers 2-12 
card select lines 3-20 
cartridge in place switch 2-21 
cartridge stops 

adjustment 2-20 
gauge B-2 
location 2-6 
service check 2-20 

CE diagnostic error codes 4-94 
CE meter calibration check B-2,2-41 
CE safety practices vii 
CE switches 4-64 
centering rings adjustment 2-32 
comm diagnostic 4-4 
communications routines MDI 4-126 
contamination shield 2-9 
contrast of the display screen 2-31 
control panel 2-3 2-4, 3-8 
control panel wiring 2-35 
control strobe 3-18 
correct a tilted display 2-32 
correct positioning problems 2-32 
cover cleaning A-3 
covers 2-2 
CRC 3-32,3-33,3-34 
CRC errors 4-111 
cross connectors 2-5 
CSX 3-20 
CSY 3-20 
current carrying ground 
cycle steal control lines 
cycle stealing 3-20 
cyclic redundancy check 

data bus 3-15 

4-77 
3-39 

3-33 

data cartridge capacity 3-2 
data record format 3-32 
DC power cable 2-11 
DC power distribution 3-42 
DC voltage distribution 2-46,2-47 
DCP 4-3 
DCP diagnostic mode 4-5, 4-8 

branch 4-13 
display formats 4-17 

X-2 

DCP diagnostic mode (continued) 
call 4-15 

DCP 110 function-5 4-24 
display messages 4-18 
110 diagnostic-o 4-16 
I/O diagnostic-1 4-16 
loop on error code 4-18 
loop on test 4-17 
op code test-2 4-21 
RIW storage test-3 4-22 
rerun test 4-18 
retry test 4-17 
ROS CRC test-4 4-23 

loading 4-9 
options 4-9 
summary 40S 
to load 4-9 
valid input keys 4-14 

DCP I/O functions-5 4-24 
tape/diskette read format 4-24 
tape/diskette write format 4-26 

DCP normal mode 4-8,4-9 
alter 4-11 

display format 4-11 
valid input keys 4-11 

display 4-10 
format 4-10 
status register 4-65 
valid input keys 4-11 

loading 4-8 
options 4-8 
summary 4-8 
to load 4-8 

deceleration test 4-40 
decimal conversion C-2 
device address lines 4-49 
device address summary 4oS5 
device exerciser routine 4-86 
diagnostic aids 4-2 
diagnostic control program 

(see also DCP) 4-4, 4-8 
diagnostic overview 4-2 
diagnostic program routines 

async comm adapter 4-57 
BSC 4-62 
diskette 4-55 
parallel I/O 4-63 
serial I/O adapter 4-57 
tape read test 4-50 
tape write 4-40 
5103 printer 4-6 

diagnostic run summary chart 4-5 
diagnostic supervisor program 

(see also DSP) 4-4 
loading 4-27 
summary 4-27 

diagnostic tools 1-2 
diagnostics overview chart 4-3, 4-4 
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diskette 
alignment tool B-2 
data capacity 3-2 
diagnostic routines 4-55 
error codes 4-97 
exerciser routine 4-86 
MOl 4-125 
read test error chart 4-21 
status byte 4-99 

display 2-3, 24, 2-28 
adapter 3-35 
adapter card 3-3 
adapter controls 3-36 
brightness 2-31 
centering rings 2-32 
control panel cable 2-35 
controls 3-8 
correct a ti Ited 2-32 
counters 3-37 
cycle steal control lines 
focus 2-31 
function 4-10 
hex registers 4-65 
keys 3-10 

backspace 3-10 
delete 3-10 
forward space 3-10 
insert 3-10 
scroll down 3-10 
scroll up 3-10 

locations 2-7 
PC board 2-29 
PC board locations 2-27 
PC board socket 2-7 
raster adjustments 2-31 

brightness 2-31 
centering 2-32 
focus 2-31 
horizontal 2-32 
vertical 2-33 

registers 
removal 
theory 

4-65 
2-29 

3-31 
unit ground wire 2-10 
unit I/O lines 3-38 

3-39 

Z3 socket pin assignments 2-34 
display registers switch service check 2-30 
dropping records 4-19 
DSP 4-4, 4-5, 4-27 

earth ground 4-77 
EOT hardware stop test 4-43 
EOT markers 3-33 
erase coils open test 4-45 
error checking, processor 3-17 
error codes 4-94 

APL 4-94 
BASIC 4-94 
CE diagnostic error codes 4-95 
diskette 4-97 
parallel I/O 4-112 
serial I/O 4-107 
tape 4-96 
5103 printer 4-103 

error history table printout (BSCA) 4-70 
error indicators 4-64 
error retry bypass 4-118 
executable ROS 3-18 

addressing 3-19 
external I/O interface port 248 

failure information 4-74 
failure isolation chart 4-75 
fan 2-5 

assembly 2-6 
motor 2-11 
motor shield 2-5 

fan (tape unit) 2-3 
file 

format 3-29 
protect switch 2-21 
protection 3-27 
types 3-31 

flyplate 2-9,3-9 
flyplate replacement 2-39 
foam end seals 2-9 
foam PC board seals 2-9 
focus adjustment 2-31 
format record format 3-30 
forward and reverse select magnets 

adjustment 2-17 
service check 2-17 

freelance aids 4-118 
freelance troubleshooting guide 4-74 
front cover 2-2 
fuse (F1) 2-10 

general logic probe B-1 
get strobe 3-18 
glossary 0-1 
ground bus 4-77 
ground, earth 4-77 

hardware error codes 4-94 
head alignment diagnostic 4-57 
head engage test 4-56 
header record format 3-31 
hex C-l 
hex and decimal conversion C-2 

decimal to hex C-2 
hex to decimal C-3 

hex numbering system C-l 
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I/O cable assembly connector 2-48 
I/O cable driver card 2·5, 3·4, 3·23 
I/O command 4·93 
I/O control information (JOC) 4·92 
I/O data flow control 3·18 
I/O device configurations A·4 
I/O diagnostic 4·4 
I/O diagnostic·O (see tape/diskette read test) 4·16 
I/O interface cable pin assignments 2·46 
I/O interface port 2·11 
IBM data cartridge 3·23 
IBM 5103 printer 

(see also 5103 printer) 3·5 
IBM 5106 auxiliary tape unit 

(see also 5106 auxiliary tape unit) 3·2 
IBM 5110 Computer 

(see also 5110 Computer) 3·2 
IBM 5114 diskette unit 

(see also 5114 diskette unit) 3-5 
in process light 3-45 
initialization 3-43 
input/output control block 3-11 
installation procedures A-3 

5103 printer A-4 
5106 auxiliary tape unit A-5 

cable installation A-6 
completion of installation A-6 
cover cleaning A-6 
dimensions A-6 
heat output/hr. A-6 
operating environment A-6 
power cord specifications A-6 
power on check A-6 
prepower check A-5 
safetYA-6 
specifications A-6 
weight A-6 

5110 computer 
completion of installation A-4 
cover cleaning A-4 
dimensions A-4 
heat output/hr. A-4 
power cord specifications A-4 
power on check A-4 
power requirements A-4 
prepower check A-4 
specifications A-4 
weight A-4 

5114 diskette unit A-4 
insulator 2-9 
interface clear test 4-63 
intermittent 4-119 
intermittent failures 4-74 

AC power grounding checks 4-76 
process check 4-76 
tape 4-76 

intermittent process checks 4-119 
interrupts 3-9,3-16,3-25,3-34,3-43 
INVALID FILE ERROR (APL) 2-18 
10CB (see input/output control block) 
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jackshaft housing 
adjustment 2-15 
assembly location 2-6 
service check 2-15 

jumpers 4-64 

katakana 
feature 3-3 
jumpers 4-64 

key code translation 3-9 
key codes 2-36 
key functions 3-10 
key module 2-9,2-38 

installation 2-38 
removal 2-38 

keyboard 2-36,3-3,3-8 
adapter 3-4, 3-9 
cleaning 2-37 
code translation 3-9 
control panel locations 2-8 
description 3-3 
disassembly 2-37 
error checki ng 3-11 
key codes 2-36 
key module 2-38 
key tops 2-9 
locations 2-9 
operation 3-9 
removal 2-37 
scan code 2-36 
signal cable 2-40 
space bar 2-38 
theory 3-9 
typamatic function 3-10 
Z4 socket pin assignments 2-40 

lamp test 2-30 
LED 3-33 
LED-PTX assembly 

removal 2-23 
replacement 2-23 

left margin timing test 4-49 
lights 3-9 
line cord 2-10 
line filter 2-10 
load command 3-34 
loading I/O diagnostic 4-17 
loading MOl sections 4-32 
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locations 2-2 
AC box 2·10 

AC capacilors 2·10 
AC plug sockets 2·10 
display unit ground wire 2·10 
fuse (F1) 2·10 
J connectors 2·10 
line cord 2·10 
line filter 2·10 

A1 board 2·12 
card jumpers 2-12 

display card 2-12 
covers 2-2 

base 2·2 
front cover 2-2 
top cover 2-2 

display 2-7 
audible alarm 2-1 
display PC board 2-7 
display PC board socket 2-7 

keyboard 2·9 
all keys assembly 2-9 
base plate 2-9 
cable retainer 2-9 
contamination shield 2-9 
flyplate 2·9 
foam end seals 2·9 
foam PC board seals 2-9 
insulator 2-9 
key module 2-9 
key top 2·9 
PC board 2-9 
signal cable 2·9 

keyboard and control panel 2-8 
power supply 2·11, 2-43 

DC power cable 2·11 
fan motor 2·11 
I/O interface port 2·11 
PC board 2·11 

tape unit 2-6 
belt 2-6 
brake arm spring 2-6 
brake arms 2·6 
capacitor 2·6 
cartridge stop 2-6 
fan assembly 2·6 
jackshaft housing assembly 2·6 
locking wheel 2·6 
read/write head 2·7 
select magnet (forward) 2-6 
spindle·select magnet 2·6 
svvitch assembly 2·6 
tape control card 2·6' 
tape internal cable 2·7 
tape lED·PTX assembly 2·6 
tape motor assembly 2·6 
tape unit cable 2'6 

location, (continul!dl 
5106 al,lxil1ary tape unit 2.13 

AC terminal qlock 2·13 
adapt!lr card 2.13 
auxiliary tape unit cover 2·13 
A1board 2-13 
fan 2·13 
1/0 interface port 2·13 
machine serial number and voltage label 2·13 
POWER ON·OFF switch 2-6 
tape control card 2·13 
terminalor 2-13 
terminator ~torage 2.13 

5110 functional units 2·3 
AC box 2-3,2-4 
alp,hameric keyboard 2·3, 2-4 
audible alarm Hi 
A 1 board 2·3,2·5 
A 1 board (control unit) 2-4 
control panel 2·3, 2-4 
cross connectors ' 2.5 
display 2-3, 2·4 
fan 2-5 
fan (tape unit) 2-3 
fail motor shield 2-5 
I/O cilble driver,card 2.5 
numeric keyboard 2-3,2.4 
power supply 2-3,2-4 
power switch 2·5 
ruil switch 2·3,2·4 
step switch 2·3,2·4 
tape 'mit 2'3 

locking wheel 2.6 
locking wheel assembly adjustment 2·19 
loop CMD 0 4·117 
loop on tape or diskette read 4·117 
loop on test 4·17 
loose tape rewind 2·25 
l32~·R32 swit~ service check 2,30 

machine cycles 3·16 
maChine serial number 2-43 
main distribution panel 4·77 
maintenance v 
maintenance information manual Y 

page numpering y 
referencing techniques v 

m!lintenance library 1·2, 1·3 
maintenance library contents 1-5 
maintenan<;e related publications 1-3 
manual tape pOSitioning 2-25 



M~P diagnostic integration (MOl) 4-29 
cisync comm/serial I/O 4-122 
binary synchronous communications adapter 
(BSCA) 4-122 

communications routines 4-126 
display format 4-33 
display replies 4-35 

option 4-35 
trace 4-35 

diskette drive 4-125 
failure isolation charts 4-121 
loading 4-30 
loop on path 4-37' 
loop on step 4-38 
message displays 4-34 
options 4-31,4-36 

loopon 4-37 
mode 4-37 . 

NEXT STEP NO. 4-37 
PATH START NO. 4-37 
PATH STOP NO. 4-37 
until 4-37 

parallel I/O 4-122 
printer 4-121 
step through 4-37 
subsections 4-39 
summary 4-30 
tape read 4-123 
tape write 4-124 

MAP example 1-9 
MAP organization 1-7 
MAPs 1-2,1-6 

action 1-10 
entry points 1-9 
example 1-9 
exit points 1-9 
external exit point 1-10 
instruction 1-10 

1-10 
1-9 

internal exit point 
off-page references 
on-page reference 
organization 1-7 
question 1-10 
reference number 1-10 
step number 1-9 

1-10 

types 1-6 
using 1-8 

mark command 3-33 
MOl 4-29 

(see also MAP diagnostic integration) 
display format 4-33 
failure isolation charts 4-121 
options 4-31 

meter calibration 8-2,2-41 
microinstructions 3-17 
microprogram and data flow example 3-43 
microprogramming 3-4 
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MIM updates 14 
MIMs 1-2 
MLM 1-2 
monitor TV 3-39,4-120 
motor pulley 

adjustment 2-24 
service check 2-24 

neutral bus 4-77 
non current carrying ground 4-77 
numbering systems C-1, v 
numeric keyboard 2-3, 24 

op code E tag 3-18 
op code test 4-18 
overview (5110) 3-6 

parallel I/O 2-55 
adapter 3-3 
diagnostic routines 4-63 
error codes 4-112 
wrap connector 2-55 
Y3 socket and wrap connector pin 
assignments 2-55 

PC board 2-9,2-11 
PC board mounting screws 243 
PCs 1-2 
peak shift-head azimuth test 442 
peak shift test - track 0 444 
peak shift test - track 1 4-43 
physical beginning and end of tape 
positioning and rewind 2-25 
power 241 

A 1 board card socket pins 2-47 
CE meter calibration check 241 
considerations 4-77 
distribution (AC) 245 
distribution (DC) 246, 342 
grounding checks 4-76 
reference voltage 342 
switch 2-5 
terms 4-77 
theory 3-42 
Y1 socket pin assignments 244 

power on procedure 343 
power supply 2-3, 24 

locations 2-11 
PCboard 342 
protection 3-42 
removal and replacement 242 

power switch 2-5 
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print emitter error timing 4-106 
print plot 4-72 

APL forms movement exerciser 
program 4-71 
BASIC exerciser program 4-71 
error chart 4-72 
process check 4-76 
process check light 3-9 

print plot forms movement exerciser 
programs 4-71 

printer adapter card 2-13 
printer exerciser routine 4-85 
printer status bytes 4-67 
process checks 3-17 
processor 3-3, 3-15 

data flow 3-14 
error checking 3-17 
interrupts 3-16 
organization 3-15 
program levels 3-16 

processor to microprocessor transfer failures 
program levels 3-16 
programming languages 3-2 
PTX 3-33 
put strobe 3-18 

R/W storage test-3 4-22 
read data register (RDR) 3-15 
read/write 

bus 3-15 
head 2-6, 2-23 

cleaning 2-23 
errors 4-119 
removal 2-23 
replacement 2-23 

storage 3-7,3-19 
addressing 3-20,4-66 
configurations 3-19 
cycle stealing 3-20 
error checking 3-23 
I/O lines (display adapter) 3-46 
size 4-66 

storage I/O lines (display adapter) 3-23 
storage size 4-66 

records, tape 
data record 3-32 
format 3-30 
header 3-31 
record type 3-32 

reference voltage 3-42 
removals 

display 2-29 
key module 2-38 
keyboard 2-37 
LED-PTX assembly 2-23 
read/write head 2-23 

/ rescue breathing vii 
reset F test 4-63 

4-112 

restart switch service check 2-30 
reverse display switch service check 2-30 
rewind 2-25 
ring magnets 2-34 
ripple write or print 4-90 
ROS 3-18 

common and language 3-19 
content 4-111 
CRC test-4 4-23 
executable 3-18 

routines (diagnostic program) 4-4 
run switch 2-3,2-4,4-68 

safety vii 
SAR 3-20 
save command 3-34 
select magnets 2-6 
select subdevice test 4-45 
sense test 4-42 
serial I/O adapter 3-3 

diagnostic routines 4-57 
error codes 4-107 
wrap connector 2-51 

serial I/O error codes 4-107 
service aids 4-64 
service checks 

brightness control 2-30 
cartridge stops 2-20 
display registers 2-30 
forward and reverse select magnets 
jackshaft housing 2-15 
L32-64-R32 switch 2-30 
motor pulley 2-24 
restart switch 2-30 
reverse display switch 2-30 
tape switch assembly 2-21 

signal cable 2-9 
space bar 2-38 

installation 2-38 
removal 2-38 

spindle-select arm assembly 
status byte bit descriptions 
status bytes 4-67 

bit descriptions 4-69 
diskette 4-69 
pri nter 4-69 
tape 4-69 

diskette 4-68 
printer 4-67 
tape 4-67 

step switch 2-3,2-4,4-64 
storage 3-3 

common and language ROS 
addressing 3-19 
cards 3-19 
error checking 3-23 

executable ROS 3-18 

2-6 
4-69 

3-19 

2-17 
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sto~age (continued) 
executable ROS (continued) 

addressing 3·19 
card 3-18 
routines 3-18 
read/write bus 3·23 

storage address register (see also SAR) 3·25 
Subclevice address ,4.-80 
Subdellice test 4·50 
Switch assembly (tape unit) 2·6 
switches 3-8 . 

BASIC-APL 2·30,3;8 
brightness 3·8 
cartridge In place 2-21 
CE 4·64 
dispiayregisterS 2-30, 3-9 
fileprotect 2·21. 
L32-64~R32 2·30,3·$ 
power on-off 3~8 

restart 2-30, 3~9 
reverse display 2·30,3:8 
run 4·64 
step 4·64 

symmetry test 4-43, 4·44 
system components 3·2 
svstem function test overview 4-81 
syStem test 4·83 

tape 2-15, 3·24, 4·76 
adapter 3·4,3'24,3·25 
addresses 3·12 
BOT markers 3·36 
cartridge 3-27 
cartridgtistop gauge ~·2 
cOmmands 3·33 
control card 2-6 
control card pin assignments 2·27 
control lil1e83·25 . 
data aM clocks" 3·28 
data cartridge capacity 3·27 
data flow 3·25 
EOT markers 3·33 
entlr checking (CRe) .3·34 

read CRe errOrs 3·34. 
write CAe errors 3·34 

error codes 4·96 
file format 3·29 
file reCover 4·117 
files 3;2S1 
flux transitions 3·28 
.internal cable 2·6 
interrupn 3·25,3'34 
LI:D·PTX assembly' 2·6 
load. command 3·33 
mark 4-118 
mark commaM3·33 
mark procet:ute 2·18. 

x-a 

t.lSirig APL ' 2·1$ 
using BAS'C2·18 

- ___ I 

tape (continued) 
motion 3-34 
motor assembly 2-6 
operations 3·33 

backspace 3·34 
mark 3·33 
read 3-34. 
rewind . 3-34 
search 3-33 
write 3·34 

physical beginning and end of tape 3·33 
position markers 3-33 
positioning 2-21 
read clock signal 3-28 
read data signal 3.·28 
rethreading . 2:26 
rewind 2-25 
salie command 3·33 
status' 3·34 
status byte 4·67 
steps 2·25 
switch assembly adjustment 2·21 
switch assembly service check 2·21 
theory 3·24 
tracks 3·29 
writing and formatting 3·28 
Z2sotket pin ;lssignments2·28 

t"pe adapter i/o lines 3·20 
tape and diskette resident programs 4-25 
tape cartridge storage capacity 3·2 
tCi!pe/diskette read format 4·24 
tape/diskette'read test 4·15 

display messages ·4.18 
loading 4·16 
loop on error code 4-18 
rerun test 4·17 
retry test . 4·11 

tape/diskette write format 4·26 
tape drive components 3·25 
tape exerciser routlnl! .' .4-86 

. tape mark procedure 2·16 
internal tape unit 2·16 

APL 2·16 
BASIC 2-16 

5106 auxiliary tape unit 2·11 
APL 2·17 
BASIC 2·17 

tllPe/print exerciser 4·8B 
tilpe read tellt 4·15 

dillgnostic routines 4·50 
display me!isages 4-18 
error charts 4.19 
sxerciser routine 4·86 
loading 4·1'6 
IClop on 4-117· 
loop on error code 4.18 
reruntellt4·17 
retry test + 17 

tape unit 2.3, 3·24 
tape unit cable 2·6 
tape writs di;l!lnoSticroutines 4·40 
TDAT 4:13 
teleprocessing diagnosi:ic analyzer tester 4·73 
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terminator 2-15 
timer hardware failure 4-112 
tools and test equipment 8-1 
top cover 2-2 
transceive test 4-63 
TV monitor 3-39,4-120 
TV monitor ground 4-120 
TV monitor socket 2-43 
typamatic function 3-52 
types of diskettes 3-5 
types of MAPs 1-6 

using the MAPs 1-8 

voltage specifications (DC) 2-46 

wrap test 4-63 
write read test 4-42 
write/read test 4-56 

X-connectors 2-5 

yoke 2-32 
Y1 socket pin assignments 2-44 

Z1 socket pin assignments 
Z2 socket pin assignments 
Z4 socket pin assignments 

5103 printer 
capabilities 3-5 
diagnostic routines 4-46 
error codes 4-103 

2-50 
2-28 
2-40 

ground locations 4-77 
installations procedures A-3 
reference numbers 2-58 
status bytes 4-67 

5106 auxiliary tape unit 
AC voltage distribution 2-53 
A 1 board 2-13 
A 1 board socket list 2-52 
cable installation A-6 
completion of installation A-6 
cover cleaning A-6 
diagnostic programs and MAPs 3-5 
diagnostic routines 4-50 
dimensions A-6 
error codes 3-5 
error detection and F RU isolation 3-5 
ground locations 4-77 
heat output/hr. A-6 
I/O interface connector 2-52 
installation procedures A-6 
locations 2-13 
operating environment A-6 
power cord specifications A-6 
power requirements A-6 
prepower check A-6 
safety A-6 
tape operations 3-5 
weight A-6 

5110 computer 
applications 3-2 
cover cleaning A-3 
data flow 3-8 
dimensions A-3 
features 3-5 
functional units 2-3, 2-5, 3-2 
functional units (without tape unit) 2-4 
ground locations 4-77 
heat output/hr A-3 
installation procedures A-3 
maintenance library 1-2 
models 3-2 
optional features 3-2 
power cord specifications A-3 
power on check A-3 
power requirements A-3 
prepower check A-3 
service tips 4-117 
symptom index 4-114 
system publications 1-3 
weight A-3 

5110 system function test 4-80 
5114 diskette unit 

capabilities 3-5 
error codes 4-97 
ground locations 4-77 
installation procedures A-3 
reference numbers 2-59 
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READER'S COMMENT FORM 

Please use this form only to identify publication errors or request changes to publications. Technical questions about IBM systems, changes in I BM programming 
support, requests for additional publications, etc, should be directed to your I BM representative or to the I BM branch office nearest your location. 

Error in publication (typographical, illustration, and so on). No reply. 

Page Number Error 

IBM may use and distribute any of the information you supply in any way 
it believes appropriate without incurring any obligation whatever. You may, 
of course, continue to use the information you supply. 

• No postage necessary if mailed in the U.S.A. 

Inaccurate or misleading information in this publication. Please tell us 
about it by using this postage-paid form. We will correct or clarify the 
publication, or tell you why a change is not being made, provided you 
include your name and address. 

Page Number Comment 

Name 

Address 
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