- =
E .

iy e

S e el A SR e WS

‘iR e N AR S M B BE .




Apple Service
Technical Procedures
Macintosh Family

Volume Two

PN: 072-0228

Copyright 1982-1889 by Apple Computer Inc. May, 1990






& Apple Technical Procedures

Macintosh Family

Volume Two

Table of Contents

--Title page (contains build date) -

Macintosh LC/LC i --Table of Contents 03/92
--Basics 03/92
--Take-Apart 03/92
--Diagnostics 03/92
--Troubleshooting 03/92
--Additional Procedures 03/92
--Illustrated Parts List 03/92

Macintosh lisi --Table of Contents 01/91
--Basics 10/90

(except page 1.6) 02/91
--Take-Apart 10/90
(except pages 2.10, 2.11) 05/91
(except page 2.13) 01/92
--Diagnostics 01/91
--Troubleshooting 10/90
(except page 4.20) 06/91
(except pages 4.1-4.19) 01/91
(except page 4.22) 08/91
--Additional Procedures 10/90
(except page 5.6) 08/91
--Illustrated Parts List 10/90
(except page IPL.4) 10/91
(except page IPL.3) 01/92

Macintosh IWix/Itfx --Table of Contents 11/91

--Basics 03/90
(except page 1.2) 08/90
(except pages 1.4, 1.6, 1.21, 1.22) 03/92

--Take-Apart 03/90
(except page 2.21) 05/90
(except pages 2.8, 2.12-2.23) 05/91
(except pages 2.1, 2.9-2.11) 08/91
(except page 2.7) 01/92

Macintosh Family—Volume Two Mar 1992 Main TOC / 1



Macintosh licx/lici/
Quadra 700

Macintosh
Quadra 900

2/ Main TOC

--Diagnostics
(except page 3.1)
--Troubleshooting
(except pages 4.29, 4.30)
(except pages 4.1, 4.7-4.12,
4.17, 4.19, 4.24, 4.26, 4.28
(except pages 4.3, 4.6, 4.34)
--Additional Procedures
(except pages 5.1, 5.12, 5.14, 5.16, 5.17)
(except page 5.13)
(except pages 5.11, 5.17, IPL.3)
(except page 5.10)
--Illustrated Parts List
(except pages IPL.8, IPL.9)
(except page 1PL.2)
(except pages IPL.5, IPL.7, TIPL.12)
(except pages IPL.1, IPL.13)
(except pages IPL.1, IPL.3)

--Table of Contents
--Basics
(except page 1.11)
(except pages 1.12, 1.14, 1.16)
--Take-Apart
(except pages 2.21, 2.22)
(except pages 2.14, 2.17)
--Diagnostics
--Troubleshooting
(except page 4.8)
--Additional Procedures
(except pages 5.10-5.13)
(except pages 5.6-5.8)
--Illustrated Parts List
(except page IPL.11)
(except page IPL.13)
(except pages IPL.2-IPL.7)

--Table of Contents
--Basics
(except pages 1.2-1.7, 1.12-1.16,
1.18, 1.26, 1.27)
--Take-Apart
(except pages 2.10, 2.1D
(except page 2.9)
--Diagnostics
--Troubleshooting
(except pages 4.1, 4.5)
--Additional Procedures
(except pages 5.3, 5.4)

05/90
04/91
05/90
06/91
01/91

03/92
03/90
05/90
07/90
03/91
03/92
03/90
04/90
05/91
08/91
11/91
03/92

10/91
10/91
01/92
03/92
10/91
12/91
01/92
10/91
10/91
03/92
10/91
01/92
03/92
10/91
11/91
01/92
03/92

12/91
10/91
12/91

10/91
12/91
01/92
10/91
10/91
12/91
10/91
12/91

Mar 1992 Macintosh Family—Volume Two



Macintosh Multiple
Product Diagnostics

Macintosh Family—Volume Two

--Illustrated Parts List
(except page IPL.6)
(except pages IPL.2-IPL.5)

--Table of Contents
--MacTest MP

(except page 1.10)
--Illustrated Parts List

Mar 1992

10/91
01/92
03/92

03/92
11/91
01/92
03/92

MainTOC/3












& Apple Technical Procedures

Macintosh LCand LC i

Technical Procedures

0 TABLE OF CONTENTS

Section 1 - 1.2 Product Descriptions

Basics 1.2 Macintosh LC Features
1.2 Macintosh LC Configurations
1.3 Macintosh LC II Features
1.3 Macintosh LC II Configurations

1.4 Module Identification
1.6 Connector Identification

1.6 Back Panel

1.6 Internal Connectors

1.7 Macintosh LC and LC II System Features
1.7 Logic Board

1.10 Apple 1.4 MB SuperDrive

1.11  Specifications
1.14 Theory of Operation

1.14 Introduction

1.14 System Startup

1.15 Logic Board

1.18 Input/Output Interfaces

1.23 Power Supply
Section 2 - 2.2 Electrostatic Discharge Prevention
Take-Apart 2.3 Top Case

2.5 Hard Drive

2.7 Fan/Speaker Assembly (Macintosh LC Only)
2.8 Fan (Macintosh LC II Only)

29 Speaker (Macintosh LC II Only)

2.10  Floppy Drive (Macintosh LC Only)

2.11  Floppy Drive (Macintosh LC II Only)

2.12  Power Supply

2.14 Main Logic Board

Section 3 ~ Refer to the MacTest MP section of the Macintosh
Diagnostics Multiple-Product Diagnostics tab.

Macintosh LC and LC I rev. Mar 92 Contents / i



Section 4 -
Troubleshooting

Section 5 -
Additional Procedures

ii / Contents

4.2
4.2
4.2
4.2

43
43
4.5
4.5
4.5
4.6
4.6
4.6
4.6
4.8
4.8
4.9
4.9
4.10
4.11
4.13
4.14
4.16
4.18
4.19
4.20
4.22
422
4.22
4.23
4.23
4.23

5.2
5.2
5.5
5.5
5.5
5.7
5.7
5.7
5.7
5.8
5.8
5.8
5.9
5.9
5.9

Introduction
General Information
Before You Start
Error Chords
How to Use the Troubleshooting Flowcharts
Things to Remember
Module Exchange Information
Logic Board Configuration
Internal SCSI Hard Drive
Startup and Error Chords
Introduction
Startup Chord
Error Chords
Symptom Chart
Built-in Video Problems
Floppy Drive Problems
SCSI Problems
Peripheral Problems
Miscellaneous Problems
Troubleshooting Flowcharts
Flowchart 1 Notes (LC or LC ID
Flowchart 2 Notes (LC Only)
Flowchart 3 Notes (LC or LC ID
Flowchart 4 Notes (LC Only)
Flowchart 5 Notes (LC Only)
DRAM SIMM Verification
Introduction
Verification Procedure
Battery Verification
Introduction
Verification Procedure

Battery Replacement
Introduction
Materials Required
Remove
Replace

Logic Board RAM Identification and Upgrades
Introduction
Identification
Upgrades

Video RAM (VRAM) Upgrade
Introduction
Upgrades

Macintosh LC II Upgrade
Introduction
Upgrade Procedure

rev. Mar 92 Macintosh LC and LC I




lllustrated IPL.3  Macintosh LC and LC II — System Exploded View
Parts List (Figure 1)

©Apple Computer, Inc., 1990, 1991, and 1992. No portion of this document may be reproduced
in any form without the written permission of Apple Computer, Inc.

Macintosh, A/UX, AppleTalk, MultiFinder, Apple, and the Apple logo are registered trademarks
of Apple Computer, Inc.

Apple Desktop Bus, SuperDrive, AppleColor, QuickDraw, MacTest, and Finder are trademarks of
Apple Computer, Inc.

UNIX is a registered trademark of UNIX System Laboratories, Inc.

NuBus is a trademark of Texas Instruments.

MS-DOS is a registered trademark of Microsoft Corporation.

Macintosh LC and LC Il rev. Mar 92 Contents / iii






& Apple Technical Procedures

Macintosh LC and LC I

Section 1 — Basics

0 CONTENTS
1.2 Product Descriptions
1.2 Macintosh LC Features
1.2 Macintosh LC Configurations
1.3 Macintosh LC II Features
1.3 Macintosh LC II Configurations

1.4 Module Identification
1.6 Connector Identification

1.6 Back Panel

1.6 Internal Connectors

1.7 Macintosh LC and LC II System Features
1.7 Logic Board

1.10 Apple 1.4 MB SuperDrive

1.11  Specifications
1.14  Theory of Operation

1.14 Introduction

1.14 System Startup

1.15 Logic Board

1.18 Input/Output Interfaces
1.23 Power Supply

Macintosh LC and LC I Mar 92 Basics / 1.1



0 PRODUCT DESCRIPTIONS

Macintosh LC Features

Macintosh LC
Configurations

Enhancements

1.2/ Basics

The Macintosh® LC and LC II are low-cost Macintosh
computers that offer many of the high-performance,
open-architecture characteristics of earlier Macintosh
computers.

The Macintosh LC includes the following features:

68020 microprocessor

16 MHz clock frequency

512K of ROM

2 MB RAM, upgradeable to 10 MB

Eight-bit built-in video support

256K video RAM, upgradeable to 512K

Sound input and output capabilities

e A 96-pin processor-direct slot (PDS) for system
expansion

The Macintosh LC comes in three configurations:

e 2 MB of RAM, one Apple® 1.4 MB SuperDrive™,
and one 40 MB SCSI hard drive

e 2 MB of RAM, one Apple 1.4 MB SuperDrive, and
one 80 MB SCSI hard drive

e 2 MB of RAM and two Apple 1.4 MB SuperDrives

In addition to the standard features of the Macintosh

LC, you can add the following enhancements:

e Up to seven external SCSI devices (up to six
external devices for systems with an internal SCSI
drive)

e 2, 4, or 8 MB of expansion RAM on SIMM boards

e 512K video RAM SIMM (replaces 256K video RAM
SIMM)

Mar 92 Macintosh LC and LC I




Macintosh LC Il Features = The Macintosh LC II includes the following features:

e 68030 microprocessor

e 16 MHz clock frequency

e 512K of ROM

e 4 MB RAM, upgradeable to 10 MB

e Eight-bit built-in video support

e 256K video RAM, upgradeable to 512K

e Sound input and output capabilities

e A 96-pin processor-direct slot (PDS) for system
expansion

Macintosh LC i The Macintosh LC II comes in two configurations:
Configurations
e 4 MB of RAM, one Apple 1.4 MB SuperDrive, and
one 40 MB SCSI hard drive

e 4 MB of RAM, one Apple 1.4 MB SuperDrive, and
one 80 MB SCSI hard drive

Enhancements The following enhancements can be added:

e Up to seven external SCSI devices (up to six
external devices for systems with an internal SCSI
drive)

e 6,8, or 10 MB of expansion RAM on SIMM boards
(however, the maximum usable RAM on a Macintosh
LC II is 10 MB)

¢ 512K video RAM SIMM (replaces 256K video RAM
SIMM)

Macintosh LC and LC Il Mar 92 Basics/ 1.3



0 MODULE IDENTIFICATION

The Macintosh LC and LC II include the modules and
replacement parts in Figure 1-1.

- N
LC
Power Supply
1.4 MB
Fan/Speaker SuperDrive
Assembly
Optional .
§o5| Optional
Hard 1.4 MB
Drive  SuperDrive
1.4 MB
SuperDrive
Bottom Case )

Figure 1-1 Modules and Replacement Parts
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, & )
Power Power Video Serial Ports SCSi ADB Sound- Sound Expansion
Switch Connector Connector 1and 2 Connector Port  Out Input Slot
Port Port  Access
Panel
Figure 1-2 Back Panel
LC VRAM SIMM
L.~ Connector
| DRAM SIMM
Connectors
96-Pin
Expansion
Connector | Power
Supply
Connector
Second
Floppy Drive __|
Connector
| Floppy Drive
SCSI Corgnector
Power
Connector Scsl Battery Fan/Speaker
Connector  Connector Connector
inlim] il [
I l VRAM SIMM
LCII |_|| , I I ! l_’ j/ Connector
o
] - DRAM SIMM
. Connectors
96-Pin
Expansion
Connector L Power
Supply
Connector
{ L \
Floppy Drive
I%P H—
SCS|_+ T Connector
Power 1
Connector SCS! Battery Speaker  Fan
Connector Connector Connector Connector
Figure 1-3 Internal Connectors
Basics /1.5
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0 CONNECTOR IDENTIFICATION

Back
Panel

Internal Connectors

Macintosh LC

Macintosh LC Il

1.6/ Basics

Figure 1-2, The Macintosh LC and LC II have the same
built-in ports and connectors on their back panels.

e Power switch
AC power connector
e Video connector
e Serial port 1
e Serial port 2
e SCSI connector
e Apple Desktop Bus™ port
e Sound-out port
¢ Sound input port
¢ Expansion slot access panel

Figure 1-3. The internal connectors on the Macintosh
LC and LC II logic boards differ slightly.

The Macintosh LC internal connectors include:

e Video RAM SIMM connector

e Two DRAM SIMM connectors

e Power supply connector

e Internal 1.4 MB SuperDrive connector

e Fan/speaker connector

e Battery connector

e Internal SCSI hard drive connector

e Power connector for internal SCSI hard drive

e Second internal 1.4 MB SuperDrive connector

e 96-pin processor-direct slot (PDS) expansion
connector

The Macintosh LC 1I internal connectors include:

Video RAM SIMM connector

Two DRAM SIMM connectors

Power supply connector

Internal 1.4 MB SuperDrive connector

e Fan connector

e Speaker connector

e Battery connector

e Internal SCSI hard drive connector

e Power connector for internal SCSI hard drive
e 96-pin processor-direct slot (PDS) expansion
connector

Mar 92 Macintosh LC and LC i




0 MACINTOSH LC and LC Il SYSTEM FEATURES

Logic Board

Macintosh LC and LC Ii

The Macintosh LC and LC II logic boards include the
following components: '

e MC68020 (LC) or MC68030 (LC II) microprocessor
running at 16 MHz
512K of ROM

e Built-in video chip (with optional VRAM)

e Serial communications controller (SCC) chip

e ADB microcontroller chip
SWIM disk controller chip

Figure 1-4. The Macintosh LC uses the Motorola 68020
microprocessor. The Macintosh LC II uses the Motorola
68030 microprocessor. These high-performance
microprocessors run at 16 MHz and support both 24-
and 32-bit processing modes. You can also enhance the
performance of the 68020 microprocessor by taking
advantage of separate video RAM, which eliminates
system delay for video updates.

The Macintosh LC and LC 1I logic boards include four
32-pin ROM chips. The ROM includes code that
supports the built-in video and 32-bit QuickDraw™,
The code also supports future upgrades to the Macintosh
operating system.

The built-in video chip controls all system timing, video
generation, memory mapping, sound, and clock
generation. The system can have 0, 256K, or 512K of
Video RAM (VRAM), which is installed in a 68-pin
SIMM socket. This SIMM socket uses the same pinouts
as the VRAM expansion sockets on the Macintosh
Display Card 8e24.

When VRAM is installed (256K or 512K SIMM), video
data refreshes from the VRAM, leaving all cycles
available to the CPU. When VRAM is not installed, the
chip refreshes video from main memory. Video data
passes from the CLUT (color lookup table) to the DB-15
video port.
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1.8/ Basics

The serial communications controller (SCC), an 8-MHz
AMD 85C80 chip, is also known as the combo chip
because it combines the functions of the SCC and the
SCSI controller into a single device. The SCC portion
of the chip controls the two RS-422 serial ports that
connect the Macintosh LC and LC II to networks,
printers, and modems. The SCSI (small computer system
interface) controller portion of the combo chip controls
the high-speed parallel port that connects as many as
seven external SCSI devices. The SCSI circuit includes
the 50-pin internal connector on the logic board and the
DB-25 external connector.

68020 (LC) ADB SCC Video
68030 (LC Il)  Microcontroller Chip Chip
Microprocessor Chip

imnl

System
DRAM

System ROM Built-In Video Chip SWIM Chip
Figure 1-4 Logic Board

The ADB 68HC05 microcontroller chip performs
keyboard scanning and ADB (Apple desktop bus)
interface functions, and stores 256 bytes of parameter
RAM (PRAM). The ADB chip also supplies control
signals to the DFAC (Digital Filter Audio Chip) analog
sound chip. When system power is off, the 68HCO05
receives power from the backup battery and operates as
the real-time clock.

The SWIM disk controller chip enables the 1.4 MB
Apple SuperDrive to read and write GCR (group-coded
recording) and MFM (modified frequency modulation)
data formats. Refer to the following section, “Apple 1.4
MB SuperDrive,” for more information.

Mar 92 Macintosh LC and LC 1l




(s e A

1.4 MB SuperDrive

SONYp 2M

MODEL MP-FXXX-XXG
Made in Japan
4-873-458-01

Microswitches

\— J\ J
Figure 1-5 Identifying the Apple 1.4 MB SuperDrive

MEDIA FORMAT

DRIVE| MEDIA 200K 800K | 720K | 1.4MB

(GCR) (GCR) (MFM) | (MFM)
800K | Single-Sided R/W/F NR X X
800K | Double-Sided R/W/F R/W/F X X
800K | High-Density NR NR X X
1.4 MB | Single-Sided R/W/F NR X X
1.4 MB | Double-Sided R/W/F R/W/F R/W/F X
1.4 MB | High-Density X X X R/W/F

NR = Not Recommended

R =Read

W = Write

F = Format

X = NotAllowed

Figure 1-6 Drive/Media Compatibility Matrix

Macintosh LC and LC Il Mar 92 Basics /1.9



Apple 1.4 MB
SuperDrive

Identification

Drive/Media
Compatibility

1.10 / Basics

The Apple 1.4 MB SuperDrive is a high-density 3.5-inch
floppy drive. In addition to high-capacity data storage,
the SuperDrive provides data exchangeability between
Apple (GCR data format) and MS-DOS (MFM data
format) systems. The Apple SuperDrive is also
backward-compatible with the 800K disk format.

Figure 1-5A. The Macintosh LC and LC II support 800K
drives and the Apple 1.4 MB SuperDrive, but ship with
SuperDrives only. To differentiate between 800K and
1.4 MB drives, remove the top case and locate the
microswitches at the front of the drive. The Apple 1.4
MB SuperDrive has three microswitches; the 800K
drive has only two microswitches.

Figure 1-5B. You can also identify an Apple SuperDrive
by removing it from the computer and checking the
manufacturer's label on the bottom of the drive: all
high-density drives have 2MB on the label.

Figure 1-6. Special 1.4 MB data disks take full
advantage of the increased data storage capacity of the
Apple 1.4 MB SuperDrive. Apple does not recommend
using 1.4 MB media in 800K disk drives, however. Data
saved to high-density media using 800K drives is
unreliable and could be lost.

CAUTION: High-density media (1.4 MB) are more
susceptible to problems than are low-density media
(400K/800K). To avoid media problems, use only known-
_good media or high-density media bearing the Apple label.

The 800K drives can read, write, and format single- and
double-sided media. The Apple SuperDrive can read,
write, and format single-sided (400K), double-sided
(800K), and high-density media. In addition, the
SuperDrive can read, write, and format 720K and 1.4 MB
double-sided MFM-format media.

Note: To help understand drive and media format
compatibility, think in terms of the drive/media of
lowest capacity. If your Macintosh LC system has an
internal 800K drive and an Apple SuperDrive, you must
always use 800K media (the drive and media of lowest
capacity) to ensure media compatibility between the two
drives.
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0 SPECIFICATIONS

Processor Macintosh LC: MC68020 processor: 32-bit architecture
with 256-byte instruction caches

Macintosh LC II: MC68030 processor: 32-bit
architecture with 256-byte data and instruction
caches supporting burst reads

Clock Frequency 16 MHz

Addressing 32-bit internal registers
16-bit address bus

Coprocessor None

Memory 512K on a ROM SIMM
256 bytes of parameter memory
256K of video RAM, expandable to 512K
Macintosh LC: 2 MB RAM, expandable to 10 MB
Macintosh LC 1I: 4 MB RAM, expandable to 10 MB

Slot Expansion 96-pin processor-direct slot (PDS)

Sound System Built-in speaker
External stereo headphone jack that plays in mono
Subset of Apple sound chip that enables sound
recording, playback, and playthrough (mixing)

Disk Drives Internal SCSI hard drive (optional on Macintosh LC)
Up to seven external SCSI drives (if no internal
SCSI drive is installed)
Internal Apple 1.4 MB SuperDrive
Macintosh LC: Optional second Apple 1.4 MB
SuperDrive

SCSI Port One external SCSI port (DB-25)
One internal 50-pin SCSI connector

Macintosh LC and LC Il Mar 92 Basics/ 1.11



Serial Ports

Video Display

Keyboard

Mouse

Input Power

Output Power

Clock/Calendar

Operating Temperature

Storage Temperature

Relative Humidity

Altitude

1.12 / Basics

Two RS-422/RS-232/AppleTalk® serial ports
(mini DIN-8)

Built-in video with external video port supports:
Macintosh 12-Inch RGB Display at 8 bits/pixel with
256K VRAM (or 16 bits/pixel with 512K VRAM);
Apple High-Resolution Monochrome Monitor,
AppleColor™ High-Resolution RGB Monitor, and
Macintosh 12-Inch Monochrome Display at 4
bits/pixel with 256K VRAM or 8 bits/pixel with
512K VRAM

Apple Keyboard, Apple Keyboard II, or Apple Extended
Keyboard II connected through Apple Desktop Bus
ports (Mini DIN-4)

Apple Desktop Bus mouse (Mini DIN-4)

100 to 240 volts AC RMS automatically configured
50-60 Hz single-phase
130 watts maximum

DC power: 30 watts maximum

CMOS custom chip with long-life lithium battery

10° C to 40° C (50° F to 104° F)

-40° C to 47° C (-40° F to 116.6° F)

5% to 95% (noncondensing)

0 to 3048 m (0 to 10,000 ft)

Mar 92 Macintosh LC and LC I




68020 (LC)
68030 (LC Ih)

Main ROM
16 MHz 2 SIMMs for
RAM Expansion
(A21:A2) 128Kx8
ROM VRAM
(D31:D0) {Four 1Mbit
parts) 2 MB DRAM (LC)
4 MB DRAM (LC 1)
Soldered on PCB
Video
Connector
(D31:D16) RAM Data Bus (16) (DB-15)
2x74L.S245
(A31,
A23:A0)
Addr
P
' Filter '
. ! ! Fixed-Gain
Data Built-In
Video : \ : Speaker Amp
Chip 1 [} Internal
1+ DFAC Headphone Speaker
[ .
Serial ' 1 Mic Input
| intertace ! | ap | Ampacs .___@
to 85C80 ' Fe'tef ]
ipupupepnypupupny Rpspupy
(A2:A1) )
SCC 26LS30 (Sﬁylgitl;ﬂtsl?
. ini- Z
(D31:D24)
85C80 26LS30 Serial PortB
Combo (Mini-DIN 8) GO
5-Wire Chip -
Bus 261832
External SCSI
Connector (DB-25)
(AB:A4) SCs o QL)
-pin
D sl
ADB
68HCO5 Connector Contre ADB Port
Battery Micro- (Mini-DIN 4)
controller
1 “ch (@)
Internal )
Reset «¢ Fioppy Port_(le(ZO-pln) L.‘ —
(rze) Nw4——— [ B
(D31:D24) Chip ' E N ERERREEEE an
N T T ——TIIIT u
7 External ADB Keyboard
. (2nd Internal
_Pi i loppy Port (20-pin
96-Pin Expansion Connector PP{ C only) pin) Mouse

Figure 1-7 Macintosh LC and LC Il Block Diagram

Macintosh LC and LC i
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0 THEORY OF OPERATION

Introduction

System
Startup

1.14 / Basics

The Macintosh LC and LC II computers have three basic
modules: the logic board, the power supply, and the disk
drive(s). The Macintosh LC can have one or two internal
floppy drives; the Macintosh LC II supports only one
internal floppy drive. Both computers can have one
internal SCSI hard disk drive and up to six external SCSI
devices (drives, scanners, etc.).

The information in this section will assist you in
performing logical troubleshooting on the LC and LC 1I
computers. Figure 1-7 shows a block diagram of the
Macintosh LC and LC II computers.

When you switch on the computer, the system begins a
carefully synchronized sequence of events. First the
system software performs a memory test to determine
how much RAM is present and whether the RAM is
good.

The system then compiles separate 24-bit and 32-bit
memory maps describing the current memory
configuration. The 24-bit memory map allows existing
Macintosh software to use a 24-bit address mode; the
32-bit memory map enables new software to use the full
32-bit address space.

The memory management unit (MMU) is then
programmed, based on the 24- and 32-bit memory maps,
to provide contiguous logical memory from the
potentially noncontiguous physical segments in bank A
(bank B is empty) and the RAM SIMM expansion slots.

At this point the disk startup process begins. The
system looks for a readable disk in the available disk
drives in the following order:

1. Internal floppy disk drive(s)

2. Startup device set in the control panel

3. SCSI devices in declining order of device ID (from
6 to 0)

Mar 92 Macintosh LC and LC Il




Logic Board

Microprocessor

DRAM

Macintosh LC and LC |l

Note: If the battery is removed or the contents of the
parameter RAM are destroyed, the setup device defaults
to the device with ID=0.

The system then finds a readable disk, reads the disk,
and completes the system startup process.

The logic board is the module that processes all
information. Below is a list of the major components of
the Macintosh LC and LC II logic boards and the
functions they perform.

By using the block diagram in Figure 1-7 as you read
through the various sections, you will get a clearer
understanding of how the logic boards work.

Macintosh LC: contains a Motorola 68020
microprocessor running at 16 MHz. The MC68020 is a
true 32-bit processor but also supports 24- and 16-bit
processing modes. When running in the 24-bit
addressing mode, the Macintosh LC is compatible with
the majority of existing Macintosh applications.

Macintosh LC II: contains a Motorola 68030
microprocessor running at 16 MHz. The MC68030 is a
true 32-bit processor but also supports 24- and 16-bit
processing modes. When running in the 24-bit
addressing mode, the Macintosh LC II is compatible
with the majority of existing Macintosh applications.

The random-access memory (RAM) interface on the logic
board supports up to 10 MB of DRAM. The first 10
megabytes of space available in main memory are
reserved for RAM.

On the Macintosh LC, the first two megabytes of DRAM
are soldered onto the logic board in bank A. The
Macintosh LC II ships with 4 MB of DRAM soldered
onto the logic board.

Mar 92 Basics/ 1.15



Two single in-line memory module (SIMM) sockets
provide memory expansion on the Macintosh LC and LC
II. These expansion RAM sockets can be empty or can
contain two SIMMs of the same density (two 1 MB
SIMMs, for instance).

RAM bank A and the two SIMM sockets do not occupy
contiguous address space, as they do on most previous
Macintosh products. The 68020 on-chip MMU joins the
noncontiguous blocks of physical memory to contiguous
logical memory for application software.

VRAM If the VRAM (video RAM) SIMM does not contain VRAM
(the SIMM contains two transparent latches only), then
on-board video operates out of main memory. Video
data resides in a video frame buffer that is in the
topmost megabyte of soldered RAM, thereby allowing
the video address to be independent of memory size.

If VRAM (256K or 512K) is installed on the VRAM
SIMM, the video frame buffer is in the VRAM, and
video accesses do not affect memory access. Video data
can be fetched from VRAM without interrupting CPU
access to main memory or to I/O devices.

ROM The Macintosh LC and LC II contain 512K of nonvolatile
read-only memory. The system ROMs contain the
Macintosh Toolbox, operating system support, and self-
tests. The ROMs are implemented with four 32-pin,
128K x 8 ROM chips.

Built-in Video The built-in video chip provides support for VRAM

Chip and for the Ariel color lookup table (CLUT). The video
chip also includes a full-function VIA1 (versatile
interface adapter) chip and VIA2 registers similar to
those implemented in the Apple Sound Chip.

1.16/ Basics Mar 92 Macintosh LC and LC I




If VRAM is not installed on the VRAM SIMM, the video
chip uses data stored in a buffer frame in bank A of
RAM to refresh screen video. The video chip requests
this video data as needed and refreshes video in 32-bit
bursts. If a video burst is in progress, CPU access to
RAM bank A is delayed, which slows the CPU. The
RAM SIMM expansion slots are not affected by video
refresh; the CPU has full access to these slots at all
times (the expansion slots are connected directly to the
CPU data bus).

When a monitor is connected to the built-in video port,
the monitor will ground certain pins on the connector.
The grounding pattern allows the video chip to identify
the type of monitor connected. The video chip
automatically selects the appropriate pixel clock and
sync timing parameters. If an unknown monitor is
plugged in or no monitor is plugged in, built-in video
output halts.

The video monitor connects to the computer through a
DB-15 female connector on the back of the CPU. Table 1
shows the pinouts for this connector.

Pin | Signal Description Pin | Signal Description

1 R.GND Red video ground 9 B.V. Blue video

2 R.V. Red video 10 ID3 Monitor ID bit 3

3 CSYNC | Composite H and V sync| 11 GND CSYNC ground

4 ID1 Monitor ID bit 1 12 VSYNC Vertical sync

5 G.V. Green video 13 B.GND Blue video ground

6 G.GND Green video ground 14 GND HSYNC return

7 ID2 Monitor ID bit 2 15 | HSYNC | Horiz sync (VGA only,
CSYNC otherwise)

8 - Not used Shell| S.GND Shield ground

Table 1 External Video Connector Pinouts

Macintosh LC and LC II built-in video supports the
following monitors: the Macintosh 12-Inch RGB Display
(512 x 384 screen); the Macintosh 12-Inch Monochrome
Display, AppleColor Hi-Res RGB Monitor, and Apple Hi-
Res Monochrome Monitor (640 x 480 screens); and VGA
monitors (512 x 384 screen).
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When using a video SIMM without VRAM, the built-in
video chip supports 640 x 480 screens only, at 1
bit/pixel. With 256K of VRAM, the Macintosh LC and
LC II can drive 640 x 480 and 560 x 384 screens at 4
bits/pixel, and 512 x 384 screens at 8 bits/pixel. With
512K of VRAM, these CPUs can drive 640 x 480 and
560 x 384 screens at 8 bits/pixel, and 512 x 384
screens at 16 bits/pixel.

The video signals generated by the built-in video chip
pass through a CLUT (color lookup table) chip. The
lookup table has 256 three-byte entries (one byte each
for red, green, and blue). In monochrome mode, the
same signal drives red, green, and blue.

Input/Output The input/output interfaces of the system include the

Interfaces serial ports, the SCSI port, the internal floppy disk, the
ADB port, the sound system, and the expansion port.
The following chips control these ports and their
devices.

SCC Chip The SCC (serial communications controller) chip, an
8-MHz AMD 85C80, controls communications with the
serial ports. This chip is also known as the combo chip
because it combines the functions of the SCC and the
SCSI controller into a single device. The 85C80 is
transparent to operating software.

The SCC portion of the 85C80 has two independent
ports for serial communication. Each port can be
independently programmed for asynchronous,
synchronous, and AppleTalk protocols. The serial ports
conform to EIA standard RS-422. These ports are used
mainly for (though not limited to) connecting the CPU
to networks, printers, and modems.
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To use the serial ports with RS-232 single-ended
devices, use the RS-422 TxD- for the RS-232 TxD, RS-
422 RxD- for the RS-232 RxD, and ground RxD+ to the
SG pin (see Figure 1-8).

GPi
RxD+

RxD-

HSKi

Figure 1-8 Mini DIN-8 Connector

The second portion of the 85C80 combo chip is the
small computer system interface (SCSD controller. The
SCSI portion of the 85C80 supports the SCSI as defined
by the American National Standards Institute (ANSD
X3T9.2 Committee. This part of the device is compatible
with the 53C80 controller in the Macintosh II family.
The rest of the SCSI interface consists of an internal
50-pin connector for connecting an internal SCSI drive,
and an external DB-25 connector.

The combo chip connects directly to the internal 50-pin
connector and the external DB-25 connector, and the
chip controls the high-speed parallel port for
communicating with up to seven SCSI peripherals. (If
you have an internal SCSI drive, you can have only six
external SCSI devices.) The combo chip supports
arbitration of the SCSI bus, including reselection.

The 85C80 does not provide the internal SCSI disk

drive with termination power; the drive provides the
termination power.
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The SWIM chip (Sanders-Woz integrated machine)
controls the internal 3.5-inch floppy drive—the Apple
1.4 MB SuperDrive. The SWIM chip incorporates the
functionality of the IWM chip (integrated Woz machine),
and enables the high-capacity SuperDrive to read,

write, and format in GCR and MFM data formats.

The SWIM chip interprets, converts, and outputs dual-
disk (clock/time) and file (data) signals as appropriate for
either GCR (Apple 400K/800K) or MFM (MS-DOS 720K
and 1.4 MB, and Apple 1.4 MB) data formats. This
arrangement enables the Apple SuperDrive to exchange
data between Apple and MS-DOS® systems. For specific
compatibilities between drives and media, see Figure 1-6.

To translate the formatted data for use within an
application program, use an application-specific
translator within the Apple File Exchange utility
program or a third-party translator.

A custom Motorola 68HCO05 microcontroller chip drives
the external ADB bus and reads the status of the
selected device. The Macintosh LC and LC II interface
with the microcontroller chip via an improved,
extended-handshake protocol with the VIA1 register in
the built-in video chip.

The ADB is a serial communication bus that connects
keyboards, mouse devices, graphic tablets, and other
input devices to the system. It is a single-master,
multiple-slave serial bus using an asynchronous
protocol. The system microprocessor normally samples
the state of each of the devices by using the control
lines and shift register in VIA1 to read or write bytes
over an internal serial link to the microcontroller. The
microcontroller drives the external bus and reads the
status of the selected device.

All Apple Desktop Bus devices have a microprocessor
that makes the devices intelligent. All ADB devices,
except the mouse, have ports for connecting to other
ADB devices. Because it has no port, the mouse must be
the last device on the Apple Desktop Bus.
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There are three Macintosh Apple ADB keyboards—the
) Apple Keyboard, Apple Keyboard II, and Apple Extended
Keyboard II. The keyboards connect to the Apple
Desktop Bus port on the rear of the CPU. The
keyboards have their own microprocessors, called
keyboard microcontrollers. The keyboards operate
asynchronously, issue commands on the ADB, and
transmit and receive data to and from the ADB devices.

The ADB microcontroller chip includes other functions
that used to be provided by extra devices on the logic
board. The microcontroller includes a real-time clock
and parameter RAM, control bits for the soft power
control circuit, power-on reset capabilities, and
keyboard-controlled NMI functions. Each of these
functions is described below.

Sound The sound system includes an input jack, a built-in

System speaker, and a stereo headphone jack that plays in
mono. The system can record sounds digitally and
includes a playthrough feature that permits the user to
mix an external audio source with computer-generated
sound and to play the result through the speaker or
headphone jack.

1 ) The Macintosh LC and LC II use main memory for the

| sound buffer. Sound data is written to memory and
played back using a first-in, first-out (FIFO) storage
method incorporated into the built-in video chip. The
FIFO address is a byte wide, and the sound buffer in
main memory is 1022 bytes long. A DFAC chip (digital
filter audio chip) controls all analog processing
functions. Control bits for the DFAC are in a shift
register loaded from the ADB microcontroller chip.

The sound input circuit consists of an input jack; a
preamplifier; a switched capacitor filter to provide
input filtering; an analog-to-digital converter; a first-in,
first-out memory to store the digitized data; and control
logic that allows software to control the circuitry.
Software uses sound control registers to control the
storage of data and the generation of interrupts. The
sound input control register controls the sample rate,
the record/play bit, and write/diagnostic address to the
FIFO memory. Sound samples can be made at 11 or 22
KHz with 8-bit resolution.
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Slot
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Sound input sources can be a microphone or an audio
line, either of which plugs into the sound input jack on
the rear of the computer. The input source should
provide a 20-mV amplitude and a 600-Q input
impedance. A line input (1 volt, peak to peak) source—
such as a CD player, VCR, or tape player—provides a
higher voltage input level. Use an attenuating adapter
plug to decrease the level of these devices so they are
compatible with Macintosh LC and LC II input.

Apple provides an electret microphone that digitizes
voice inputs. Electret microphones require a bias
voltage. The Macintosh LC powers the electret via a
bias voltage at the second tip of the input connector.
This connection provides eight volts DC at up to 1 mA.
This bias voltage has no effect on input devices with
monophonic or stereo input plugs. However, plugging
some types of amplifiers into the sound input jack
instead of the sound output jack could damage the
amplifier.

CAUTION: The user must take care to ensure that the
connections to the rear of the computer are correct.
Incorrect connections could damage the computer or
external equipment.

The sound output circuit consists of the DFAC chip,
which filters the pulse-width-modulated (PWM) signal
and drives the internal speaker and headphone jack, and
a separate amplifier that mixes the right and left
channels before output.

The Macintosh LC and LC II each have one expansion
slot that accepts compatible expansion cards.

The expansion bus connector is a 96-pin DIN three-row
connector. The connector provides the 32-bit CPU data
and address buses, DMA control signals, other CPU
control signals, interrupt inputs, and status signals for
future expansion. Additionally, the slot outputs +5 V,
+12 V, and -12 V DC, and 4 watts of DC power. The
expansion card is installed horizontally, parallel to the
main logic board. There is sufficient clearance for
cooling air to flow between the boards.
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The power supply operates on standard line voltage and
outputs +5 V, +12 V, and -12 V DC voltages, which are
used by the logic board, the internal devices, and the
slots.

CAUTION: It is extremely important that you do not
exceed the ratings of the power supply. Exceeding the
ratings will damage the power supply and the logic board.
For maximum system ratings, see the specifications in this
section.

You cannot switch the Macintosh LC or LC II on or off
from the keyboard. You must use the on/off power
switch on the rear panel.

You can lock the rear-panel power switch in an ON
position, which allows the computer to restart as soon
as it detects AC power. If a power failure shuts off the
computer, it will start up as soon as power is
reinstated.

The Shut Down command in the Finder™ puts the
power-off function under software control. This soft-off
allows the computer to complete pending activity.

When the soft-off routine finishes, the monitor screen
displays the dialog box “You may now shut down your
Macintosh safely.” Use the rear panel power switch to
switch off power.

The ADB 68HC05 microcontroller chip incorporates the
real-time clock. The microcontroller chip contains 256
bytes of RAM that a battery powers when external
power is off. These RAM bytes are called parameter
RAM (PRAM). Parameter RAM stores the configuration
of ports, the clock setting, and other data that must be
preserved even when system power is not available.

The user accesses PRAM information through a new
pseudo device command protocol for the 68HC05. This
protocol is different from the protocols of previous
Macintosh computers. Software can use the driver
routines to access the clock and PRAM; however,
software that attempts to access these hardware devices
directly must be modified.
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Interrupt/ - The Macintosh LC and LC II provide a keyboard-

Reset Circuit initiated nonmasked interrupt (NMI) and reset. To
produce a NMI, press <Command> and the power button
at the same time; to reset, press <Command>,
<Control>, and the power button at the same time.

Debugging software uses the NMI to stop an application
and change to a debugger for low-level software and
hardware testing. The NMI signal has an enable flag in
the PRAM of the 68HC05. When the 68HCO5 initially
powers up, the flag resets and the keyboard cannot
generate the NMI. To use the debugging function,
debugging software must set the enable flag in the
PRAM so that the keyboard can generate the NMI.

The NMI reset is a hard reset, identical to the power-

on reset. All RAM contents are lost and the computer
behaves as if you just switched it on.
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2.5 Hard Drive

2.7 Fan/Speaker Assembly (Macintosh LC Only)
2.8 Fan (Macintosh LC II Only)
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2.10  Floppy Drive (Macintosh LC Only)

2.11 Floppy Drive (Macintosh LC II Only)

2.12 Power Supply

2.14 Main Logic Board

Note: Detailed instructions for underlined steps are
elsewhere in this section.
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O ELECTROSTATIC DISCHARGE PREVENTION

The Macintosh LC and LC II contain ROM and RAM
memory (which is installed on small separate boards
called SIMMs—single in-line memory modules) and
CMOS components. The CMOS components and the
SIMMs are very susceptible to damage from
electrostatic discharge (ESD).

You must take preventive measures to avoid ESD
damage. When you unwrap, install, or replace modules,
observe the appropriate ESD precautions.

For complete ESD prevention information, refer to the
You Oughta Know tab in the Apple Service Technical
Procedures.

If the proper ESD procedures are not available, then do
the following: switch off power and disconnect the
power cord. After removing the cover and before going
near the logic board, touch the metal of the power
supply case.
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0 TOP CASE

Materials Required Medium Phillips screwdriver

Remove 1. Switch off power. Disconnect the power cord and
all cables from the rear of the computer.

2. If necessary, remove the case screw (Figure 2-1).

3. Lift the tabs at the back of the lid (Figure 2-1). Lift
the top case straight up and off the bottom case.

Lift Tab / éf Case Screw \ Lift Tab

(LC only)

Figure 2-1 Removing the Top Case

Replace 1. Replace the front end of the top case on the front
end of the bottom case, and swing the lid down
toward the back of the unit. Press down on the
back of the top case until you hear it click into
place on the bottom case.

2. Replace the case screw, if present (Figure 2-1).
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Hard Drive
Power Cable

Hard Drive
Connector

50-Pin
Connector

Figure 2-2 Removing the Hard Drive

Mounting Screws

~ Note: Hard Drive Lockwashers
Drive carrier Carrier
configuration

may vary
between LC
and LC II,
but the screw
placement
sequence is
the same.

riv

echanism

Figure 2-3 Installing the Drive Carrier
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O HARD DRIVE

Materials Required

Remove

Macintosh LC and LC Il

Note: If you are replacing the hard drive, you will
need a torque driver. Most hardware and automotive
supply stores carry torque drivers.

Medium Phillips screwdriver
Torque driver

Remove the top case.

Figure 2-2. Disconnect the HDA (hard disk
assembly) power cable from the HDA power
connector on the logic board. To remove this cable,
you must release the locking tab on the side of the
connector.

Figure 2-2. Disconnect the SCSI cable from the 50-
pin SCSI connector on the logic board.

Figure 2-2. Release the two plastic tabs on one side
of the hard drive, and lift the drive slightly. Repeat
on the other side of the hard drive and remove the
drive (with its carrier) from the computer.

CAUTION: DO NOT loosen or remove any of the torx
screws that secure the black cover to the drive
mechanism. Loosening or removing these screws can
cause irreparable damage to the hard drive.

5.

Figure 2-3. If you are replacing the hard drive, turn
the drive over and remove the four Phillips screws
and lockwashers that secure the defective drive
mechanism to its carrier. You will need to use this
carrier when installing a new hard drive.

Note: If you are replacing the hard drive, detach
and retain the HDA power cable and the SCSI cable
from the bad drive. You will need these cables to
connect the new drive.
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Replace If you are replacing a defective hard drive, begin with
step 1. If you are simply reinstalling the same drive (
(which is already attached to the silver-colored
carrier), begin with step 5.

1. Figure 2-3. Using the screw hole marked B, align
the carrier on the bottom of the new drive
mechanism. Loosely fasten the carrier to the drive
with the four lockwashers and Phillips screws.

2. Figure 2-3. Using the torque driver and following
the sequence in Figure 2-3, torque the four Phillips
screws to 8.0 in-lbs.

CAUTION: Be sure to use the Phillips screws that you
removed in step 5 above and follow the installation
sequence in Figure 2-3. Failure to do so can damage the
drive.

3. Connect one end of the SCSI cable to the hard drive.

4. Connect the rectangular end of the HDA power cable
to the hard drive.

5. Figure 2-2. Position the hard drive so the metal
tabs on the carrier align with the four plastic (
release tabs on the bottom case. Push the drive into
the bottom case until the drive snaps into place.

6. Figure 2-2. Connect the SCSI cable to the 50-pin
SCSI connector on the logic board.

7. Figure 2-2. Connect the square end of the power
cable to the HDA power connector on the logic
board. Be surc that the cable locks into place.

8. Replace the top case.
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0 FAN/SPEAKER ASSEMBLY (MACINTOSH LC ONLY)

Remove 1. Remove the top case.

2. Release the plastic tab (Figure 2-4) on one end of
the fan/speaker assembly, and lift the assembly
slightly. Release the other plastic tab and remove
the fan/speaker assembly from the bottom case.

Fan/Speaker
Assembly

Release Tab

Figure 2-4 Removing and Installing the Fan/Speaker Assembly

Replace 1. Insert the two tabs on the fan end of the fan/
speaker assembly (Figure 2-4) under the logic board.
Push the assembly down until you hear it snap into

place.
2. Replace the top case.
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0 FAN (MACINTOSH LC Il ONLY)

Remove 1. Remove the top case.

2. Disconnect the fan cable from the fan connector
(J24) on the logic board (Figure 2-5).

3. Release the plastic tabs on the sides of the fan
(Figure 2-5) and lift the fan to remove it.

Fan Release

Fan Tabs

Connector

Figure 2-5 Removing and Installing the Fan

Replace 1. Position the fan (logo side down) so that its cable
reaches the fan connector (J24) (Figure 2-5).

IMPORTANT: You must install the fan with the logo side
down, or the fan may damage the computer.

2. Gently push down on the fan until you hear it snap
into place.

3. Connect the fan cable to the fan connector (J24) on
the logic board.

4. Replace the top case.
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0 SPEAKER (MACINTOSH LC Il ONLY)

Remove 1. Remove the top case.

2. Remove the hard drive.

3. Disconnect the speaker cable from the speaker
connector (J25) on the logic board (Figure 2-6).

4. Release the plastic tabs on the sides of the speaker
(Figure 2-6) and lift the speaker to remove it.

Speaker
Release
Tabs

Figure 2-6 Removing and Installing the Speaker

Replace 1. Slide the speaker under the front plastic tab that
holds the speaker in place; pull back on the bottom
tab (Figure 2-6). Push down on the speaker until it
snaps into place.

2. Thread the speaker cable through the top two
plastic brackets that hold the hard drive in place,
and connect the speaker cable to the speaker
connector (J25) on the logic board.

3. Replace the hard drive.

4. Replace the top case.
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0 FLOPPY DRIVE (MACINTOSH LC ONLY)

Remove 1. Remove the top case.

2. Disconnect the floppy drive cable from the floppy drive
connector (J13) on the logic board (Figure 2-7).

3. Release the plastic tabs (Figure 2-7) on one side of
the floppy drive, and lift the drive slightly. Repeat

on the other side and remove the drive.

Note: If you are replacing a bad drive, detach and keep
the floppy drive cable for use with the new drive.

Floppy Drive Cable Floppy Drive

Release Tabs

Floppy Drive
onnector

Figure 2-7 Removing the Floppy Drive (Macintosh LC Only)

Replace IMPORTANT: Before you install a replacement 1.4 MB
floppy drive in a Macintosh LC, you must remove the dust
shield from the replacement drive.

1. Position the floppy drive so that the metal tabs on
the drive carrier align with the plastic release tabs
(Figure 2-7). Push the drive into the bottom case
until the drive snaps into place.

2. Connect the floppy drive cable to the drive (f
necessary) and to connector J13 (Figure 2-7) on the
logic board.

3. Replace the top case.
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0 FLOPPY DRIVE (MACINTOSH LC 1l ONLY)

Remove 1. Remove the top case.

2. Disconnect the floppy drive cable from the floppy drive
connector (J2) on the logic board (Figure 2-8).

3. Release the two plastic tabs at the rear of the
floppy drive (Figure 2-8), and lift the drive up and
out.

Note: If you are replacing a bad drive, detach and keep
the floppy drive cable for use with the new drive.

Release Tabs

Floppy Drive
Cable

Floppy Drive
Connector

Figure 2-8 Removing the Floppy Drive (Macintosh LC Il Only)

Replace IMPORTANT: Before you install a replacement 1.4 MB
floppy drive in a Macintosh LC I, you must remove the
dust shield from the replacement drive.

1. Insert the metal locating screws on the front of the
drive carrier into the grooves on the plastic
brackets that hold the front of the drive (Figure
2-8). Push down on the back of the drive until the
drive snaps into place.

2. Connect the floppy drive cable to the drive Gf

necessary) and to connector J2 (Figure 2-8) on the
logic board.

3. Replace the top case.
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0 POWER SUPPLY

Remove 1. Remove the top case.

2. Disconnect the power supply cable from the power
supply connector (Figure 2-9) on the logic board.

3. Release the two plastic tabs (Figure 2-9) that secure
the front end of the power supply to the bottom
case, and at the same time lift the power supply up
and out of the case.

Power Supply
Cagle

< N
Power Supply
Connector H/b\
/

Figure 2-9 Removing and Installing the Power Supply

Replace 1. Slide the back end of the power supply over the
three plastic mounting tabs (Figure 2-9) at the rear
of the bottom case.

2. Push down on the power supply until it snaps into
place.

3. Connect the power supply cable to the power supply
connector (Figure 2-9) on the logic board.

4. Replace the the top case.
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96-Pin
Expansion
Connector | Power
Supply
Connector
1 Floppy Drive
Connector
7
PSCSI
ower .
SCSI Hard Drive ~ Speaker Fan
Connector Connector Connector (LC il only) Connector (LC Il only)

Figure 2-10 Disconnecting Connectors from the Main Logic Board

Release Tabs Power On-Off Switch

Logic Board

[ J15/J28 Connector

Figure 2-11 Removing the Main Logic Board
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0 MAIN LOGIC BOARD

Materials Required

Remove

2.14 / Take-Apart

SIMM removal tool

Remove the top cover.

Remove the fan/speaker assembly (Macintosh LC
only).

Figure 2-10. Disconnect the following connectors
from the logic board:

e Power supply connector

e Internal floppy drive connector

e Fan connector (Macintosh LC II only)

e Speaker connector (Macintosh LC II only)

e 50-pin SCSI connector

e HDA power connector

e Expansion card (if installed) from the 96-pin
processor-direct slot

Figure 2-11. Use your thumbs to spread the two
plastic tabs that secure the logic board to the bottom
case. At the same time, use your forefingers to

slide the logic board toward the front of the case.
(Use the 96-pin expansion connector and the power
supply connector to push back the logic board.)

CAUTION: Be sure the power on/off button clears the rear
panel before you lift the logic board out of the case.

CAUTION: Because the oil from your skin can be harmful,
do not touch the "fingers" of the J28 or J29 connectors on
the Macintosh LC (Figure 2-11).

5.
6.

Gently lift the board completely out of the case.

Use the SIMM removal tool (see the instructions in
"SIMM Removal Tool" under the You Oughta Know
tab) to remove all DRAM SIMMs and VRAM SIMMs
from the logic board. You must install the
customer's DRAM SIMMs and VRAM SIMMs on the
new logic board. Note the size and number of
SIMMs to ensure that the customer receives the
same DRAM and VRAM SIMM configuration that he
or she brought in.
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Logic Board

Guide Pin

Guide Pin

Figure 2-12 Installing the Main Logic Board

Replace

Macintosh LC and LC i

Install the customer's DRAM SIMMs and VRAM
SIMM onto the replacement logic board.

Figure 2-12. Insert the logic board into the bottom
case so that the round slots in the logic board fit
over the plastic guide pins on the bottom of the
case.

Slide the logic board toward the rear of the case as
far as it will go. The board will click into place.

Figure 2-12. Connect the following connectors to
the logic board:

Power supply connector

Internal floppy drive connector

Fan connector (Macintosh LC II only)
Speaker connector (Macintosh LC II only)
50-pin SCSI connector

HDA power connector

Expansion card (if removed) from the 96-pin
processor-direct slot

Replace the fan/speaker assembly (Macintosh LC
only).

Replace the top cover.
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Section 3 — Diagnostics

0 CONTENTS

Because the Macintosh IIfx, Macintosh IIsi, and
Macintosh LC computers use the same diagnostics
application (MacTest MP), diagnostics procedures for
these products are in the Macintosh Multiple-Product
Diagnostics tab in Volume II of the Macintosh Family
Technical Procedures.

Note: There are no diagnostics currently available for
the Macintosh LC II

Macintosh LC and LC Il Mar 92 Diagnostics / 3.1






& Apple Technical Procedures

Macintosh LCand LC i

Section 4 — Troubleshooting

0 CONTENTS

Macintosh LC and LC Ii

4.2
4.2
4.2
4.2
4.2
4.3
4.3
4.5
4.5
4.5
4.6
4.6
4.6
4.6
4.8
4.8
4.9
49
4.10
4.11
4.13
4.14
4.16
4.18
4.19
4.20
4.22
4.22
4.22
4.23
4.23
4.23

Introduction
General Information
Before You Start
Error Chords
How to Use the Symptom Chart

How to Use the Troubleshooting Flowcharts

Things to Remember
Module Exchange Information
Logic Board Configuration
Internal SCSI Hard Drive
Startup and Error Chords
Introduction
Startup Chord
Error Chords
Symptom Chart
Built-in Video Problems
Floppy Drive Problems
SCSI Problems
Peripheral Problems
Miscellaneous Problems
Troubleshooting Flowcharts
Flowchart 1 Notes (LC or LC II)
Flowchart 2 Notes (LC only)
Flowchart 3 Notes (LC or LC II)
Flowchart 4 Notes (LC only)
Flowchart 5 Notes (LC only)
DRAM SIMM Verification
Introduction
Verification Procedure
Battery Verification
Introduction
Verification Procedure

Mar 92 Troubleshooting / 4.1



0 INTRODUCTION

General
Information

Before
You Start

Error Chords

How to Use
the Symptom
Chart

4.2 / Troubleshooting

The following two disks test modules of the Macintosh
LC and/or Macintosh LC II:

e MacTest MP, version 1.1 or later (Macintosh LC
computer only)

e  Macintosh Hard Disk Test (test hard disks on the
Macintosh LC or LC II computers)

Use this section to troubleshoot the Macintosh LC and
LC II. If you are troubleshooting the Macintosh LC and
are unable to boot the MacTest MP disk or if the disk
is unable to detect a module failure, use this section
instead of MacTest MP. After you repair a Macintosh
LC system, run MacTest MP again to verify system
operation.

Read the subsections titled "Things to Remember,"
"Module Exchange Information,” "Startup and Error
Chords," "DRAM SIMM Verification," and "Battery
Verification" before you begin troubleshooting. You
need the information in these subsections to
troubleshoot the CPU effectively.

When you switch on the Macintosh LC or LC II, the unit
executes a ROM-based self-test. If any part of the self-
test fails, a sequence of chords follows the initial
startup chord. To interpret this sequence of chords,
refer to "Startup and Error Chords."

To use the symptom chart, first find the symptom that
most nearly describes the problem; then perform the
first corrective action on the solution list. If that
corrective action does not fix the problem, go to the
next action. If you replace a module and find that the
problem remains, reinstall the original module before
you go to the next action.

If the symptoms displayed by the Macintosh LC or LC 1II
are not in the symptom chart, or if the system does not
have a clearly defined problem, refer to
"Troubleshooting Flowcharts."
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How to Use the
Troubleshooting
Flowcharts

Note: When using the AppleColor High-Res RGB
Monitor with the Macintosh LC or LC II, the width of
the raster/image area shrinks 3/16 inch from each side
of the screen. To correct this problem, adjust the
horizontal size of the monitor (see the High-Res RGB
Monitor Technical Procedures).

There are five numbered flowcharts for the Macintosh
LC. Only Flowcharts 1 and 3 pertain to the Macintosh
LC 1I, however. Begin with Flowchart 1 and continue
until you complete Flowchart 5. Reference notes on the
opposite page provide additional instructions or
referrals to other procedures.

Follow each flowchart from top to bottom. When you
arrive at a rectangular box containing a list of actions,
perform the actions in the sequence listed. On
completion, return to the preceding diamond box. If the
problem remains, reinstall the original module before
you go to the next action.

0 THINGS TO REMEMBER

Macintosh LC and LC Il

1. When working on the CPU, follow all electrostatic
discharge (ESD) precautions. For additional
information refer to the You Oughta Know tab in
the Apple Service Technical Procedures.

2. If available, use a known-good monitor and
monitor cable to isolate the problem to the CPU,
internal drive, keyboard, or mouse.

3. Mark each known-good SIMM module on the
exchange logic board with white correction fluid or
a small sticker to prevent confusion during the
troubleshooting procedure.

4. Before you begin troubleshooting, remove the
expansion card (if installed) and disconnect any
external devices (printers, SCSI devices, and/or
ADB devices other than the keyboard and mouse).
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After the CPU has passed the diagnostic tests, each
expansion card or peripheral must be installed and
tested. Install one device and test the system
before adding other devices. Repeat the install-and-
test process until all devices have been installed
and tested.

5. When troubleshooting the Macintosh LC, use a
known-good copy of the MacTest MP disk.

6. Perform the following quick checks:

e Check the power source and power connection.

e Check all cables and cable connections.

e Check the adjustment of all user controls.

¢ Check that no more than one system file is on
the startup device/disk.

e Check that the computer system and the system
software are compatible.

e Open the computer and verify that all circuit
boards, fuses, and chips are secure, clean, and
undamaged.

7. During a normal startup sequence, a medium-pitched
soft chord sounds. If you do not hear the chord,
refer to "Startup and Error Chords" for additional
information.

8. To ensure that customers receive the same system
configurations they bring in, record:

e Type and number of floppy drives

e Size of SCSI drive (if present)

e Number and size of DRAM SIMMs

e Amount of video RAM

e Type and serial number of expansion card

9. Verify that Macintosh LC customers are using system
software version 6.0.7 and Finder 6.1 or later and
that Macintosh LC II customers are using system
software version 7.01 and Finder 7.0 or later. Using
earlier versions may destroy data or prevent the
CPU from booting.

4.4 / Troubleshooting Mar 92 Macintosh LC and LC ||




)

0 MODULE EXCHANGE INFORMATION

Logic Board
Configuration

Internal SCSI
Hard Drive

Macintosh LC and LC I

Apple ships the Macintosh LC logic board service
exchange module without DRAM SIMMs and without
the video RAM (VRAM) SIMM. To make sure that
customers always receive the same logic board
configurations they brought in, be sure to record the
amount of memory installed and the size of the DRAM
SIMMSs, and record the amount of VRAM on the VRAM
SIMM if installed.

All Macintosh LC and LC II logic boards ship with ROM
memory. This memory is soldered onto the board at the
locations marked UB2/LL, UC2/ML, UD2/MH, and
UE2/HH (between the 96-pin expansion connector and
the SIMM slots). When you return a defective logic
board, return it with the ROM, but without the DRAM
and VRAM SIMMs.

Internal SCSI hard drive service modules do not include
SCSI cables or SCSI power cables. These cables are
sold as separate replacement parts.

You must detach the SCSI cable and the SCSI power
cable from the customer’s defective drive and install
them on the replacement drive. Be sure to keep these
cables with the customer's system.
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0 STARTUP AND ERROR CHORDS

Introduction

Startup Chord

Error Chords

DRAM SIMM Failure

4.6 / Troubleshooting

When the computer is switched on, the ROM executes a
self-test. If any part of the self-test fails, a special
sequence of chords will sound, as explained below.

If you are unable to interpret the chords using the
following explanation, see "Macintosh LC Flowcharts"
and ignore the question about the startup chord on
Flowchart 1.

During a normal startup sequence, a medium-pitched
chord is the only sound emitted; then a disk icon
appears on the screen. The disk icon will have a
flashing question mark (if a startup disk is not found)
or a smiling face (if a startup disk is found).

If a startup chord and additional chords sound, a failure
occurred during the initial hardware self-tests.

Macintosh LC: After the startup chord you will hear a
short, harsh error chord, followed closely by the test
monitor chord sequence (four chords, from low to high).
Following these chords, a blank gray screen usually
appears (see DRAM SIMM Failure).

Macintosh LC II: After the startup chord you will hear
a multi-tone error chord. Depending upon the type of
failure, this chord will be either an eight-tone chord
(see DRAM SIMM Failure) or a four-tone chord (see
Hardware Failure).

To correct a DRAM SIMM failure:

1. Exchange the DRAM SIMMs. (Refer to "DRAM
SIMM Verification" in this section for complete
instructions.)

2. If DRAM SIMM exchanges do not work, exchange
the logic board. (Install the customer's DRAM
SIMMs on the exchange board.)

3. If the system still does not work, you will need to

perform the DRAM SIMM verification with the
exchange logic board.
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Hardware Failure

Macintosh LC and LC |i

To correct a hardware failure:

1.

Disconnect the SCSI hard drive power and cable
connectors, and reboot the system. If the startup
sequence is normal, run Macintosh Hard Disk Test
and replace the hard drive if necessary.

If the error chord(s) still sound at system startup,
disconnect the floppy drive cable connector and
reboot the system. If the startup sequence is
normal, replace the floppy drive.

If you still hear the error chord(s) at system startup,
exchange the logic board. (Install the customer's
DRAM and VRAM SIMMs on the exchange logic
board.)
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0 SYMPTOM CHART

Built-in Video Problems

Screen is dark, but
audio and at least one
drive operate, fan runs,
LED is lit, and boot
tone is normal

Screen dark, no audio,
no drive, but fan is
running and LED

is lit

Partial or whole
screen is bright and
audio is present, but
no video information
is visible

Screen is completely
dark, fan is not
running, and LED is
not lit

Vertical or horizontal
lines or snow appear
on screen, or screen is
completely dark, and
boot tone is normal

4.8 / Troubleshooting

Solutions

1. Adjust brightness on monitor.

2. Replace monitor.

3. Replace video cable.

4. Replace existing video RAM SIMM, or if none is
present, install a video RAM SIMM.

5. Replace logic board. Retain customer’s SIMMs.

6. Replace power supply.

1. Remove expansion cards.

2. Remove all external peripherals.

3. Replace DRAM SIMMs (refer to "DRAM SIMM
Verification" in this section).

4. Replace logic board.

5. Replace power supply.

1. Replace video cable.

2. Replace monitor.

3. Make sure a video RAM SIMM is installed.

4. Replace logic board. Retain customer’s SIMMs.

1. Plug the monitor directly into the wall socket, and
verify that the monitor has power.

2. Remove expansion card.

3. Remove all external peripherals.

4. Replace power supply.

5. Replace logic board. Retain customer’s SIMMs.

1. Replace video cable.

2. Replace monitor,

3. Replace existing video RAM SIMM, or if none is
present, install a video RAM SIMM.

4. Replace logic board. Retain customer’s SIMMs.

5. Replace power supply.

Note: If replacing the monitor corrects the problem,
refer to the appropriate Apple Service Technical
Procedures to obtain monitor replacement information.
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Floppy Drive Problems

Audio and video
present, but
floppy drive
does not operate

Disk ejects; display
shows Mac icon
with blinking "X"

Disk will not eject

Drive attempts to
gject disk, but
doesn't

SCSI Problems

Internal hard drive

is continuously active

Internal hard drive
will not operate

Macintosh LC and LC II

later) for Macintosh LC computer or version 7.01 (or

Solutions

1. Replace floppy drive cable.

2. Replace floppy drive.

3. Replace logic board. Retain customer’s SIMMSs.

1. Replace disk with known-good disk.

2. Replace floppy drive cable.

3. Replace floppy drive.

4. Replace mouse.

5. Replace logic board. Retain customer’s SIMMs.

1. Switch off system and hold mouse button down
while switching on.

2. Try ejecting disk manually with paper clip.

3. Replace floppy drive cable.

4. Replace floppy drive.

1. Try pushing disk completely in.

2. Try ejecting disk manually with paper clip.

3. Check that front lid of case is completely on.

4. Replace floppy drive.

Solutions

1. Make sure system software is version 6.0.7 (or
later) for Macintosh LC II computer.

2. Replace internal SCSI cable.

3. Replace internal hard drive.

4. Replace logic board. Retain customer’s SIMMs.

1. Replace internal SCSI cable.

2. Replace internal HDA power cable.

3. Replace internal hard drive.

4. Replace logic board. Retain customer’s SIMMs.
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Peripheral Problems

e Peripheral works with
internal or external
SCSI device but will
not work with both

e Cursor does not move

e Cursor moves, but
clicking the mouse
button has no effect

e Cannot double-click
to open an application,
disk, or server

e No response to any
key on the keyboard
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