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Remove staples and use cover for file folder.

COMPUTERFACTS™ put easy to use, informative
technical data right at your fingertips. Each edition
includes specific service information on the individual
component, along with some overall troubleshooting hints.

The following information is just a sample of the many valuable time saving
features contained in this exclusive Sams COMPUTERFACTS publication:

¢ Preliminary Service Checks section is an easy to use, step by step guide for the
experienced technician or hobbyist, and even beginners.

e SAMS famous industry accepted standardized notation schematics containing
CIRCUITRACE® , GRIDTRACE™, waveforms, voltages and stage identification.
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® Step by Step Troubleshooting guides the technician through the ncessary
procedures to quickly locate the problem.

TROUBLESHOOTING

MICROPROCESSOR CHIP (CPU) OPERATION

Verify the processor is functioning by checking the
signals on the address lines (pins 10 thru 24 of IC U600)
and the data lines (pins 41 thru 56) using a logic probe or
a scope if a logic probe is used, refer to the "Logic
Chart” for the correct readings. If a scope is used, the
waveforms on the address lines (except pins 22 and 23
which have no signal in Power Up mode) should be
similar to Figure 1. The waveforms on the data lines
should be similar to Figure 2.

¢ Quick Component Location using the SAMS exclusive GRIDTRACE,
CIRCUITRACE, and component photographs.
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* Complete Components Parts List in an easy to use format with field replace-
ments shown when possible. SAMS unique semiconductor, chip and IC cross-
reference gives you many replacements to choose from and is available at your
Electronic Distributor.

SEMICONDUCTORS (Select replacement for best results)

REPLACEMENT DATA

® Logic Chart containing logic probe readings to isolate defective circuitry and
components.

LOGIC
PIN | IC PIN | IC PIN | IC IC IC IC IC IC Ic |ic
NO. [ U0 | NO | Uleo [ NO | ulez | U103 | Ulo4 | Ules | Uloe | Utor | Ulos |Ul09
i P 21 P 1 L L L L 1 I [ 1
2 P 2 P 2 P P P P b P P P
3 P 23 P 3 H H H H H H H H

ITEM TYPE MFGR. ECG NTE RCA ZENITH

No. No. Part No. Part No. Part No. Part No. Part No. NOTES
D102 1SS53 1149-2576 | ECGS519 NTESI9 SK9091/177 | 103-131

D103 2N60FM 1149-2527 ECGI109 NTEI09 SK3088 103-Z9001

D201 IN4004GP | 1201-4205 ECGl116 NTEI16 SK3312 212-76-02

D501 thru 1SS53 1149-2576 | ECGS519 NTESI9 SK9091/177 | 103-131

D503

CIRCUITRACE is a registered trademark of Howard W. Sams & Co.

COMPUTERFACTS and GRrRIDTRACE are trademarks of Howard W. Sams & Co.

Apple is a registered trademark of Apple Computer Inc.

To order, or for more information see your Sams Distributor, or
telephone 800-428-SAMS.

HOWARD W.SAMS & COMPANY

A Division of Macmillan, Inc.
4300 West 62nd Street
Indianapolis, Indiana 46268 USA

CCl1 ISBN: 0-672-08900-9
08900
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4-BY-4 REGISTER FILE, OPEN COLLECTOR OUTPUT

16-LEAD DIP, SEE DIAG 249

NTE74170, NTE74L8170

Data D 2—

Data D 3—

Data D 4—

Read Select R B—
Read Select R A—
Output Q 4—
Output Q 3—
Gnd—

oONOOEWON -

—Vce

—Data D 1
=W A

W B

I—Write Enable
-Read Enable
—Output Q 1
—Output Q 2

4-BIT D-TYPE FLIP-FLOP W/3-STATE OUTPUTS
18-LEAD DIP, SEE DIAG 249

NTE74173, NTE74LS173A

U
Output Control M—| 1 16 —Vce
Output Control N—| 2 15 |—Clear
Output 1 Q—|3 14 |—Data Input 1 D
Output 2 Q—| 4 13 |—Data Input 2 D
«  Output 3 Q—|5 12 |—Data Input 3 D
Output 4 Q—|6 11 |—Data Input 4 D
Clock—|7 10 |—Data Enable Input G 2
Gnd—|8 9 |—Data Enable Input G 1

4-BIT D-TYPE FLIP-FLOP W/3-STATE OUTPUTS

HEX D-TYPE FLIP-FLOP W/SERIAL RAILOUTPUTS AND COMMON

16-LEAD DIP, SEEDIAG249 | DIRECT CLEAR 16-LEAD DIP, SEE DIAG 249
NTE74C173 NTE74174, NTE74C174
NTE74L8174, NTE748174
i U
Output Disable—| 1 16 |—Vce Clear—|1 16 —Vce
Output Disable—| 2 15 |—Clear 1Q—|2 15 —6 Q
Output A—|3 14 —Input A 1D—(3 14 —6 D
Output B—| 4 13 |—Input B 2 D—|4 135D
Output C—|5 12 —~Input C 2Q—|5 125 Q
Output D—|6 11 ~Input D 3 D—|6 114D
CP—|7 10 (—Data Input Disable 3Q—|7 104Q
Gnd—|8 9 —Data Input Disable Gnd—|8 9 —Clock
QUAD D-TYPE FLIP-FLOP W/COMMON DIRECT CLEAR AND
COMPLEMENTARY OUTPUTS 16-LEAD DIP, SEE DIAG 249 PRESETTABL_E COUNTERAATCH 14-LEAD DIP, SEE DIAG 247
NTE74175, NTE74C178
NTE74L.8175, NTE748175 NTE74176 (Decade)
NTE74177 (Binary)
U U
Clear—| 1 16 —Vce Count/Load| 1 14 —Vce
18:2 15—-48_ QC—|2 13 |—Clear
1 3 14 |—4 Data Input C—|3 12+—-QD
1 D—|4 134D Data Input A—| 4 11 (—Data Input D
2D—|5 12}—3 D QA—|5 10 |—Data Input B
2Q—|6 11}1-3Q Clock 2—|6 9+QB
2Q—|7 10 —3 Q Gnd—|7 8 (—~Clock 1
Gnd—|8 9 |—Clock
UNIVERSAL SHIFT REGISTER 4-BIT UNIVERSAL SHIFT REGISTER W/DIRECT 9-BIT ODD/EVEN PARITY GENERATOR/CHECKER
14-LEAD DIP, SEE DIAG 247 | CLEAR 16-LEAD DIP, SEE DIAG 249 14-LEAD DIP, SEE DIAG 247
NTE74178 NTE74179 NTE74180
U U U
B—|1 14 —Vce Clear—| 1 16 —Vee G—|1 14 —Vee
A—|2 13 |—input C Input B—| 2 15 |~Input C H—|2 13 |—~Input F
Serial In—|3 12 p~Input D Input A—|3 14 —Input D Even Input—|3 12 —~Input E
Q A Output—| 4 11 |=Shift Serial In—| 4 13 —Shift Odd Input—| 4 11 |~Input D
Clock—| 5 10 (—Output Q D Q A Output—|5 12 |—-Output @ D L Even Output—| 5 10 —Input C
Q B Input—| 6 9 (—Load Clock—| 6 11 —Output Q D Z Odd Output—| 6 9 |—Input B
Gnd—|7 8 —Output Q C Q B Output—| 7 10 }—Load Gnd—|7 8 |—Input A
Gnd—|8 9 —OutputQ C
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| 8-LINE-TO-3-LINE OCTAL, PRIORITY ENCODER 1-OF-16 DATA SELECTOR/MULTIPLEXER 1-OF-8 DATA SELECTORMULTIPLEXER
j 16-LEAD DIP, SEE DIAG 249 24-LEAD DIP, SEE DIAG 252 16-LEAD DIP, SEE DIAG 249
NTE74148 NTE74150 NTE74C181
NTE74L8148 U
Data Input 7—| 1 24 —~Vcc
U Data Input 6—| 2 23 (—Data Input 8
Input 4—| 1 16 |—Vce Data Input 5—| 3 22 —Data Input 9 g b )
Input 5—| 2 15 |—Output EO Data Input 4—| 4 21 |—Data Input 10 | Data Input 3—| 1 16 |—Vece
Input 6—| 3 14 |—Output GS Data Input 3—| 5 20 —Data Input 11 | Data Input 2—|2 15 (—Data Input 4
Input 7—| 4 13 —Input 3 Data Input 2—| 6 19 —Data Input 12 | Data Input 1—|3 14 |—Data Input 5
Input E1—| 5 12 |~Input 2 Data Input 1—|( 7 18 |—Data Input 13 | Data Input 0__| 4 13 |—Data Input 6
Output A2—| 6 11 |—Input 1 Data Input —| 8 17 |—Data Input 14 Output Y—|5 12 |—Data Input 7
Output A1—|7 10 |—Input 0 trobe—| 9 16 (—Data Input 15 Output W—| 6 11 |—Data Select A
Gnd—|8 9 —Output A0 W Output—| 10 15 —Data Select A trobe—| 7 10 |—Data Select B
D Data Select—| 11 14 —Data Select B Gnd—|8 9 |—Data Select C
Gnd—( 12 13 |—Data Select C
1-OF-8 DATA SELECTOR/MULTIPLEXER 1-OF-8 DATA SELECTOR/MULTIPLEXER 14-LEAD DIP, SEE DIAG 247
16-LEAD DIP, SEE DIAG 249 ;
NTE74151
NTE74L8151
NTE748181 NTE741582
2 Data Input 4—] 1 R ke
Data Input 3—| 1 16 —Vee Data Input 3—|2 13 |—Data Input 5
Data Input 2—| 2 15 (—Data Input 4 Data Input 2—|3 12 |—Data Input 6
Data Input 1—|3 14 |—Data Input 5 Data Input 1—|4 11 |—Data Input 7
Data Input §—| 4 13 —Data Input 6 Data Input @— 5 10 |—Data Select A
Output Y—| 5 12 (—Data Input 7 W Output—| 6 9 |—Data Select B
Output W—| 6 11 —Data Select A Gnd—|7 8 I—Data Select C
Strobe—| 7 10 —Data Select B
Gnd—|8 9/|—Data Select C

DUAL 4-LINE-TO-1-LINE DATA SELECT ORIMULTIPI_.EXOR 16-LEAD DIP, SEE DIAG 249 4-LINE-TO-16-LINE DECODER/DEMULTIPLEXER
NTE74183 24-LEAD DIP. SEE DIAG 252
gt o NTE?74184, NTE74C154
U
U i gutput o 1 54 .—?/cc %
Strobe 1G—| 1 16 —Vee utput 1—| 2 3 [—Input
B Select—| 2 15 |—Strobe 2G Output 2—| 3 22 (—Input B
Data Input 1C 3—|3 14 |—A Select Output 3—| 4 21 —Input C
Data Input 1C 2—| 4 13 |—Data Input 2C 3 Output 4—| 5 20 t—Input DG
Data Input 1C 1—|5 12 |—Data Input 2C 2 Output 5—| 6 19 |—Strobe G2
Data Input 1 C @—|6 11 (—Data Input 2C 1 Output 6—| 7 18 (—Strobe G1
Output 1Y—|7 10 |—Data Input 2C @ Output 7—| 8 17 —Output 16
Gnd—|8 9 utput 2Y Output 8—| 9 16 —Output 14
r—o Output 9—|( 10 15 —Output 13
b Output 10—| 11 14 |—Output 12
1Gnd—| 12 13 |—Output 11
DUAL 2-LINE-TO-4-LINE DECODER/DEMULTIPLEXER W/TOTEM POLE QUAD 2-LINE-TO-1-LINE DATA SELECTORMULTIPLEXER B
OUTPUTS 16-LEAD DIP, SEE DIAG 249 | W/INVERTED DATA OUTPUTS 16-LEAD DIP, SEE DIAG 249
NTE74155, NTE74AL8155 NTE74158
NTE74156," NTE74L8156* NTE74L8158, NTE748158
= U
Data 1C—| 1 16 —Vcc Select—| 1 16 —Vce
Strobe 1G—|2 15 (—Data 2C Input 1A—|2 15 —Strobe
Select Input B—|3 14 |—Strobe 2G Input 1B—|3 14 —Input 4A
Output 1Y 3—|4 13 (—Select Input A Output 1Y—| 4 13 (—Input 4B
Output 1Y 2—|5 12 |—-Output 2Y 3 Input 2A—| 5 12 —Output 4Y
Output 1Y 1—|6 11 —Output 2Y 2 Input 2B—| 6 11 —Input 3A
Output 1Y §—7 10 (—Output 2Y 1 Output 2Y—|7 10 f~Input 3B
Gnd—|8 9 |—Output 2Y @ Gnd—|8 9 |—Output 3Y
*74156, 74LS156 Have Open Collector Outputs
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m‘m’i'n. miucm
- NTETALS187, NTE748187,

i L U #out
' Select—| 1 16 —-Vee '
vitoJInput 1A—|2 A5 |--Strobe’ .
Input 1B—|3 - 14 |=Input 4A
“ 1Y Output—| 4 ! 13 ~Input 4B
; Input 2A—| 5 .. 12 —4Y Output S
5 ¢ Input 2B—|6 2 4 11 ~Input 3A; ¢
i A7 2Y Output—|7 1+ 10 |—Input 3B ; 3
O Gnd—| 8 ' 9 H'aY Output

r’}

1 16-LEAD DIP, SEE DIAG 249

" NTET4180; NTE7AC160, NTE74LS160A
'NTE74181, NTE74C161, NTE74L8161A
NTE74162, NTE7ALS162A,
NTE74LS163A, NTE748163
Y Clear— 1. ....-16 -Vecc
Clock—|2... 15 —Ripple Carry Output
Data Inpm A—|3 " 14 —Output Q A
.Data Input B—|4 13 Output Q B
. Data Input C—| 6 12 —Output Q C
-Data Input D—| 6 11 —Output Q D
. .tEnable P—|7 10 —~Enable T
g . Gnd—|8" 9 |—Load
100—Docado. leoct Clear 162—Binary, Synchronous

:161—Binary, Direct Clear 163—Binary, Synchronous Clear

8-8IT PAHALLEL—OUT SERIAL SHIFT REGISTER W/ASYNC CLEAR ¢

14-LEAD DIP, SEE DIAG247

PARALLEL-LOAD 8-BIT SHIFT HEGlSTER WICOMPLEMENTARY OUTPUTS
18-LEAD DIP, SEE DIAG 249

: um«u. NTE74C164, NTE74LS164 . NTE741665. |

A—|1 -V CC Shift/Load—| 1 16 (—~Vce

B—|2 - Q H : . Clock—| 2 .++15 |~Clock Inhibit
QA—|3’ QG Parallel Input Ex~{3... .+ 14 |—Parallel Input D
QB4 —Q F Parallel Input F~{4.. . %13 |—Parallel Input C
QC—|§ —Q E' Parallel InpuhG-—- 5. .2 12 (—Parallel InputB | .,
QD—|6"" L—Clear Parallel |np8.H—~ B/ . . .11 —Parallel Input A
Gnd—|7 —Clock H—{7.: . 10 |—Serial Input

; 4 Gnd——b, o iniy 19 Output
i &lm"“ %
it ) o ;
O-BIT PARAI.LEL TO-SERIALOONVERTER 10-LEADD|P SEE.DIAG 249 ‘ O-BIT PARM.LELORSERIALIN-SERIALOUT SHIFT REGISTER . '
7 i i g gt PN 16-LEAD DiP, SEEDMGEW

] NTI74LO1“

N WON -

B s

Tt

110118 =Vee
—Shift/Load
'3 L't 114 |~Parallel Input H
" 471713 |-Output Q H
g det ‘D—|5 ' /" 12 |~Parallel Input G
' :Clock Inhibjt-— .7 11 |=Parallel Input F
71 Clock— " 10 Parallel Input E
Gnd— f +—Clear
E 3 O S

SYNCHRONOUS PHESETT ABLE BCD DECADE UP/DOWN COUNTER «

]

NT!‘MLM 68A

DHUDNBWN =

16-LEAD DIP, SEE DIAG 249’

I o ST

SYNCHRONQUS PHESETT ABLE MODULO 16 COUNTER
I 16-LEAD DIP, SEE DIAG 249

 NTET4LS100A
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Apple Il: Revisions 0,1,2,3,4,7,RFI
Apple Il plus: Revisions 7,RFI

The listing of any available replacement part herein does not
constitute in any case a recommendation, warranty or guaranty by
Howard W. Sams & Co., Inc., as to the quality and suitability of such
replacement part. The numbers of these parts have been compiled
from information furnished to Howard W. Sams & Co., Inc., by the
manutacturers of the particular type of replacement part listed.
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See page 27.
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ALTERNATE ONE PIECE KEYBOARD ALTERNATE CIRCUIT
s9 $6 $5
e . u2
9 6
TL F‘T L. FJI lr>‘1
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e . e e . INTERFACE
CR 1 u ’_7 E f_r v 38§ O
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4.97v(B) o J R4S
- M
g
4.97V(B)

A PHOTOFACT STANDARD NOTATION SCHEMATIC

LACH CIRCUITRACE!

4

© Howard W. Sams & Co., Inc.

1984

ALTERNATE KEYBOARD w/ENCODER & NUMERIC KEY PAD

SE




TIMING GENERATOR i_—{’[
© PART OF
2N4258 2N4258 UCIL _ 74LSO4N 444V P
1 0SC 2 05t © PART OF 3
¢ v B2 74S86PC — | 7aLs161AN] 3 80y
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LOGIC (MAIN) BOARD GridTrace LOCATION GUIDE ENCODER BOARD Gric¢

A7 A-7 C73 D-9 | R29 J-14 | UF13 F-13 | C1 B-6
B15 B-15 | C74 D-11 | R30 K-13 | UF14 F-14 | c2 B-6
C1 A-1 C75 D-15 | R3] D-1 UH1 H-1 c3 B-6
c2 H-15 | C76 C-15 [ R32 D-1 UH2 H-2 | c4 B-6
c3 F-15 | C77 C-9 | UA2 A-2 UH3 H-3 | c5 B-6
ca A-13 | C78 C-8 | UA3 A-3 UH4 H-4 | C6 B-1
c5 J-13 | C79 C-7 | UAS A-5 UH5 H-5 | c7 B-1
C6 J-13 | C80 B-7 | UA8 A-8 UH7 H-7 | 8 A-5
c7 J-13 | C81 C-5 | UA9 A-9 UH10 H=10 | J1 A-5
c8 J-13 | C82 c-4 | UA10 A-10 | UH12 H-12 | J1A B-1
c9 H-13 | C83 c-3 | LA A-11 | UH13 H-13 | R1 B-6
c10 K-13 | C84 B-1 | UA12 A-12 | UH14 H-14 | R2 A-6
cn J-14 | €85 B-15 | UA13 A-13 | W1 J-1 | R3 B-2
c12 B-14 | C86 A-15 | UA14 A-14 | W13 J-13 | R4 B-2
C13 K-15 | C90 A-1 | UB1 B-1 UK13 K-13 | RS B-1
c14 K-15 | €91 E-5 | UB2 B-2 XT001 A-1 R6 B-4
C15 B-3 €92 A-1 | UB3 B-3 R7 A-1
C16 K-15 | CR J-14 | UB4 B-4 R8 B-2
c17 k-1 | JO J-2 | B5 B-5 R10 B-1
C18 K-3 Ji1 J-4 | UB6 B-6 S1 A-1
Cc19 K-4 J2 J-5 | B7 B-7 B2 B-2
c20 K-6 J3 J-6 | B8 B-8 B3 B-3
c21 K-7 J4 J-8 | B9 B-9 B4 B-4
c22 K-8 J5 J-9 | UB10 B-10 UB5 B-5
c23 K-10 | J6 J-11 | BB11 B-11 UB6 B-6
c24 K-11 | d7 J-12 | UB12 B-12
C25 K-11 | J14 J-14 | UB13 B-13
C26 J-1 J14A J-15 | UB14 B-14
c27 J-3 J14B R-15 | LC1 C-1
c28 J-4 K1 K-1 | UC2 c-2
c29 J-6 K13 K-13 | UC3 c-3
C30 J-7 K13A K-13 | UIC4 C-4
3 J-8 K14 K-14 | UC5 C-5
C32 J-10 | L1 H-15 | IC6 C-6
€33 J-11 | L2 E-6 | UC7 c-7
C34 K-5 L3 J-2 | UC8 Cc-8
c35 K-11 | L4 J-1 [UC9 C-9
C36 K-3 L5 J-1 | UC10 c-10
€37 K-7 L6 K-13 [ UCT] c-n
c38 J-15 | L7 K-14 | UIC12 C-12
C39 E-1 Q1 A-1 | UC13 C-13
c40 D-1 Q2 A-1 | C14 c-14
(o3 c-1 Q3 J-15 | D2 D-2
c42 K-3 Q4 J-14 | D3 D-3
C43 K-6 Q5 A-13 | UD4 D-4
c44 K-7 Q6 F-13 | D5 D-5
C45 K-8 R1 A-1 | UD6 D-6
C46 K-10 | R2 A-1 | UD7 D-7
c47 K-5 R3 A-1 | D8 D-8
c48 K-6 R4 A-1 | UD9 D-9
c49 K-8 R5 F-15 | D10 D-10
C50 K-10 | R6 J-15 | UD11 D-11
C51 K-11 | R7 J-15 | D12 D-12
C52 K-2 R8 J-15 | UD13 D-13
C53 K-2 R9 J-15 | D14 D-14
c54 H-2 R10 K-14 | UE3 E-3
C55 H-15 | R11 J-15 | UE4 E-4
C56 F-15 | R12 B-3 |UES E-5
c57 F-2 R13 B-3 |UE6 E-6
C58 E-3 R14 A-13 | LE7 E-7
C59 E-4 R15 K-13 | UE8 E-8
c60 E-5 R16 J-13 | LE9 E-9
C61 D-5 R17 K-13 [ UE10 E-10
C62 D-7 R18 K-14 | UET1 E-1
C63 E-8 R19 J-13 | LE12 E-12
C64 E-9 R20 J-13 [ UE13 E-13
C65 E-11 | R2] J-13 | LE14 E-14
C66 E-15 | R22 J-13 | UF2 F-2
c67 D-3 R23 J-13 | UF3 F-3
C68 D-4 R24 J-14 | UF5 F-5
C69 D-5 R25 B-14 | UF6 F-6
c70 c-5 R26 A-13 | UF8 F-8
(WA D-7 R27 F-14 |UF11 F-11
c72 D-8 R28 B-3 |UF12 F-12
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PIN1 PIN1T PIN1 PIN'T PRINT PINT PINT PINT PINT PINT q PIN1T PIN1 PINT PN1 PINA q F P 4
UC5 UC4 yc3 UCYt  uC2 UE7T UE6 UES UE3  UE4 UH5 UH4  UH1 UH2 UH3
NN /A VAV G N W ”

ojoyd FERXZTIRETeY swes ‘M Piomoy v

UES UETD UEN

ucit uC1z Uuc13 uci4
Gt PINT PIN1 PINt

PINT PIN1 PIN1T PIN1 PINT

UEB
PIN 1

UE12 UE14 UE13 UHI0 g B UH14 UH13 UH12Z g ¢ E
PIN1T PINT PINT PINT a6 PINT PINT PNt a3 04




UIDES & SCHEMATIC NOTES

13
p—
Vee | 24
1 "
N |2 : 2
~ 4 n
A9 |2 5 10
¢ M Y6502 8041
A8 |21 / 8 [ =]
UB3, UBA, UBS 1| vss RES|40 e X040
(ENCODER BOARD,
AT TOP VIEW ) 2|RDY @2 [®OUTPUT 2 [NC Xl{»
Al OUTPUT 3|01 S0 |38 3|NC Xxz|3
e mc17a1cP 4 |iRQ 00 |37 INPUT 4 [AKO X3|37
MY ofeser Nl s sIne N [36 s|ne xa |36
A3j16 HUL — =
6 [NMI NC |35 6|B9 X535
INVER Vee
Azl eyt ? ! +|se R |4 1|8 X6 |34
AL yon s OUTPUT  y fyec 00 |» 8|87 X1[3
INV
NClB iNpuT ola B
0 D1 |32 9186 X832
5 «| oo 5 OFF SEN - St SCHEMATIC NOTES
M NuL 10 AL 02 |n 10185 peay [
VIEW UK13 _ 8w —»—Circuitry not used in some versions
e A2 03 |30 |84 vee |30 freut > \
TOP VIEW _ --~-Circuitry used in some versions
12| A3 D4 |2 12|B3 SHIFT |20 e See parts list
ILSI61AN SN74166N B |A4 05 (2 blez  cowmous % Nominal value
= P 5
" veo|s VISERIAL T veeis s 06 |z w6l we|n = Ground . . _ _
INPUT Item numbers in rectangles appear in the alignment/adjust-
Kk RIPPLE| 15 gupyr 2|A SHIFTI s 15| a6 07 |2 15 |GND Y9 |2 t instructi ( ,
CARRY LOAD DATA ment ins ructions.
OA ke ol il a5 o s Supply voltages maintained as shown at input. (@]
08| afc Qi |8 Ald|2s 17{yo v7 |2 Voltages meaSLflred with digital meter.
OUTPUT i ifi i i
oc iz ol cle whe il sl 6 |» Terminal identification may not be found on unit. b
Voltages and Waveforms taken with Integer Basic in ROM :
CLOCK Fln 19 |A10 Al12|z2 19|Y2 Y5 |2 N . -
et * |Invibir " and in Monitor mode unless noted. Waveforms taken with g
7|10 ENABLE Tlotock  E w0 @A hind oM i triggered scope and Sweep/Time switch in Calibrate position, g
Ar—— UH7 UB6 : 1 "o m
LOAD| 9 s[GND  CLEAR| 9 MICROPROCESSOR INTERFAGE scope input set. for DC coppllng on 0" reference voltage LLE
THRU UD14 UA3 TOP VIEW (ENCODER BOARD) waveforms. Switch to AC input to view waveforms after DC  ¢n @
f{i‘: € COUNTER :5&&?2‘.{” reference is measured when necessary. Each waveformis9 = :
DP VIEW TOP VIEW cm width with DC reference voltage given at the bottom line = m
S257AN of each waveform. Time in psec. per cm, given with p-p 2
SN74LS259N reading at the end of each waveform.
~ vee |1 c
STR- A Vee |16 i
08 |, ! " 9334PC Resistors are 1/2W or less, 5% unless noted. v
al, LA f2]e CLEAR |15 Lo Vec | Value in () used in some versions.
m ]INPUI 3|C G |M ENABLE
18 oo o|p oATA Tk NOTE: Logic probe readings taken after just turning com-
Lavf, | N 2 |AL puter on (power-up) unless otherwise noted. Unit with
SELTY oureur]’ | ¢ S]__L,, integer BASIC in ROM and without Auto-start ROM
INPUT 6]Q2 Q6| n Bl used for logic probe readings.
381 ouTPUT 5|2 g
N 103 0s[w0 NOTE: RFI Revision with computer in Monitor mode.
3, oleno uls mk (1) Reading goes high when a key is pressed.
m = gL (2)  SHIFT, CTRL, REPT and RESET keys have no ef-
{'z,uun' 8 BIT ADDRESSABLE LATCH _QJ_ . fect.
rotune TOP ViEW PorT | |, 8|, (3 Reading goes high when SHIFT key is pressed.
0P VIEW Augo]ﬁ[p;:ﬁr ’TL\C_. PORT  (4) Reading goes high when CTRL key is pressed.
Tusaspe eyt s (5)  Probe will show a pulse when a key is pressed.
OUTPUT 1 |52 vee [16 1| sy oND |16 o 18 (6) Measured after pressing SPACE BAR on keyboard.
ol ithe . - ik | ’ (7) Low in Graphics mode.
- 85 (8) Probe will show P while Loading a program from tape.
! 3 [h2 A3 u 3 [WR DATA |14 118 (9)  Probe will show P while Saving a program on tape.
! ouTPUT4 |S1 S3|BOUTPUT 4 | Ras A6 | L_b/\}_]t; B (10)  Probe will show P while beeping the on-board speaker.
1 i . &
E s [A1 A4 12 s [as A2 |2 1 J'ILL\L. g;; grobe will show H while Loading a program from tape.
i pen.
Bl 4 (1 <
! ¢ 8 s1M i . 57" (13)  Used only with Apple Il plus.
E ARy 1 co S4|10OUTPUT 5 Ja3 AQ |10 1 (14)  With Auto-start ROM.
: ¢ lonp cale gﬁi;nv o — %*.‘s‘im° - (15) Readings taken with P and REPT keys depressed.
L s oom Jogic eneLdisplay
B TOP VIEW ﬂgg:sgﬁg&lg 10| GND L = LC?W
i s o
TOP VIEW P = Pulse
COMPUTERFACTS-OF-THE-MONTH SET NO. CF1 FOLDER CC 1 1




GENERAL OPERATING INSTRUCTIONS

POWER UP

The computer will come up in Basic mode when
turned on if it has an Auto-start ROM. The
unit will come up in Monitor mode with an * in
the Tower left corner of screen if it does not
have an Auto-start ROM.

FROM MONITOR TO BASIC

Hold down the CTRL key and type C, then press
RETURN key (any Basic program in memory, be-
fore going to Monitor mode, will remain in
memory).

Hold down the CTRL key and type B, then press
gET?RNtyey (any Basic program in memory will
e lost).

FROM BASIC TO MONITOR
Type CALL-151 and press RETURN key.
RESET BUTTON

On some models the operation of the RESET key
degends on the position of CTRL/Reset Switch
(S1) located on top left side of the keyboard
encoder board. If Switch (S1) is in CTRL
position, the CTRL and RESET keys must be
pressed at the same time. If Switch (S1) is
in Reset position, the RESET key functions
without the CTRL key.

BOOTING THE DISK OPERATING SYSTEM (DOS)

Insert an initialized disk (diskette) con-
taining DOS into disk drive number 1. If the
unit is equiaﬂfd with an Auto-start ROM, it
will boot automatically when turned on and
come up in Basic mode. If the unit does not
have an Auto-start ROM, it will come up in
Monitor mode when turned on. Type C600G and
press RETURN to boot from Monitor mode, or
type 6 CTRL P and press RETURN (press the CTRL
key while typing Pr

To boot from Basic, type PR #6 or IN #6 and
press RETURN. If there is no disk in the

drive, the drive can be stopped by pressing
thz #ESET key or CTRL and RESET keys on some
models.

OPERATING THE DISK SYSTEM

(Basic Mode Only)

Type CATALOG and press RETURN key to get a
list of programs on the disk.

Type LOAD and program name, press RETURN key
to load a program from disk.

Type SAVE and program name, press RETURN key
to save a program on disk.

The type of data saved on a disk is identified
by the first letter on each program in the
catalog (A=Applesoft, I=Integer, B=Binary,
T=Text, R=Relocatable binary).

A blank disk must be initialized before it
will function. To initialize a disk, boot the
disk operating system from a disk containing
DOS and put the blank disk in the drive. Type
INIT HELLO and press RETURN. The disk will be
initialized when the drive stops.

CASSETTE OPERATION

- Record mode,

Connect the microphone cable from the recorder
to the Cassette Out jack on the computer.

Connect the speaker cable from the recorder to
the Cassette In jack on the computer.

To Save a Basic program put the recorder in
type SAVE and press the RETURN
key. The program has been saved when the
second beep is heard.

‘To Load a Basic program set the tone control
‘to the high end and adjust the volume to just
audible. Type LOAD and press RETURN. Set the
cassette to the beggnning of the program and
press the PLAY button on the recorder. When
second beep is heard, the program has been

loaded.
TROUBLESHOOTING
MICROPROCESSOR CHIP (CPU) OPERATION a6y
Verify the processor is working by checking 10us
the signals on the address lines (pins 9 thru
20 and 22 thru 25) and the data lines (pins 26 oV

thru 33) with a logic probe or a scope. If a
10?1c probe is used, it should show pulses on
all pins except pins 16 and 18 which will read
low when the computer is first turned on. To
verify the operation of pins 16 and 18, con-
nect the logic probe to the pin being checked
and press the RETURN key. The logic probe
should indicate pulses when the RETURN key is
pressed. If a scope is used, the waveforms on
the address lines, except for pins 16 and 18,
should be similar to Figure 1. The waveforms
on the data lines should be similar to Figure

CRYSTAL OSCILLATOR

Connect a frequency counter to pin 10 of IC
(B2) to check the frequency of the oscil-
lator. The counter should read 14.31818MHz.

12

DC Reference

4,6V
10us

ov
DC Reference

Figure 2

OSCILLATOR DIVIDERS

Check the operation of the frequency divider
IC's by checkiq? the waveforms on pin 3 of IC
(UA2), pins 2, 3, 6, 7, 14 and 15 of IC (UB1),
7522$ of IC (UB2) and pins 12 thru 15 of IC



TROUBLESHOOTING (Continued)

VIDEO SIGNALS

LIWMINANCE: Verify the operation of the
luminance part of the video by checking the
waveform at pin 5 of IC (UB10).

SYNC: Verify the
cuits by checking
(uCc13).

COLOR: Verify the operation of the color cir-
cuits by checking the waveform at pin 12 of IC
(uB12). Note: The computer must be in
Graphics mode to get a color signal.

PERIPHERAL I/0 SLOTS

geration of the sync cir-
e waveform at pin 8 of IC

To verify the operation of the seven 1/0
slots, check pin 1 of each slot. Type PR# and
the number of the slot being checked. Check
for waveform shown in Figure 3 by connecting
scope to pin 1 of the respective I/0 slot.

4,3V
20us

ov
Ll DC Reference
Figure 3.

CHECKING ROM AND RAM CHIP SELECT LINES

Turn on the computer and select the Monitor
mode See ‘“General Operating Instructions”.
The chip select 1ines for the ROM at pins 20 &
21 of IC (UF8) and RAM at pin 15 of IC (UE3
thru UE10) should now show pulses on a logic
robe. To check the rest of the chip select
ines, use the chart below. Type the number
given in the Enter column, press the RETURN
key and check the pin number given for the
IC's listed with a logic probe.

NOTE: If the Disk Operating System has been
loaded into RAM, IC‘'s (UE3 thru UE10) will
show pulses on pin 15 while IC's (UD3 thru
UD10) are being checked.

PIN
ENTER Ic NUMBER

4000.7FFF UD3 thru UD10 15

8000.BFFF UE3 thru UE10 15
D000.D7FF ROM UDO 20,21
D800.DFFF ROM UD8 20,21
E000.E7FF ROM UEO 20,21
E800.EFFF ROM UE8 20,21
FO00.F7FF ROM UFO 20,21

CHECKING SOFTWARE SWITCHES FOR TEXT, GRAPHICS

AND GAME I/0

Check the software switches usin? the fol-
lowing table and a logic probe. f the com-
puter is in Monitor mode, type the hex number
found in the Monitor column and press the
RETURN key. If the computer is in Basic mode,
type the word PEEK, then type (within paren-
theses) the number found in the Basic column
and press the RETURN key. The 1logic probe
should read the same as the reading found in
the Logic Probe column.

UF14 LOGIC
PIN MONITOR BASIC PROBE
GRAPHICS OR 4 €050 -16304 L
TEXT AND GRAPHICS
ALL TEXT 4 C051 -16303 L
ALL GRAPHICS OR 5 €052 -16302 L
ALL TEXT
TEXT AND GRAPHICS 5 €053 -16301 H
SELECT PAGE 1 6 €054 -16300 L
SELECT PAGE 2 6 C055 -16299 H
SELECT LO-RES 7 €056 -16298 L
SELECT HI-RES 7 c057 -16297 H
GAME CONTROL OUTPUT D 9 €058 -16296 L
GAME CONTROL OUTPUT 0 9 €059 -16295 H
GAME CONTROL OUTPUT 1 10 CO5A -16294 L
GAME CONTROL OUTPUT 1 10 €058 -16293 H
GAME CONTROL OUTPUT 2 11 C05C -16292 L
GAME CONTROL OUTPUT 2 11 C05D -16291 H
GAME CONTROL OUTPUT 3 12 CO5E -16290 L
GAME CONTROL OUTPUT 3 12 CO5F -16289 H
CHECKING INPUTS FOR GAME SWITCHES o
To use software to check the input circuits O
for the game switches, type in the following
Basic program. Using the chart, connect the b
input pin listed under J14 Pin Number column
to be checked to the point listed under Con-
nect To column. Run the program and type in
the number given in the Address column and =
press the RETURN key. If the input pin being ©
checked is connected to ground, the program 2
should print out X = 127 (or less). If the r=
input pin is connected to 5V the program @
should print out X = 128 (or more). =
10 PRINT "ADDRESS ="; b
20 INPUT Y -
30 X = PEEK (Y) 7
40 PRINT "X = ";X
50 GOTO 10
J14 PIN CONNECT
SWITCH  NUMBER T0 ADDRESS
SWO 2 Ground (J14 Pin 8) -16287
SWO 2 5V (J14 Pin1) -16287
SW1 3 Ground -16286
SW1 3 5V -16286
SW2 4 Ground -16285
SW2 4 5V -16285
CHECKING GAME PADDLE TIMERS
Connect game paddles to the timers to be
checked, or connect a 150K ohm resistor from
the paddle input to be checked (J14 pins 6,
10, 7 or 11) to +5V (J14 pin 3). Run the
following program to trigger the timers and
check for the waveform shown in Figure 4 at
the timer output (UH13 pins 1, 16, 9, 8). If
paddles are used the paddles should be set for
Maximum resistance.
10 X = PEEK (-16272)
20 GOTO 10 1.0V
2ms
ov
DC Reference
Figure 4
13
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TROUBLESHOOTING (Continued)

Check the operation of the multiplexer IC
(UH14) by entering the following program with
the number of the paddle being used (0, 1, 2
or 3) in parentheses in 1ine 20 of the program.

10 X = PEEK (-16272)

20 Y = PDL (0)

30 PRINT "Y = ";Y

40 FOR A = 1 TO 400: NEXT B
50 GOTO 10

The value for Y (which appears on Monitor
screen) should vary between 0 and 255 as the
paddle is varied from MINIMUM to Maximum
resistance.

CHECKING GAME STROBE

Enter the two line program given in "Checking
Game Paddle Timers" and check for strobe
pulses at pin 5 of J14 with a logic probe.

ADJUSTMENTS

Suggested Alignment Tools GC ELECTRONICS
C3ieeeecnsnsascancaasnsssssessd000,8276,9089

VIDEO OUTPUT LEVEL

Connect a scoie to the video output jack.
Hold the REPT key and P key down to fill the
screen with characters if the screen is
blank. Set the horizontal sweep on the scope
to 10us range. Adjust the Video Level Control
(R11) for 1.5V, peak-to-peak reading on the
scope. See Figure 5.

1.5V

ov
DC Reference

Figure 5

. colors,

COLOR TRIM ADJUSTMENT

Type in the following program, or load and run
a color demonstration program if available.

10 Z = PEEK (-16304)
=2: X =1

20Y =2

30 COLOR = X

40 FOR A =1T0 5

50 HLIN 0, 39 AT Y

60 Y =Y + 1: NEXT A
70X =X+ 2

80 IF X = 15 THEN END
90 GOTO 30

Adjust the Contrast, Color and Tint Controls
on the monitor for the desired 1ight level and
color. If the picture is unsatisfactory,
adjust Color Trim Control (C3) for the proper
The above program produces the colors
of Magenta, Purple, Grey 1, Light Blue,
Orange, Pink and Yellow.

LINE DEFINITIONS

LDO Thru LD7.....Latched Data Lines
DO Thru D7.....ccccce....Data Lines
A0 Thru Al5...........Address Lines
RAO Thru RA6......RAM Address Lines
RAM Sel....cceeeeeeeees..RAM Select
KBO..::eeseeessssesss.Keyboard Output
SOPT Secveceoscsocssasseossss®byg87V
TRQuveeeeeesesesss Interrupt Request
NMI..........Non-Maskable Interrupt
RDY, ceoeononnooneinsesseesiseupieady
B0..eeeeeecescceeessseessPhase Zero
Pl..cceeeeeececcscssascsssssPhase 1
B o5 5 wus v 50 5 nse e w sassnsRRENEL LS
INH. .ieeeeeesceaoncacasasass Inhibit
1/0 STB.........Input/Output Strobe
DMA......ccc...Direct Memory Access
TAM: o cii o osidio wis so s bin's oiilid e w160 < ¢ LUMHZ
TMiso s unpiv e b o s siv0es o she@iuesed MEZ
COLOR REF...........Color Reference
RAS....eveseses..ROoWw Address Strobe
AX.....0000000000.Address Multiplex
CAS......ce0+.Co0lumn Address Strobe
Q3.....c00....General Purpose Clock
LDPS........Load Parallel To Serial

LD194........Load For Graphics Data
BO e donesilelsesdBéses s HoptzoNtal: 0
Hl..iooeeeeeeeneeasssssHorizontal 1
H2, sc00 0000 asinéosaesdlorizontal 2
B3\, WesassasadniysesssesHordizontal 3
B T ks damee orey s HOZI ZOntal &
B3k «8Glee ad 5h o bidine o' e anHorizontal 5
HPE......Horizontal Parallel Enable
VA.......Vertical Video Address MSB
VB.c.veeeeeo.Vertical Video Address
VC......eeos.Vertical Video Address
VO.....co.....Vertical Video Address
Vi..eeeeeeesVertical Video Address
V2......¢....Vertical Video Address
V3....cee....Vertical Video Address
V4...........Vertical Video Address
V5.......Vertical Video Address LSB
HBL.............Horizontal Blanking
SYNC.....cee0eeeeeq.Synchronization
DOO Thru DO7........RAM Data Output
I/00 Thru I/06.........Input/Output

To Peripherals
DEV O Thru DEV 6.........Peripheral

Device Select

Any Bar above any alphabetical or numerical combination indicates line active

in a low (0) state.
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PARTS LIST AND DESCRIPTION ,
When ordering replacement parts from manufacturer, state Model/Serial/Revision
Number, Item Number, Name and location of part.

SEMICONDUCTORS

ITEM TYPE MFGR.
No. No. PART No.
LOGIC (MAIN) BOARD
CR1 1N914
Q1,2 2N4258
Q3 2N3904
Q4 MPSA13
Q5,6 2N3904
UA2 HD74LSO0P
74LS00 (1)
UA3 SN74166N
74166
UAS 2316B
2513 1)
UA8 TALS257AN
7415257
UA9 AM25L.S151PC
74L5151 )
UA10 TALS194AN
7415194
UATI T4ALSTAAN
T74LS74PC )
74L574
UA12 74LSO2N
74502
UA13 NE555N
555
UA14 T4LSO2N 1)
uB1t SN74S175N
745175PC 1)
745175
uB2 74S86PC
DM74S86N 1)
74586
uB3 NE555N
MC1455P1 1)
uB4 SN74LS194AN
SN74LS194 1)
TALS194APC
uBs 74LS174N
74L5174PC 1)
7415174
uB6é T4LS257AN
DM74LS257N (1)
7415257
uB7 74S5L257AN
SN74LS257AJD S 1)
7415257
uBs T4LS174N
DM74L.S174N a)
7415174
uB9 T4SL194AN
T4LS194APC (1)
7415194

ITEM TYPE MFGR.
No. No. PART No.
UB10 74LS74AN
DM74LS74N 1)
741574
uB1 74L.508PC
741508
UB12 DM74LS1 1IN
74LS11PC ()
74L511
UB13,14 74LS02N
741502
uct 74LS153N
74LS153PC ()
7415153
uc2 SN74S5195N
745195A 1)
745195 (@)
ucs MK4116N=3GP O
Thru UPD416C-2 (1 i
uc1o
uci 741504
SN74LS04N M =
uc12 74LS257AN E;
DM74LS257N ) m
7415257 v
ucts SN74LS51N ]
DM74LS51N M -
741551 -
=
uc14 74L532PC =
741532 a
uD1 (2)
up2 74LS20PC
741520
uD3 MK4116N=3GP
Thru MCM4116AC20 ()
uD10
UPD4116C=2
uo11 74L5161AN
SN74LS161AN (1
7415161
up12 74LS161AN
74LS161PC ()
7415161
uD13 74LS161AN
SNT4LS161AN (1)
7415161
uo14 74LS161AN
74L5161PC
7415161
UE1 (2)
UE2 7415139 (2)
UE3
4116 (M
15
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PARTS LIST AND DESCRIPTION (CONTINUED)
When ordering replacement parts from manufacturer, state Model/Serial/Revision
Number, Item Number, Name and location of part.

SEMICONDUCTORS (cont)

ITEM TYPE MFGR. ITEM TYPE MFGR.
No. No. PART No. No. No. PART No.
UH12 74L.5138PC
UE4 AMO016EPC 4 SN74LS138N )
Thru MCM4116AC20 (1) ;é;géze
UE10 UH13
UEN 74LS153N UH14 SN74LS251N
7415153 74L5251PC (1)
74LS257AN
UE12,13 T4LS153N udi
’ SN74LS153AN (1 ?23;;?357AJDS ()
7418153
UE14 74L5283PC uJ13 74LS74AN
7415283 [ﬂﬁlg?zw )
UF1 (2) UK13 MC1741CP
UF2 SN74LS139N MA741
74L5139PC M
7415139 ENCODER BOARD
8240
i 8032RL () us2 LM5550g1 T
MC1455
1455
i Lo uB3,4 SN74LSOON
8028SN (1)
UF6 8242 741500
(1)
UF8 ggzng ‘ uBS SN74LS04N
8028SP 1 56 ;85?04
U1 8244
8012BA m) KEYBOARD w/ENCODER
UF12 74L5138PC
SN74L5138N ) 831 1N4148 E%;
7415138 i )
u2 (2)
UF13 e e U3 MC1455P1 (2)
7415138 Ua 55
UF14 F9334PC
SN74SL259N () us MM5740 (2)
7415259
i 74LS08PC POWER SUPPLY
SN74LSO8N ) D1 RGP1 58
i | 23 | reeie
H
7415138 32.5 1N4606
Thru
UH3 MC6887P/ D8
MC8TO7P
N8TI7N (1) (3) D9 RGP158
UH4 MC6887P/ D10 RGP10J
MCBT97P D11 1N4606
NBTI7N (1) (3) D12 RGP 158
DB1 KBP=10
UH5 MC6887P/
MC8T97P IC1 T18231
NBT97N (13 Q1 25D467C
UH7 SY6502 Q2
. i % 2eB3e1
UH10 DP8304UN SCR1 2N6395
HBT28N (1) Z1
8728
UH11 MC6889P /
MCBT28P
8T28

(1) Used in all revisions except RFl. (3) Replace with single unit (74LS367) in some versionse.

(2) Used In some versions.
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PARTS LIST AND DESCRIPTION (CONTINUED)
When ordering replacement parts from manufacturer, state Model/Serial/Revision
Number, Item Number, Name and location of part.

CAPACITORS
ITEM MFGR. ITEM MFGR.
No. RATING PART No. No. RATING PART No.
LOGIC (MAIN) BOARD gg jg%
C63 1 50V
c1 .1 50V .
2 47 N470 50V 5% ggg .; gg;
c3 T;‘igglsr 5pF-50pF Cee ey
c4 . )
c5 .022 50V 10% ggg .} ggz
c6 .022 50V 10% ces -1 S0V
c7 .022 50V 10% ces -1 sv
c8 .022 50V 10% c70 ] 50V
51 T ion c72 .1 50V
10 -1 50V cr2 1 50y
cn .1 50V 73 .1 sV
12 .1 50V cr4 1 sov
13 -1 50V 75 -1 sov
E}g '} §8¥ 77 1 50V
16 47 N470 50V 5% E;g .} gg& o
18 .001 50V (79 ] 5oV 3
19 -001 50V cac -] 50V
20 .001 50V 81 ‘1 s0v =L
c21 .001 50V 8z ] S0V
22 .001 50V cas -1 sov
€23 -001 50V ces 1 50y 2
C24 .001 50V cas 1 80V z
25 .001 50V cee -1 80V S
ggg '881 §8¥ C91 1 50V m
€29 2081 ggv 92 .1 50V 3
30 .001 50V =g
c31 001 ggv ENCODER BOARD ; I
32 .001 50V
€33 .001 50V gg .?zgosov F
34 .001 50V 3 |1 8oy 5
€35 .001 50V ce ;1 sov
36 -001 50V s 7 50V
37 .001 50V ce ] 50V
38 .001 50V &7 -1 S0V
39 -001 50V ;
EZ? 83} §8¥ KEYBOARD w/ENCODER
42 -001 50V o :
43 .001 50V c2 o
C44 -001 50V 4 X
C45 .001 50V c )
C46 .001 50V
47 .001 50V POWER SUPPLY
c48 001 50V
: c1 .1 250V
523 '88} §8¥ c3 .0022 400V
. c4 .0022 400V
c51 .001 50V c4 ;0022 4
c52 .001 50V ¢8 79 3
C53 .001 50V ¢ 01 1KY
822 '} §3¥ cn ~22 100V 10%
56 1 50V 17 .022 50V 10%
C57 -1 50V 18 .22 100V 10%
C58 -1 50V 23 01 1KV
59 -1 50V 26 .01 50V
C60 1 50V
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PARTS LIST AND DESCRIPTION (CONTINUED)

When ordering replacement parts from manufacturer, state Model/Serial/Revision
Number, Item Number, Name and location of part.

ELECTROLYTIC CAPACITORS

ITEM RATING MFGR. ITEM MFGR.
No. PART No. No. NATING PART No.
LOGIC (MAIN) BOARD POWER SUPPLY
c5 47 250V
17 10 16V c6 47 250V
c27 10 16V 20% c7 220 10V 20%
c12 1000 10V
ENCODER BOARD C13 1000 10V
Cc14 1000 10V
C15 220 10V
Cl 1 50V g}g 220 10V
1000 10V
KEYBOARD w/ENCODER c20 680 16V
c21 330 16V
c22 330 16V
c7 1 c24 47 250V
C25 47 250V
CONTROLS (All wattages 1/2 watt, or less, unless listed)
ITEM MFGR.
NO. FUNCTION RESISTANCE PART NO. NOTES
R11 Video 200
RESISTORS (Power and Special)
ITEM ITEM
No. RATING Mo, RATING
LOGIC (MAIN) BOARD
POWER SUPPLY
RAO1 Resistor Network 7X1K
R1 NTC 5 Cold
: RAO2 Resistor Network 7X1K
R23 2700 2% 1/4W Metal Film
R24 2700 2% 1/4W Metal Film RAO3 Resistor Network 7X1K
VDR1 VDR
COILS (RF-IF)
ITEM MFGR. ITEM MFGR.
No. FUNCTION PART No. No. FUNCTION PART No.
LOGIC (MAIN) BOARD POWER SUPPLY
L1 RF Choke L1 RF Choke
L2 RF Choke L2 RF Choke
L3 RF Choke L3 RF Choke
L4 RF Choke L4 RF Choke
L5 RF Choke L5 RF Choke
L6 RF Choke L6 RF Choke
L7 Peaking L7 RF Choke
L8 RF Choke
T AC Line Choke
COILS & TRANSFORMERS (Sweep Circuits)
EM REPLACEMENT DATA
No FUNCTION MFGR. OTHER THORDARSON
) PART No. IDENTIFICATION PART No.
T2 Switching Power
T3 Switching Driver
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PARTS LIST AND DESCRIPTION (CONTINUED)

When ordering replacement parts from manufacturer, state Model/Serial/Revision
Number, Item Number, Name and location of part.

FUSE DEVICES

REPLACEMENT DATA
ITEM MFGR. BUSS
DESCRIPTION
No. PART No. PART No. NOTES
DEVICE HOLDER DEVICE HOLDER
F1 2.75A @ 125V
Fast-Acting
SPEAKER
TEM REPLACEMENT DATA
No. TYPE MFGR. QUAM NOTES
PART No. PART No.
B14A 2 1/4" PM, 8 Ohms
MISCELLANEOUS

ITEM MFGR.

No. PART NAME PART No. NOTES
LOGIC (MAIN) BOARD
K13 Jack Cassette Data Input
K13A Jack Cassette Data Output
K14 Socket Composite Video Output
S1,S1A| Switch Part of Keyboard
S2 Switch Part of Keyboard
Thru
S26
S28 Switch Part of Keyboard
Thru
$40
S42 Swi tch Part of Keyboard
Thru
S53
S55 Switch Part of Keyboard
XT100 | Crystal Timing Oscillator

P.C. Board Logic (Main) Assembly

ENCODER BOARD

P.C. B+rd
KEYBAOARD w/ENCODER

S1 Switch
Thru
S12
S14 Switch
Thru
S26
S24 Swi tch
Thru
S40
S42 Swi tch
Thru
S53
S55

P. C. BOARD
NUMERIC KEY PAD
SO Switch
Thru
S15

P.C. Board
POWER SUPPLY
P1/J2 | Cord
P2 Plug
S1 Switch

Encoded Assembly

Part of Keyboard

Part of Keyboard

Part of Keyboard

Part of Keyboard

Part of Keyboard
Keyboard w/Encoder

Part of Numeric Pad

Numeric Keyboard Pad

AC Power
AC Interlock
AC Power On/Off

SNd I1°ll ST13a0NW
37ddV
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PARTS LIST AND DESCRIPTION. (CONTINUED)

When orderlng replacement parts from manufacturer, state Model/Serial/Revision
Number, Item Number, Name and location of part.

CABINETS & CABINET PARTS (When ordering specify model, chassis & color)

~ LOGIC (MAIN) BOARD

PIN | IC iCc IC IC IC IC IC IC IC IC IC IC IC | IC IC IC
NO. | uA2 | UA3 | uAS | uA8 | uA9 | UA1I0 | UATT | UAI2 | UAI3 | UAT4 | UBT | B2 UB3| B4 | BB5 | UB6
1 P P P H P H L H L L H P L H H P
2 P P P P P H H L H H(7) | P P P H L L(6)
3 P L P P P L H L L P P P P P L P
4 P P P P P P L P H P P H H P P P
5 P P P P P P H P H P P P H P P L(6)
6 P P P L P P H P H P P P P P P P
7 L P P L P H L. L L L P L P P P P
8 H L P L L L P L H P L P H L L L
9 L H L P L P P L P P L P P P
10 L P P P L P H H P P P P P P
n H P P H P P P H P P P P P L(6)
12 L P L P P P P L P P P P P P
13 L P P P P P H L P P P P P P
14 H L P P P P H H H P H P (12)| L(6)
15 P P L P L P P H P
16 H L H H H H H H H
17 P
18 L
19 P
20 k
21 H
22 P
23 P
24 H
NOTE: Logic probe readings taken after :]ust
turning computer on (power-up) unless
otherwise noted. Unit with integer
Basic in ROM and without Auto-start ROM
useé- for logic probe readings.
NOTE : Rl-;l Revisfon with computer in Monitor
mode.
(6) Measured after pressing SPACE BAR on
keyboard.
(7) Low in Graphics mode.
(12) Open.
Logic Probe display
L= Low
H = High
P = Pulse
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Measured after pressing SPACE BAR on

keyboard.
Open.
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LOGIC (MAIN) BOARD (Continued)

PIN IC IC IC IC IC IC 1C IC IC IC IC IC IC |IC IC IC
NO. | UD12 [ UD1I3 | UD14 | UE3 | UE4 | UES | UE6 UE7 UES | UE9 | UE10 | UE11 | UE12|UE13 | UE14 | UF2
1 | H H H L L L L L L L L L L L P P
2 |p P P P P P P P P P P P PP P P
3 | H L L P P P P P P P P L P (P P P
4 | L L L P P P P P P P P P P |P P P
5 P H L P P P P P P P P P P P P H
6 H P L P P P P P P P P H P P H H
7 P P H P P P P P P P P P P P P P
8 L L L H H H H H H H H L L L L L
9 | P P P H H H H H H H H P P |P P P
0 [P P H P P P P P P P p L P |P P H
no|p P P P P P P P P P P P L |p P H
12 | P P P P P P P P P P P P P (P P P
13 | p P P P P P P P P P P P PP P P
14 | P P P P P P P P P P P P P [P P P
15 P P P H H H H H H H H L L L P L
16 H H H L L L L L L L L H H H H H
PIN | IC IC IC IC IC IC IC IC IC IC IC IC IC |IC
NO. | UF3 | UF5 | UF6 | UF8 | UF9 | UF11| UF12| UF13 |UF14 | LH1 | UH2 | UH3 UH4 | UH5
1 L L L L L(13)] L P P P (12) | P L L L
2 P P P P P(13)| P P P P (12) | P L P P
3 |p P P P |P(13)| P P P P H P L P |P
4 |p P P P |POI3)[ P J L(8,9)|H P P P P |P
5 P P P P P(13)| P P P H P P P P P
6 P P P P P(13)| P P P L P L L P P
7 P P P P P(13)| P P H L L H L P P
8 P P P P P(13)| P L L L L L L L L
9 P P P P P(13)| P H H(8) |L(14)|L H P P P
10 P P P P P(13)| P H H H L H P P P
1 P P P P P(13)| P H H H H H P P P
12 L L L L L(13)] L H H(10) |H (12) | H P P P
13 P P P P P(13)]| P H H(9) P (12) | H H P P
14 P P P P P(13)| P H H H H H (12) | P P
15 P P P P P(13)| P P P(11) |H H L L L
16 P P P P P(13)| P H H H H H H H
17 | P P P P |P(13)] P
18 H H H H H(13)| H
19 P P P P P(13)| P
20 P H H H H(13)| H
21 P H H H H(13)| H
22 L L L L L(13)| L
23 |p P P P |P(13)| P
24 H H H H H(13)| H
NOTE: Logic probe readings taken after just (17) Probe will show H while Loading a pro-
turning computer on (power-up) unless gram from tape.
otherwise noted. Unit with integer (12) Open.
Basic in ROM and without Auto-start ROM (13) Used only with Apple II plus.
used for logic probe readings. (14) With Auto-start ROM.
NOTE : Ri} Revision with computer {in Monitor
mode.
(8) Probe will show P while Loading a pro-
gram from tape. Logic Probe display
(9) robe will show P while Saving a program L = Low
on tape. H = High
(10) Probe will show P while beeping the on- P = Puise
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LOGIC (MAIN) BOARD (Continued)

ENCODER BOARD

PIN | IC IC IC IC IC IC IC IC IC IC IC IC
NO. | UH7 | UH10 [ UH12 | UH13 [ UH14 w1 w13 UB2 | UB3 [ B4 | UBS | LB6
1 L P P (12) | (12) P H L H H(6) | L(6) | P
2 H P L (12) | (12) (12) | H(10) P(15)| H H(6)| H(6) | P
3 P P P H (12) (12) | H(10) P(15)| L L(6)| H(6) | P
4 H P P H H(8) H H H(18) | L (12)] L(6) | H(15)
5 |(12) | p P H P (12) [L(10) H(15) | L (12) [ H(6) | H
6 |H P H H (8,12) [ (12) | H(10) L H L L(6) | H
7 |P P H (12) | H(8) H L POS)| L L L H
8 |H P L (12) | L L H(9) H L H L(6) | H(6)
9 P L H (12) | P P L(9) H L. H(6) | L(6)
10 | P L H (12) | P P H H L L(6) | H(6
1 P P H H P L H(9) L L H(6) | H(6
12 P P H L (12) P H(9) H H L(6) | H(6)
13 P P H H (12) P H H H H(6) | H(6)
14 P P H H (12) L H H H H(6)
15 P P P (12) | (12) L L
16 L P H (12) | H H L(2,5)
17 P P P
18 L P P
19 P P 4
20 P H P
21 L P
22 | P P S
23 | p 4 S
24 | p P m
-
26 [P P s
26 | P P &
27 P L F—
28 P L(4) p
c
29 P L(3) 7]
30 P H
31 P L
32 P P
.33 P P
34 P P
35 |(12) 4
36 |[(12) P
37 |p P
38 L P
39 P P
40 H P
NOTE: Logic probe readings taken after just (7)  Low in Graphics mode.
turning computer on (power-up) unless  (8) Pprobe will show P while Loading a pro-
otherwise noted. Unit with integer ram from tape.
Basic in ROM and without Auto-st>.:t ROM (9) Probe will show P while Saving a program
used for logic probe readings. on tape.
NOTE: RFI Revision with computer in Monitor (10) Probe will show P while beeping the on-
1 mode.. bidh h K i board speaker.
(M Reading goes high when a key 1S (11) probe will show H while Loading a pro-
presse gram from tape.
(2) Sﬁ;FT CTRL, REPT and RESET keys have no (12) Open
effect. *
(3) Reading goes high when SHIFT key is f}g% #?:ﬂ gﬂlg zlﬁttAﬂpL° 11 plus,
pressed.
(4)  Reading goes high when CTRL key s (1°) Ge3Tiads taken with P and REPT keys
presse .
(5) Probe :111 show a pulse when a key is t°2’f°5"°be display
pressed. v
(6) Measured after pressing SPACE BAR on g " gz ze
keyboard.
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DISASSEMBLY INSTRUCTIONS
CABINET LID REMOVAL

Turn the computer so that the back is facing
you. Place your fingers on the top of the 11
and your thumbs under the 1id's outside edges
and press upward with thumbs until the 1id re-
leases from the cabinet. Sometimes this re-
quires a lot of pressure before it releases.
When the 1id comes 1loose, 1ift it up and
back. See Figure 6,

CABINET TOP REMOVAL

The keyboard and keyboard encoder are part of
the cabinet tqr. To remove cabinet top, re-
move 10 Phillips screws from the cabinet
bottom, four Phillips screws from the rear of
the computer mother board (RFI version only).
Lift the cabinet top up and back to slide the
rear shield (RFI version only) from under the
main board. Disconnect the 16-pin ribbon
cable from the computer mother board. Make
sure to mark the 16-pin plug for proper place-
ment in the mother board. Replace the four
Phillips screws along with the spacer bar at
. the rear of the mother board. Store the cabi-
net screws in the original threaded holes.
See Figure 7.

KEYBOARD AND ENCODER BOARD REMOVAL

See "Cabinet Top Removal" and remove cabinet
top. To remove keyboard and encoder board,
remove screws 1 thru 4, The keyboard and
encoder board can now be removed from the
cabinet top. See Figure 8.

SEPARATE ENCODER FROM KEYBOARD

To separate the keyboard from the encoder
board, squeeze the top of the plastic
separators and ease the board past the
notches. Both plastic separators must be
squeezed to allow for board removal. See
Figure 9.

POWER SUPPLY REMOVAL

The power su rly can be removed b{ removing
four screws F 1 thru 14, Figure 10) from the
bottom. Unplug the power supply plug from the
mother board and remove the power supply.
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DISASSEMBLY INSTRUCTIONS (Continued)

POWER SUPPLY CASE BOTTOM REMOVAL

Remove 10 Phillips screws from the sides of
the power supply case bottom. Use a small
blade screw-driver to pry the case bottom
from the sides and top of the power supply
case.

NOTE: Older units may use eight screws and
two pop-rivet washers to hold the bottom. Use
needle-nose pliers to hold the washers and
drill the pop-rivet washers in the center, use
5/32" drill bit. Replace the pop-rivet
washers after servicing the power supply. See
Figure 11.

POWER SUPPLY BOARD REMOVAL

See the "Power Supply Case Bottom Removal" and
remove bottom. Unplug the wires going to
plugs N and L. Squeeze and remove the DC
power cord grommet from the chassis. Remove
six Phillips screws from the board and 1ift
?ge board from the case. See Figures 12 and

MOTHER BOARD REMOVAL FROM BOTTOM OF CHASSIS
RFI VERSION

Remove the power plug from the mother board
(squeeze the front and back of the plug and
1ift up). Remove sgeaker plug from back (pull
up). Remove four Phillips screws (1 thru 4,
Figure 14) from the back of the board. Pinch
in the plastic retainer tab on the five board
standoffs (5 thru 9, Figure 14) to see-saw the
board past each retainer tab notch. Carefully
see-saw the board up the standoffs until it is
free. CAUTION: Use small steps to avoid
damaging the board.

OLDER VERSIONS

Remove the power plug from the mother board
(squeeze the front and back of the plug and
1ift up). Remove speaker plug from jack (pull
up). Remove 1/4" nut and star washer. Make
sure insulation washer on bottom of 1/4" stud
is retained for reinstallation. Pinch in the
plastic retainer tab on all six of the board
standoffs to see-saw the board past each
retainer tab notch. Carefully see-saw the
board up the standoffs until it is free,
CAUTION: Use small steps to avoid damaging the
board. See Figure 15.
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IC PINOUTS, TERMINAL G
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IC PINOUT DEFINITIONS

A iaive ihiie vl il is 4% 00ees s Address
AKO.........Address Keyboard Output
CE. oo e avoinitiingasnessChip Enable
C8. ¢ cesinnsinwniihisicsias » aCOlp Seledt
CAS......ec...Column Address Strobe
Dieosononins vt biss vibs o sty DALA
Booscusvioencraiicdecs vons scbnable
IRQiceveeeceeessssInterrupt Request
NMI..........Non-Maskable Interrupt

RAS.....cceceee...Row Address Strobe
RDY..cieeeeeensnennnnsaansessssReady
R/M.eeeeeeeeeeansenesess.Read Write
WBard .o diide e sl oo ioiidpoceneseWrite
X Vssuis@nnitises oeone«X Coordinate
Yo onoeaivissones vaimbis Y Coordinate
B0 s iisrniesreinstinicnsssPhase Zero
). i iiiiitenasieiivsssssPhase One

SAFETY PRECAUTIONS

Use an isolation transformer for servicing.

Some semiconductor de-
Drain off any electrostatic charge

Wear a commercially available dischar$-
t

These can generate electrical charges sufficient to

This plug must fit

Never block,

that objects should not be
This could cause shock or equipment

Do not

2, Maintain AC 1ine voltage at rated input.

3. Remove AC power from the computer before servicing or installing electrostatically sen-
sitive devices. Examples of typical ES devices are integrated circuits and semicon-
ductor "chip" components.

4, Use extreme caution when handling the printed circuit boards.
vices can be damaged easily by static electricity.
on your body by touching a known earth g
ing wrist strap device. This should be removed prior to applying power to the un
under test.

5, Use a grounded-tip, low voltage soldering iron.

6. Use an isolation (times 10) probe on scope.

1 Do not remove or install boards, floppy disk drives, printers, or other peripherals
with computer AC power On.

8. Do not use freon-propelled sprays.
damage semiconductor devices.

9. This computer is equipped with a grounded three-pronged AC plug.
into a grounded AC power outlet. Do not defeat the AC plug safety feature.

10. - Periodically examine the AC power cord for damaged or cracked insulation.

11. The computer cabinet is equipped with vents to prevent heat build-up.
cover, or obstruct these vents.

12, Instructions should be given, especially to children,
dropped or pushed into the vents of the cabinet.
damage.

13. Never expose the computer to water. If exposed to water turn the unit off.
place the computer near possible water sources.

14. Never leave the computer unattended or p1ugged into the AC outlet for long periods of
time. Remove AC plug from AC outlet during lightning storms.

15. Do not allow anything to rest on AC power cord.

16.  Unplug AC power cord from outlet before cleaning computer.

17. Never use liquids or aerosols directly on the computer.

Spray on cloth and then apply

to the computer cabinet. Make sure the computer is disconnected from the AC power 1ine.

SN7d 11l ST3A0ON
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Trace LOCATION GUIDE
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POWER SUPPLY 1V
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[SEE PINOUTS, TERMINAL
GUIDES AND SCHEMATIC
NOTES PAGES 11, 26.
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© Howard W. Sams & Co., Inc. 1984
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DATA 1 SELRCT SELECT
4|00 e[ MPUTS 51 G e ‘|8 a2|v «|im |o am 83| 1) weur |“[8 o8|
PR o _ . _ i INPUT OATA OUTPY
s |y 071z ap- 7 ENABLES { s | &2 03 |12 5| o2 s (a1 8212 s oc |12
DATA | | Q _ - _ INPUT
OUTPUT |4 | Afn s S o|e3 o4ju  outpurs{slivz iu o |A0 B1{n sfo on| ]
N z Q . | o | }ourpurs
ENABLE 7S BJ10 22{E‘CT ch— =51 1107 05]10 71v3 22|10 OUTPUT 7 [AZ B0 1o, ENABLE 7|P T |10 ENABLE
8 |GND 9 7|GND L,—‘l 8|GND 06( 9 8 |GND 3|0 8 |GND BZ|9 OUTPUT 8|GND LOAD| 9
- ——
UAY UA11, UB10, U313 UF12, UFI3, UF2 UCL, UEI1THRU UE13 UD11 THRU UD14
870 1 LINE MULTIPLEXER DUAL D TYPE FLIPIFLOP UH2, UH12 DUAL 2 TO 4 LINE DECODER DUAL 4 TO 1 LINE 4 BIT DECADE COUNTER
TOP VIEW WITH PRESET AND CLEAR 370 8 LINE DECODER TOP VIEW MULTIPLEXER WITH CLEAR
“TOP VIEW “TOP VIEW J4LS194AN TOP VIEW TOP VIEW
SN7ALS198AN
7ALS174N SN745175N 74LS194APC SN745195N TJ4LS257AN
~ ~ —_— —— - NB
1 [CLEAR Vee |16 1 [CLEAR Vee |16 1 |CLEAR Vee |16 1} vee f16
1 |CLEAR D ) vee b S SELECT 1] STR.
OUTPUT 2|10 60|15 ouTPUT Rk 2 R 0|15 - oA HELY HOBE |\,
IAL o Pl
N 601 | ] INPUT (3] A 0814 INPUTS |5 [ 08 |1 Ll 3|18 L4A |4
2 —CLEAR CLEAR g3 5 PARALLEL -
Q1 OUTPUTS Y I
4|20 50| CLK paRALLEL |[® oc|n 4|A 0C | 13 OUTPUTS o1 | 48 1
03 033 INPUTS
OUTPUT 5 |2Q 5Q[12 OUTPUT 3 d " ¢ 00|12 paraLLei] | 0D |12 5|28 LA,
- INPUT
6|30 i . B 6|D cLock(n INPUT: 0 [un o}-28] LY
INPU
OUTPUT 730 4Q|w outPUT 5 2 SHIFT 7L $1{%) wooe i) cLock 10 -2 B
LEFT CONTROL SHIFTI n
8|GND  cLOCK| 9 6 02 Q@ n DERiAL 8 {GND 50| 9f INPUTS |GN0  yomp | ° s|GND 9
oK —
UBS, UBS UA10, UB4, UB9 uez = UAB, UA9,
HEX D TYPE ) ao’ 1 4 BIT BIDIRECTIONAL 4 BIT PARALLEL UBS, BT,
FLIPIFLOP WITH CLEAR | SHIFT REGISTER SHIEL SR uci2, ui
TOP VIEW TOP VIEW VIEW QUAD 270 1 LINE
‘ CLOCK THREE STATE MULTIPLEXER
8 GND ' TOP VIEW
SN7ALS25IN
: ouwug Tee L
FLIPIFLOP WITH CLEAR OUTPUT 1 |82
DATA TOP View 2|82
INPUTS |
DATA 3|A2
INPUTS
! i . 1 outpuT4 |51
1 1
, | Logc s POWER SUPPLY i
DATA ! ! L ¥ H T \ s |AL
]
ouTPUTS| ' eme H 2 3 n E i n IDENT so wo ::; i o
| 4 4 B ECB = ° 90 ]
- DATA ! M 10 5 R 123 N ¢ 4 on !
ENABLE 7 SELECT PN . ©{ tV 9o 30 so i
. | QI THRU Q6 ? H $ 0ol Q‘ F \o8/ ta s .1e on] ADYTIN
| BOTTOMVIEW  yao yATZ, UAIA, 8 o 101,030 KAG T [T lo 60 o136 ! s lono
UH14 ' UB1,UB2, UAg 1 | BOTTOM SCRI BOTTOM BOTTOM ! =
870 1 LINE THREE ! UB11 THRU UB14, UCI1, TOPVIEW | 1 VIEW FRONT VIEW VIEW 7] ! Vel
STATE MULTIPLEXER | UC13, UC14, UD2, UH1 | | VIEW BOTTOM VIEW ! 4 BIT FULL
TOP VIEW ! TOP VIEW ;! " N TOP !
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MINAL GUIDES & SCHEMATIC NOTES

31ddV

\ 213
1 |vee vee | 2 N
) OUTPUT 1
2 [ne N |z : i
‘ - 4 )
' NC 9|2 5 10
‘ ’ ¢ : Y6502 8041
: 4" i UB3, UBS, UBS 1| vss RES|40 e Xoje
| ENCODER BOAR
5|02 ALl P iEw o 2 |RoY @2 [soutpur 2 [NC X1|®
l OUTPUT {6 |03 A6 |19 ouTPUT 3|01 S0 |38 3|NC X2|3
| g e mc1741cP «|iRg 00 |37 INPUT 4| AKO kit
8105 MV opeser el s s|nc NC |36 s|NC X436
NUL
, 9 [NC A3|16 o | i NC [35 6|89 X5 (35
INVER Vee
10 |GND A2|15 INPUT 2 L 1]s¥Ne RIW |34 7|88 X6 (34
1 |CE Alf14 m" , 5 OUTPUT o vee 00 |» (@7 X7|1
|QUTPUT 12 |VDD NCs NpuT =
T U ) . SCHEMATIC NOTES
ROM NuL 10|Al 02 [ 10|B5  pELAY |
TORViRW iz ls S, |, —*—Circuitry not used in some versions
TOP VIEW e D - ---Circuitry used in some versions
12|A3 04 |= 12(83 SHIFTI® o See parts list
7 » minal val
TALSIGIAN SN74166N 1A 05 |2 blE2  coNTROL 'f(: g(r)oun: vaiue
TERR SERIAL Vi A5 D6 |27 14|81 VGG |77 = . . . X
ol e vee !ineur . Item numbers in rectangles appear in the alignment/adjust-
E ? ook ERv | ® OuTPUT o Town e B - ment instructions. (@)
[ 3[a on e N Wl slw nis |z w[STROBE Y82 Supply voltages maintained as shown at input. (@)
s 08| ofc QH|s A8 AL4|2a {yo ¥7 [ Voltages fneas.u.red .Wlth digital meter. .
INPUT OUTPUT Terminal identification may not be found on unit.
OATA 1 f¢ oc |12 5 [o 6l a3|z {11 Y6 |2 . - -L.
CLOCK wlAt0 azlz wlv2 v |2 Voltages and Waveforms taken with Integer Basic in ROM =
ofo opn T and in Monitor mode unless noted. Waveforms taken with &
ennaLE 7P 7|10 ENABLE Tlecoek {0 @[l vss [a a1 “ie triggered scope and Sweep/Time switch in Calibrate position, ©
[ sloN0 LOAD|9 s|oND  CERR| 9 wucRoPhaessoR T scope input set for DC coupling on 0" reference voltage E
UDI1 THRU UDI4 VA3 TOP VIEW (ENCODER BOARD) waveforms. Switch to AC input to view waveforms after DC  ¢n
34.‘%'.1 é’f{,‘.? £ COUNTER ﬁg’g‘fs?g{" reference is measured when necessary. Each waveformis 9 =
TP VIEW TOP VIEW cm width with DC reference voltage given at the bottom line =
T4LS257AN of each waveform. Time in usec. per cm, given with p-p :
oL . T Vee | SN7ALSZIN reading at the end of each waveform. c
SHECT ™1 s ' vee |16 )
L | BE |, 4 « 9334PC Resistors are 1/2W or less, 5% unless noted.
LATCH CLEAR |15 Vee |20 i i i
mrm(, " wl, seweer | [® A0 o Value in () used in some versions.
INPUT 3|C G |M ENABLE
TPUTS o "‘L“\ o ol oama TR NOTE: Logic probe readings taken after just turning com-
S L avdy, w 2 AL puter on (power-up) unless otherwise noted. Unit with
INPUTL 2% nl, L i " integer BASIC in ROM and without Auto-start ROM
9 aa }mrur 6|02 6| n — - Bl used for logic probe readings.
1 " e 05|10 ’ NOTE: RFI Revision with computer in Monitor mode.
oo —3Y, a0 A ik (1)  Reading goes high when a key is pressed.
UAB, UA9, ! s 8 (2)  SHIFT, CTRL, REPT and RESET keys have no ef-
3:?;"5}1 8 BIT ADORESSABLE LATCH A )/\] I » fect.
QUAD 2T0 1 LINE TOP VIEW PORT 83 (3)  Reading goes high when SHIFT key is pressed.
THREE STATE MULTIPLEXER Ad B
TOP VIEW "‘2‘3{25';‘.» s 'T-L\Cd PORT  (4) Reading goes high when CTRL key is pressed.
MKAT16N: ; ;
74LS283PC MCM4116BP20 mk (5) Probe will show a puI‘se when a key is pressed.
oureut 1[5z vecls 3 '_'“"'~5v e L (6) Meagured aftgr pressing SPACE BAR on keyboard.
(7) Low in Graphics mode.
2|82 B3 |15 2 | DATA CAS |15 " N o "
85 (8) Probe will show P while Loading a program from tape.
3| A2 A3 e 3|WR OATA[u , —A?—L\C. (9  Probe will show P while Saving a program on tape.
_______ .Eourrun s1 S3[13OUTPUT 4 | Ras 6 | ik (10) Probe will show P while beeping the on-board speaker.
1 . N 1
i s lai e s lns a2 WL (11)  Probe will show H while Loading a program from tape.
{ (12) Open.
N i L ol mk (13) Used only with Apple Il plus.
: lcémﬁvv co S4[100UTPUT 5 |p3 A0 |10 (14)  With Auto-start ROM.
| CHIP ! i i
i 8 |GND L KA PRPTE DisasLe” - (15) Readings taken with P and REPT keys depressed.
- ogio T e diapay
| e o i = Sigh
RAM = i
TOP VIEW UFl4 H Hig
TRANSCEIVER P = Pulse

TOP VIEW
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