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4-BY-4 REGISTER FILE, OPEN COLLECTOR OUTPUT
18-LEAD DIP, SEE DIAG 249

NTETA1T0, NTETALS1TO

| E—
Data D 2—| 1 16 —=¥co
Data D 3—|2 15 —Data D 1
Data D 4—|3 14 =W A
Read Select A B—| 4 13-WB
Read Select R A—| 5 12 —Write Enable
&mul g;-—- B 11 —Read Eramhlu
tput it 1 10 —=Dutput Q 1
Gnd—| B 8 —Output Q 2

4-BIT D-TYPE FLIP-FLOP W/3-STATE OUTPUTS
18-LEAD DIP, SEE DIAG 248

NTET4173, NTETALB1TIA

U
Output Control M—| 1 16 —Veo
Output Control N—| 2 15 —Claar
Output 1 O—| 3 14 |—Data Input 1 D
Qutput 2 00— 4 13 —Data Input 2 D
«  Qutput 3 Q—|5 12 |—Data Input 3 D
Output 4 O—| 8 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/3-8TATE OUTPUTS

HEX D-TYPE FLIP-FLOP W/SERIAL RAILOUTPUTS AND COMMON
18-LEAD DIP, SEE DIAG 249

18-LEAD DIP, BEE DIAG 248 DIRECT CLEAR
NTETACITS NTE74174, NTETAC174
NTETALS174, NTETAS1T4
= M o U
Output Disable—| 1 16 —Veo Clear—| 1 16 —Veco
Qutput Disable—| 2 15 =Cloear 10—|2 15 —6 Q
Output A—|3 14 —input A 1D—|3 14—6D
Output B—| 4 13 =input B 20—|4 13=6D
Qutput C—|5 12 —Input C 20—|5 1250
Output D—| & 11 —Input D 3 D—|6 4D
CP—|7 10 —Data Inputl Disable 30—|7 10 —4 O
Gnd—|8 9 (—Data Input Disabla Gnd—| 8 8 —Ciock
QUAD D-TYPE FLIP-FLOP W/COMMON DIRECT CLEAR AND
COMPLEMENTARY OUTPUTS 18-LEAD DIP, SEE DIAG 240 TSNS SOTEATOH HHLEADOR. SRE ARG
NTETA17T8, NTETAC1TS
NTETALS1TS, NTET4B1TE NTET41TS (Decade)
NTET4177 (Binary)
Clear—| 1 16 =V Count/Load| 1 14 Vo
1 ,8.: 2 15 —4 8' ac—|2 13 =Cloar
1 3 14 —4 Data Input C—|3 12-QD
1D—4 134D Data Input A—|4 11 =Data Input D
2%:5 12 —a QA—|5 10 |—Data Input B
2 6 11 -2 % Clock 2—| & QB
20—|7 1Waa Gnd—|7 8 |—Clock 1
Gnd— B 9 —Clock
UNIVERSAL SHIFT REGISTER 4-8IT UNIVERSAL SHIFT REGISTER W/DIRECT IT ODD/EVEN PARITY GENERATOR/CHEGKER
14-LEAD DIP, SEE DIAG 247 | CLEAR 18-LEAD DiP, SEE DIAG 240 i EN u.?annmﬂ,ssamu?
NTETA1TE NTETA1T NTET4180
U U U
B—|1 14 Ve Clear—| 1 16 —=Veo G—|1 14 —Veo
A—|2 13 —input C B—|2 15 |=Input C H—|2 13 f—input F
Serial In—|3 12 —=input D I 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 @D | Q A Output—|5 12 —Output @D | £ Even Output—|5 10 }—~input C
QB Input—| 6 a Clock—| 6 11 —=Output Q D Imd&mzﬁ 8 —input B
nd—|7 8 —OutputQC GBOLEDUI—? 10 (—Load T 8 —input A
nd—| 8 9 —Output Q C
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74158, TALS158 Have Open Collecor Outputa

8-LINE-TO-3-LINE OCTAL, PRIORITY ENCODER | 1-OF-18 DATA SELECTORMULTIPLEXER 1-0F-8 DATA SELECTORMUL’
18-LEAD DIP, SEE DIAG 249 24-LEAD DIP, SEE DIAG 252 18-LEAD DIP, SEE DIAG 249
NTETA148 NTETA150 NTETAC1B1
NTE74LS148 i
E:In :nputg: 1 24 —Vco
| —— ta Input 2 23 —Data Input 8
Input 4—| 1 16 ~Vee Data Input 5—| 3 22 —=Data Input 9 TOER
Input 5—| 2 15 —Output EQ Data Input 4—| 4 21 {~Data Input 10 | Data Input 3—| 1 18 —Vee
Input 6—|3 14 —Output GS Data Input 3—| 5 20 —Data Input 11 | Dala Input 2—| 2 15 I—Data Input 4
Input 7—| & 13 f=—input 3 Data Input 2—| & 18 —Data Input 12 | Data Input 1—|3 14 |—Data Input 5
Input E1—|§ 12 |—input 2 Data Input 1—| 7 18 |—Data Input 13 | Data Input 0__{ 4 13 |—Data Input 8
Ouiput A2—| 6 11 —Input 1 Dllul?utﬂ— 8 17 —Dalta Input 14 Output Y—|(§ 12 —Data Input 7
Output A1—|7 10 |—Input 0 trobe—| 8 16 —Dala Input 15 W—|8 11 |—Data Salect A
ol S-OuputA0 | W Quiput—]10 14 Do oot B o 1 28 ki
= ]
Gnd—| 12 13 —Data Select C | B i)
1-0F-8 DATA SELECTOR/MULTIPLEXER 1-0F-8 DATA SELECTORMULTIPLEXER 4-LEAD DIAG 247
| 18-LEAD DIP, SEE DIAG 248 " il
NTET4181
NTETALS181
NTET48151 NTET4152
u
| == —
1 14
Data Input 3—11 16 Voo Data m: P 13 [~Data Input §
Data Input 2—|2 15 —Data Input 4 Data Input 2—| 3 12 |—Data Input &
Data Inout 1—|3 14 —Dala Input 5 Data Input 1—| 4 11 }—Data Input 7
Data Input H—| 4 13 —Dasia input 6 Data Input ©— 5 10 |—Dala Select A
e b B oo w&.gpul—u 9 |—Data Select B
O Eirove—|7 10 [-Data Select B = S D
Gnd—|8 8 —Data Select C
DUAL 4-LINE-TO-1-LINE DATA SELECTORMULTIPLEXOR 18-LEAD DIP, SEE DIAG 248 | 4-LINE-TO-18-LINE DECODER/DEMULTIPLEXER
w‘,?“ 24-LEAD DIP. SEE DIAG 252
"m‘"“‘n NTET4184, NTETAC1S4
u
U Output @— 1 24 |—Vee
Strobe 1G— 1 18 —Vee Output 1—| 2 23 —input A
B Select—| 2 15 |—Strobe 2G oo g S reus
Data Input 1C 3—|3 14 [—A Select Output 4 bt
Data Input 1C 2—|4 13 [—Data Input 2C 3 e [ % s G
Data Input 1C 1—|5 12 —Data Input 2C 2 Output L 1 _a—ﬂlrﬂm a
Data Input 1 C P—|8 11 |—Data Input 2C 1 Dutpuig— 7 15_._.:’llrﬂ
Output 1¥—{7 'ID—Da'mtngulRGﬂ D'-ﬂmﬂa: : :g M:E
Gnd—| 8 8 |—Output 2Y WIP“: i 15—0'#4-“3 3
Output 10—| 11 14 —Output 12
| Gnd—| 12 13 —Output 11
DUAL 2-LINE-TO-4-LINE DECODER/DEMULTIPLEXER W/ TOTEM POLE QUAD 2-LINE-TO-1-LINE DATA SELECTORMULTIPLEXER
OUTPUTS 18-LEAD DIP, SEE DIAG 248 | W/ NVERTED DATA OUTPUTS 16-LEAD DIP, SEE DIAG 241
NTET4158, NTETALS188 NTET4158
NTET4158," NTETALS158"* NTETALS188, NTETAS158
T U v
Data 1C—|1 18 —Vec Select—| 1 16 —=Veco
Strobe 1G—|2 15 (—Dala 2C Input 1A—| 2 15 —Strobe
Salect Input B—|3 14 [—Sirobe 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
Cutput 1Y B—7 10 —Output 2Y 1 Output 2Y—| 7 10 {—input 38
Gnd—| 8 9 |—Output 2Y @ Gnd—|8 8 |—Output 3Y
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QUAD 2 TN-LII HTA-'!E-EGTRE“-I-
OUTPUTS

DATA tummmmm 'y
0 mm.wmmn.
/NTETALS18T, NTETAS185T,
u
Select—(1 18 —=Veo
Input 1A—| 2 15 —=Strobe
hmt 3 14 jnpm :;
1Y 4 13 {—lnput
Input 2A—| 5 12 (—4Y Output
i ln&'r!wzg— 6 11 =Input 34
¥ 2Y — 7 10 |—input 38
4 Gnd—| 8 9 —3Y Output

INTER . | == 16-LEAD DiP, BEE DIAG 249
NTE74180, NTET4C180, NTETALS180A
NTE74181, NTETAC181, NTETALS181A
NTET74162, NTETALS102A,
NTETALS183A, NTET48183
U
Pt 18 CAppie Carry 0
—1 2. 15 —Ripple Carry Qutput
Data Input A—|3 14 —Output Q A
Data Input B—| 4 13 —Output Q B
Data Input C—| & 12 —Output @ C
Data Input D—| & 11 —Output O D
¢Enable P—|7 10 }—Enabla T
‘.., Gnd—|8 8 |—Load
180—Decads, Direct Clear 182—Binary, Synchronous

181—8inary, Direct Clear 183—Binary, Synchronous Che

8-8IT PARALLEL-OUT SERIAL SHIFT REGISTER WIASYNC CLEAR
14-LEAD DIP, BEE DIAG 247

NTETA184, NTET4C184, NTETALS184
u
A—|1 14 =Veo
B—{2 13 —QH
QA—|3 ¢ 120G
QB—|4 8 1M1—QF
ac—|8 =% -10QE
QD—|8 = 8 |—Clear
Gnd—| T . 8 |—Clock

PARALLEL-LOAD a-BIT!BHFI‘ REGISTER W/COMPLEMENTARY OUTPUTS
18-LEAD DIP, SEE DIAG 249

NTET4188

—
ShittLoad—| 1 16 =Veo A
Clock—| 2 15 =Clock Inhibit ]
Parallal Input E—{ 3 i+ 14 [ —Parallel Input D .
Paraliel F=|4., /5,13 —Paralilal Input C HE
Paraliel Inpuﬁﬂ.- 5 12 —Paraliel Input B iy
Parallel | H—18,. 11 (—Parallal Input A -
T 10 —Serial “.EM )
Gnd—|8, 9Outpt Q H £
-

8-BIT PARALLEL-TO-BERIAL CONVERTER 18-LEAD DIP, BEE DIAG 249
¥ . NTETALS18S
L ‘: L rJ- 5
g w
‘.,." P11 e e
“ CP1—(2 18
%L Pty
5 P5—|4 | . 13
i Pe~(s" " 12
S_;-‘ 8 11
—|T . 10
Gnd—|8 8

mrmonmmemmrrmnsm
b L sumnmae&mum'

L ';!]'l!hll. NTETALB18S
- 1‘.'1"‘: )
- Bk R, e
Serial Input—|{1 16 Vo
e A—|2 “1; 16 |—=ShiftLoad
g B—{3 ! 114 —Paralial Input H
. A C—|4 13 =Output O H
: D—|58 12 |—Parallel Input G
Clock Inhibit—| & 11 —=Paraliel Inpul F
© Clock—|T7 10 |—Paraliel Input E
Gnd—|8 8 —Claar

SYNCHRONOUS PHEBEITABLE BCD DECADE UP/DOWN COUNTER »

16-LEAD DIiP, SEE DIAG 249
NTETALB188A
U
uB—i1 & 18}-Voo.
CP—[2 . ,15}=TC
PO—(3 .. 14}-Q0 -
1—|4 13101
b B8 iR —Q2.
% Gnd-— n_.i;:_-.- 9-PE - o
J.I . j?& ¥ _r e '“' --.\.L_."‘i fr o . __-_ -f._ =

Ty

SYNCHRONOUS PRESETTABLE MODULO 16 COUNTER b
18-LEAD DIP, SEE DIAG 249 |

NTET4LS180A

R
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LOGIC (MAIN) BOARD GridTrace LOCATION GUIDE ENCODER BOARD Gric

A7 A-7 C73 D-9 |R29 J-14 | F13 F-13 | 1 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 LH1 H-1 | c3 B-6
c2 H-15 | C76 C-15 | R32 D-1 LH2 H-2 | c4 B-6
c3 F-15 | C77 C-9 | ua2 A-2 LH3 H-3 | C5 B-6
c4 A-13 | C78 C-8 | UA3 A-3 LH4 H-4 | C6 B-1
c5 J-13 | C79 C-7 | UAS A-5 UHS H-5 | c7 B-1
c6 J-13 | c80 B-7 | UAS A-8 | M7 H-7 | c8 A-5
c7 J-13 | €8] C=5 | UAS A-9 LH10 H=10 | 01 A-5
ca J-13 | €82 c-4 | UAID A-10 | H12 H-12 | M1A B-1
c9 H-13 | C83 c-3 |[um A-11 | LH13 H-13 | m1 B-6
c1o k-13 | C84 B-1 | UAI2 A-12 | H14 H-14 | p2 A-6
cn J-14 | C85 B-15 | UA13 A-13 | W J-1 | R3 B-2
ci2 B-14 | CB86 A-15 | LATA A-14 | W13 J-13 | R4 B-2
€13 K-15 | CS0 A-1 | 8] B-1 UK13 K=13 | RS B-1
c14 k=15 | €9 E-5 | B2 B-2 | XTOO1 A-1 | RE B-4
C15 B-3 | C92 A-1 | B3 B-3 R7 A-1
Cle k-15 | CR J-14 | LB4 B-4 RE B-2
c17 k=1 Jo J-2 | IBS B-5 R10 B-1
cis k-3 | J1 J-4 | UB6 B-6 51 A-1
c19 k-4 | d2 J-5 | 87 B-7 B2 B-2
£20 K-6 43 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 | LB10 B-10 LB5 B-5
c23 K-10 | J6 J-11 | LB11 B-11 \B6 B-6
c24 k-11 | J7 J-12 | LB12 B-12
c25 k-11 | 14 J=14 | 1B13 B-13
C26 J-1 J14A J-15 | UB14 B-14
cz7 J-3 | J1aB R-15 | IC1 c-1
c28 J-4 Kl k-1 |[LC2 c-2
ca9 J-6 K13 K-13 | LC3 c-3
C30 J=7 K13A K-13 | IC4 c-4
3 J-8 K4 K-14 | L5 C-5
€3z J-10 | L1 H-15 | LC6 C-6
€33 J-11 | L2 E-6 |LUC7 c-7
ci4 E-5 L3 J-2 | C8 c-8
C35 kK-11 | L4 J=1 | LC9 C-9
C36 K-3 L5 J=1 [ LC10 c-10
Ca7 k-7 L6 K-13 | ICN c-1n
c3s J-15 | L7 K-14 | IC12 c-12
c39 E-1 ]| A=1 [ LC13 c-13
C40 D-1 02 A-1 |IC14 c-14
c41 c-1 Bi J=15 | D2 D-2
ca2 K-3 J-14 | D3 D-3
c43 K-6 % A-13 | D4 D-4
c44 k-7 F-13 | LDS D-5
C45 K-8 R1 A-1 | D6 D-6
C46 K-10 | R2 A-1 | UD7 D-7
c47 k-5 | R3 A-1 |LlDE D-8
c48 K-6 R4 A-1 | D9 D-9
c49 k-8B | RS F-15 (D10 D-10
€50 K-10 | R6 J-15 | D11 D-11
€51 K-11 | R7 J-15 | W12 D-12
C52 k-2 | RB J-15 | D13 D-13
c53 K-2 | RO J-15 [ D14 D-14
C54 H-2 R10 K-14 | LE3 E-3
C55 H-15 | R11 J-15 | UE4 E-4
C56 F-15 | R12 B-3 | LES E-5
c57 F-2 R13 B-3 |UEE E-6
cs8 E-3 R14 A-13 | LE7 E-7
c59 E-4 R15 K-13 | LES E-8
Ce0 E-5 R16 J-13 | LES E-9
C61 D-5 R17 K-13 [LEID E-10
ce2 D-7 R18 K-14 [UEN E-1N
Cé3 E-8 R19 J-13 | LE12 E-12
C64 E-9 | R20 J-13 | LE13 E-13
C65 E-11 | R2] J=13 |UET4 E-14
C66 E-15 | R22 J-13 | F2 F-2
C67 D-3 | R23 J-13 |UF3 F-3
C68 D-4 | R24 J-14 |IF5 F-5
C69 pD-5 | R25 B-14 | F6 F-6
c70 C-5 R26 A-13 |LF8 F-8
c7 D-7 R27 F-14 |UFT F-11
c72 D-8 R28 B-3 |UF12 F-12
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i L M 02 |w e DELAY |M

i il Shs alin ™|, —#—Circuitry not used in some versions
TOF VEW B == ~Circuitry used in some versions
uja L gEr SR 5 See parts list
e —— M o | olit  common ¥ Nominal value
i weo | I.ﬂ;i'-“ vee|m  m|ks 0% |7 " el + :J;ruund
tem numbers in rectangles appear in the alignmentfadjust-
i LT o [n Ml wle or |m o s ment instructions.
o s e WW o aa as s " 1I1Mi nis Supply voltages maintained as shown at input.
ile oils Afm v LE Voltages measured with digital meter,
e ouTrUT Y R cle whe ke 5 8 Terminal identification may nol be found on unit.
ool Lot N [ intle " - Voltages and Wavelorms taken with Integer Basic in ROM
i wln and in Monitor mode unless noled. Wavelorms taken with
e Hoos  Ew B i e triggered scope and Sweep/Time switch in Calibrate position,

Loy o Voen  CLEAR| % - AN scope inpul sel for DC coupling on “0* reference voltage
[l;ﬁ mm m‘ims":un Tor view (ENCO0EE BOARD) wavelorms, Switch to AC input to view wavelorms atter DC
I FEGISTER reference is measured when necessary. Each wavelorm is9
bF ViEw TOF witw cm width with DC reference vollage given at the bottom line
15T of each waveform. Time in psec. per cm, given with p-p
,_I"' T et reading at the end of each wavelorm,

L o |
pils LATEH : &Tak il Resistors are 1/2W or less, 5% unless noted,
Lu, e o [0 Yee | Value in () used in some versions,
» ImuT Ve G w0 pme [:E |
T T i oo oam Wl NOTE: Logic probe readings taken after just turning com-
1 slan 0 L —'T‘k puter on (power-up) unless otherwise noted. Unit with
o ourut _ﬁl u integer BASIC in ROM and without Auto-start ROM
| ) Jn-u vloe o[ s Ju | used for logic probe readings.
; 1 e Nrk NOTE: AF! Revision with computer in Monitor mode.
¥ slem il m (1) Reading goes high when a key is pressed.
i Wi . -riu = (2)  SHIFT, CTRL, REPT and RESET keys have no el-
12, ull DN ARCRCSANELAIN Q‘L » lect.
1“ wmfm rout| | M1, (3 Reading goes high when SHIFT key is pressed.
OF ViEW ﬁﬁ"y 1 -rk Fan (4} Reading goes high when CTRL key is pressed,
RSTINC MCHA1 168F20 sl {5)  Probe will show a pulse when a key is pressed,
oureut 1 |42 it [ 1" : _IT_Q {B) Measured aflter pressing SPACE BAR on keyhoard.
v in . b TER——. :I " {7y  Low in Graphics mode.
i al - B B8y Probe will show P while Loading a program from tape.
1| nata fu !% 9  Probe will show P while Saving a program on tape.
Euuwu 4 S|oouimt |G i g_l; b (10}  Probe will show P while beeping the on-board speaker,
' " iz sl w1 ba ALY {11} Probe will show H while Loading a program from tape.
i Ll B m alfu " {¥2) Opén.
1 [ 7] (13}  Used only with Apple Il plus.
§ coanr ! -] S mOUTthUT 4 |y g o (14)  With Auto-start ROM,
i o |cun o oY DT PR] P~ Ty - {15) Readings taken with P and REPT keys depressed.
i uEt W3 THAD UCID Logic Probe display
i T
i ULL ACOER :;;“ﬁ:{.n v, - e Lo
:uﬂsw ma.:é;m H = High
foF P = Pulse
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GENERAL OPERATING INSTRUCTIONS

PONER UP

The computer will come up in Basic mode when
turned on i1f 1t 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 Monftor mode, will remain in
memory ) .

Hold down the CTRL key and type B, then press

RETIRN key (any Basic program in memory will
be lost).

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

RESET BUTTON

On some models the operation of the RESET key
des#ends on the position of CTRL/Reset Switch
{51) located on top left side of the keyboard
encoder board. If Switch (S1) 4is imn CTRL
position, the CTRL and RESET keys must be
pressed at the same time. If Switch (51) is
in Reset position, the RESET key functions
without the CTRL key.

BOOTING THE DISK DPERATING SYSTEM (DOS)

Insert an initialized disk (diskette) con-
taining DOS into disk drive number 1. If the
unit i1s equipped with an Auto-start ROM, 1t
will boot au tically when turned on and
come up in Basic mode. If the unit does not
have an Auto-start ROM, 1t will come up fin
Monitor mode when turned on., Type C600G and
press RETURN to boot from Monitor mode, or
type 6 CTRL P and press RETLRN (press the CTRL
key while typing Pr.

To boot from Basic, type PR #6 or IN #6 and

drive, the drive can be stopped by pressing
madE_FESET key or CTRL and RESET keys on some
mo 5.

OPERATING THE DISK SYSTEM

(Basic Mode Only)

Type CATALOG and press RETIRN key to get a
1ist of programs on the disk,

Type LOAD and progﬂl 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 s 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 1t
will function. To initialize a disk, boot the
disk operating system from a disk containing
DOS an Eut the blank disk in the drive. Type
INIT HELLO and press RETURN. The disk will be
initialized when the drive stops.

CASSETTE OPERATION

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
Record mode, 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 beginning of the program and
press the PLAY but on the recorder. When

press RETURM. If there 15 no disk in the ?“ﬂ'ﬂ beep is heard, the program has been
0a .
TROUBLESHOOTING

MICROPROCESSOR CHIP (CPU) OPERATION

Verify the processor s working by checking
the signals on the address l1ines (pins 9 thru
20 and 22 thru 25) and the data lines (pins 26
thru 33) with a logic probe or a scope. If a
Tn?‘lc probe is used, it should show pulses on
all pins except pins 16 and 18 which will read
low when the computer 1s first turned on. To
verify the operation of pins 16 and 18, con-
nect the ‘Ing:c probe to the pin being checked
and press e RETURN key. The logic probe
should indicate pulses when the RETURN key is
pressed. If a scope 15 used, the waveforms on
the address 1ines, except for pins 16 and 18,
should be similar to Figure 1. The waveforms
on the data 1ines should be similar to Figure

CRYSTAL OSCILLATOR
Connect a frequency counter to pin 10 of IC

{B2) to check the fregquency of the oscil-
lator. The counter should read 14,31818MHz,

12

"Bees boet e Does does dovs o R
10us

oy

B rrl e prl et ol e OC Reference

oy
DC Reference

Figure 2

OSCILLATOR DIVIDERS

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

-



TROUBLESHOOTING (Centinved)

VIDED SIGNALS

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

SYNC: Verify the operation of the sync cir-
cuitslhr checking the waveform at pin 8 of IC
{Cc13).

COLOR: Verify the operation of the color cir-
cuits by checking the waveform at pin 12 of IC
(B12). MNote: The computer must be fin
Graphics mode to get a color signal.

PERIPHERAL I/0 SLOTS

To wverify the operation
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 1/0 slot.

of the seven 1/0

4.3¥
20us

ov
DC Reference

Figure 3.

CHECKING ROM AND RAM CHIP SELECT LINES

Turn on the computer and select the Mon{tor
mode See “General Operating Instructions”.
The chip select 1ines for the ROM at pins 20 &
21 of Pl'. {UF8) and RAM at pin 15 of IC (LE3
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
iven in the Enter column, press the RETLRN
Eey and check the pin number given for the
IC's 1isted with a logic probe.

NOTE: If the Disk erating System has been
loaded into RAM, IC's (UE3 thru UE10) will
show pulses on pin 15 while IC's (UD3 thru
D10} are being checked.

PIN
ENTER Ic N UMBER
4000.7FFF D3 thru WO 15
8000 . BFFF UE3 thru LETO 15
DOOO. D7FF ROM UDO 20,21
D800, DFFF ROM D8 20,21
E000. E7FF ROM UEO 20,2]
EBOO.EFFF ROM LEB 20,21
FO00,F7FF ROM UFO 20,21

CHECKING SOFTWARE SWITCHES FOR TEXT, GRAPHICS
AND GAME 1/0

Check the software switches us‘ln? the fol-
lowing table and a logic probe. f the com-
puter is in Monitor mode, type the hex number
found in the Monitor colummn 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 Jlogic probe
should read the same as the reading found in
the Logic Probe column.

UF14 LOGIC

PIN MONITOR BASIC PROBE
GRAPHICS OR 4 Cos0 -16304 L
TEXT AND GRAPHICS
ALL TEXT 1 cos -16303 L
ALL GRAPHICS OR 5 cos2 -16302 L
ALL TEXT
TEXT AND GRAPHICS 5 C053 -16301 H
SELECT PAGE 1 6 Co54 -16300 L
SELECT PAGE 2 6  CO55 -16299 H
SELECT LO-RES 7 CO56 -16298 L
SELECT HI-RES 7 Co57 -16297 H
GAME CONTROL OUTPUT D 8 Co58 -16296 L
GAME CONTROL OUTPUT O 9 Co59 -16295 H
GAME CONTROL OUTPUT 1 10 CO5A -16294 L
GAME CONTROL OUTPUT 1 10 CO5B -16293 H
GAME CONTROL OUTPUT 2 T COSC -16292 L
GAME CONTROL OUTPUT 2 T CO5D -16291 H
GAME CONTROL OUTPLUT 3 12  COSE =16290 L
GAME CONTROL OUTPUT 3 12  CO5SF -16289 H
CHECKING INPUTS FOR GAME SWITCHES O
Te 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 1isted 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
should print out X = 127 (or less). If the
input pin 15 connected to 5Y the program
should print out X = 128 (or more).

10 PRINT "ADDRESS =";
20 INPUT Y

30 % = PEEK (Y)

40 PRINT "X = ";X

50 GOTO 10

J14 PIN CONNECT

SWITCH NUMBER To ADDRESS

-16287
-16287
-16286
5Y -16286
Ground -16285
5Y -16285

CHECKING GAME PADDLE TIMERS

Ground (J14 Pin 8)
5Y (J14 Pin'1)
Ground

@
o]
e L L PO RS

Connect game paddles to the timers to be
checked, or connect a 150K ohm resistor from
the pa-:fdle input to be checked (J14 pins 6,
10, 7 or 11) to +5V¥ (J14 pin 3). Run the
followin rogram to trigger the timers and
check fn:?r' ptheg waveform S?Ig:ﬂ in Figure 4 at
the timer output (UM13 pins 1, 16, 9, B), If
paddles are used the paddles should be set for
Maximum resistance.

10 X = PEEK (-16272)
20 GOTO 10

2ms

oy
DC Reference

Figure 4
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TROUBLESHOOTING (Continued)

Check the operation of the multiplexer IC
{UH14) by entering the following program with
the number of the paddie 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 = ";¥

40 FOR A = 1 TO 400: NEXT B

The value for Y (which appears on Monitor
screen) should vary between 0 and 255 as the

ddle 1s wvaried from MINIMIM to Maximum
resistance.

CHECKING GAME STROBE

Enter the two Tine program given in "Checking
Game Paddle Timers" and check for strobe

50 GOTO 10 pulses at pin 5 of J14 with a logic probe.
ADJUSTMENTS
Suggested Alignment Tools GC ELECTRONICS COLOR TRIM ADJUSTMENT
Clessnssenssnssnnssnnnssssssss3000,8276,9089

YIDEO OUTPUT LEVEL

Connect a smﬂe to the video output 1jud:.
Hold the REPT key and P key down to fil11 the

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

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

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

LINE DEFINITIONS

screen with characters {f the screen 1is
blank. Set the horizontal sweep on the scope
to 10us range. Adjust the Yideo Level Control
(R11) for 1.5V, peak-to-peak reading on the
scope. See Figure 5.

1.5

ov

DC Reference

Figure 5

LDO Thru LD7..... Latched Data Lines
DO Thru D7....ccnvaneas ..Data Lines
AD Thru Al5....ce0u0us Address Lines
RADO Thru RA6...... RAM Address Lines
RAM Sel......oceesssssss-RAM Select
5. | o P R Keyboard Output
BOFT - S annnaiainesmbeenniens +4, 87V
b 1| ¢ P Interrupt Request
WML, .euensnns Non-Masgkable Interrupt
RDY....0ns S TN ylopers ¢ = L Ready
ﬁn ------ s e s s emE s o e ¢¢.Phﬂﬂe Zero
ﬂl -------------- " e sesmen Phase 1
BT i i i Read /Write
TOE . im0 W Inhibit
I/0 STB.........Input/Output Strobe
DMA.....ccee...Direct Memory Access
VB risivsmae'e s sue s bps e 14MHz
?H ---------- Fes s s e EE e an saww "?HHZ
COLOR BREF..vssvvsnns Color Reference
RAS....0ovesesses ROW Address Strobe
AR, . ivassnssnsinas Address Multiplex
CAS L% Sienavs Column Address Strobe
[+ - P ., S General Purpose Clock

LDPS........Load Parallel To Serial

ID194........Load For Graphics Data
B s i e e e .Horizontal O
Bl,vussesssssnessnerssHorizontal 1
.Horizontal 2

Hzl“ii“iﬁii'iili!tll

Bleaaisssiiiasnipainisiss Horizontal 3
Hﬁt'iltiuvvtirli ..... thGriZﬂntﬂl ﬁ
BE  iive s sh e bl s se ass Horizontal 5
HPE.....s Horizontal Parallel Enable
VA.:vwine Vertical Video Address MSB
?BiqtuiitpoiavﬂrtiCﬂl Video Address
L e, N Vertical Video Address
|1 I Vertical Video Address
Vl.eevssessssVertical Video Address
o Vertical Video Address
R S b Vertical Video Address
Wi Vertical Video Address
¥YSiiaunua Vertical Video Address LSE
L1 P .Horizontal Blanking
BYRC. isavvesnsn «sss«Synchronization
Dnﬂ Thru Dﬂ?r--t-.-;RAH Data ﬂutput
I1/00 Thru I/06....... . . Input /Out put

To Peripherals
DEV O Thru DEV 6...000eee 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.
Mo, Mo, PART Mo.
|LOGIC (MAIN) BOARD
CR1 INS14
aM,2 2N4258
Q3 N304
Q4 MPSA1S
Q5,6 2N3904
a2 HOTALSO0P
T4LS00 ()
UAS SNTA166M
T4166
UAS 23168
2513 1)
uag TALS25TAN
T4L5257
ung AMZSLS151PC
T4L5151 (1}
(TR 4] T4LS194 AN
T4L5194
[IER R TALSTAMN
TALSTAPC (S )
TALST4
UAl12 T4LSO2N
T4LS02
UALS HE 555N
555
uat4 TALSO2N (4 B)
el SNT451 75N
T451 75PC 1)
745175
ug2 TASBEPC
DT 4 586M (1)
T4586
uas NESSSN
MC1455P1 (1}
1% SNTALS194AN
SNTALS194 (1}
TALS194APC
uBs TALS174N
T4LS1 T4PC (1)
T4LS174
ugs TALS25TAN
DMTALS25TN (1)
T4L5257
] TASL2STAN
SNTALS23TAID S (1)
T4L5257
ue8 TALS1 T4N
DMTALST TN 1)
T4L5174
ugs T45L194 AN
TALS194MPC (1)
TALS194

ITEM TYPE MFGR,
Mo, Mo, PART Mo.
uBio TALST4AN
DMTALST4N ()
T4LS74
U1 74L508PC
74508
UB12 DMTALST IN
TALS11PC ()
74L511
UB13,14 TALSO2N
74L502
uet TALS153N
T4LS153PC ()
T4L5153
uc2 SNT45195N
T45195A (1
745195 (@)
ucs MKA1 16N-36P O
Thru UPDA416C-2 (1 -
uc10
uct 74L504
SNT4LS04N () =z
uciz TALS25TAN S
DMTALS 257N () m
7415257 e
uct3 SNTALSSIN e D
DMTALSSIN (1) th
T4LS551 -
=
uct4 TALS32PC c
740532 »
uo (2)
uo2 TALS20PC
740520
uo3 MK4116N=3GP
Thru MCMA4116AC20 ()
uo10
UPD4116C-2
uot1 TALS161AN
SNTALS161AN (1)
T4L5161
uo12 TALS161AN
T4LS161PC (n
T4L5161
uo13 74LS161 AN
SNTALS161AN (1)
TALS161
uo14 TALS161 AN
T4LS161PC
7415161
UE1 (2)
UE2 T4L5139 (2)
UE3
4116 (1)
15
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PARTS LIST AND DESCRIPTION (CONTINUED)
When ordering replacemant parts from manufacturer, state Model/Serial/Revision
Number, Item Mumbear, Name and location of part,

SEMICONDUCTORS (cont)

ITEM TYPE MFGR, ITEM TYPE MFGR.
MNo. Mo, PART Mo, Me. No. PART Mo.
UH12 T4L5138PC
UE4 AMIO 1 BEPC SNT4L5138N (13
Thru MCM4116AC20 (1) 74L5138
UE1D UH13 NESS8N
UEN TALS153N UH14 SNT4L5251N
T4L5153 T4L5251PC (1)
12,13 TALS153N TR} TALS25TAN
sl SNTAL5153AN (1) SNT4LS257AJDS (1
T4L5153 74L5257
UET4 TALSZA3PC Ui TALST4AN
T4L5283 M74L5T4P (1)
TALST4
UF1 (2) UK13 MC1741CP
UF2 SHT4LS139N MAT4I
74L5139PC 1)
7405139 ENCODER BOARD
UF3 8240
upz LMSS5CN
A w MC1455P1 (3
1455
e e uBs,4 SNT4LSO0N
BO2BSN (1) ’
UF6 8242 74L500
BOZBT) )
UF8 5245 UBS mvaﬁm
BOZBSP 48] TALS
UBs 8041
4 8244
UF11 4
B8012BA i KEYBOARD w/ENCODER
UF12 T4L51 538PC
SNT4LS1 38N () @ TN4148 :%1;
7415138 - o
uz 2)
UFy3 AL S B U3 MC1455P1 (2)
T4L5138 1t 53
UF14 FO334PC
SNT4SL259M () us MM5740 (2
T4L5259
UH1 74LSDBPC s POWER SUPPLY
SNT4LSOBN 1 o1 RGP158
L A 02,3 RGP10J
uH2
7415138 e 1N4606
Thru
UH3 MCGEE TR/ DA
MCATITP
METITN (1 (3 Do RGP158
UH4 MC6887P/ D10 RGP 0J
MCRTOTP on 1N4606
NEBTITN (1) (3) D12 RGP158
DEl KEP=10
UHS MCEE87P/
MCATO TP 1c1 TiBzN
NBTITH (s 01 25D467C
UH7 5Y6502 02
6502 (1) Q3 2585618
gﬂ 25B5618
UH10 DPB304UN 1 INE39S
HBT28N () Z1
BT28
UHT1 MCE889P/
MCBT 28F
BT28 |

(1) Used In all revislions except RFl.

{(2) Used In some varslons.
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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
WEMm MFGR. ITEM MFGR.
No. RATING PART No. No. RATING PART No.
61 .1 50V
LOGIC (MAIN) BOARD EE% } 233
c1 .1 50V 5
c2 47 N470 50V 5% Cg; } ggg
c3 Trimmer 5pF-50pF C E
c4 .1 50V 66 .1 50V
c5 .022 50V 10% €67 .1 50V
c6 .022 50V 10% 68 .1 50V
€69 .1 50V
c7 .022 50V 10%
c8 022 50V 10% 70 1 50V
c9 .1 50V €71 .1 50V
c10 .1 50V 72 .1 50V
cn .1 50¥ €73 .1 50V
€12 .1 50V c74 .1 50V
c13 .1 50V €75 1 50V
c14 .1 50V 76 1 s0v
15 .1 50V €77 .1 50V
c16 47 N470 50V 5% c78 .1 50V o
€79 .1 50V
c18 L0071 50V pX:
c19 001 50V 80 .1 5oV
€20 .0071 50V 81 .1 50V 2L
c21 .001 50V 82 .1 50V
22 001 50V €83 .1 50V
c23 .001 50V 84 .1 50V
85 .1 50V z
c24 001 50V
€25 .001 50V C86 .1 50V o
€26 .001 50V 90 .1 50V =
c28 .001 50V 91 .1 50V m
29 001 s0Y c9z. .1 50V E g
Eg? :gg} Eg: EMCODER BOARD :; E
E%% ﬁ} 533 c2 ,022 50V E
c34 .001 50V c3 -1 50V <
c4 .1 50V
€35 .001 50V
€36 .001 50V c5 47 50V
c37 .001 50V C6 .1 50V
c38 .001 50V c7 .1 50¥
39 .001 50V c8 .1 50V
E:? :EE} 33: KEYBOARD w/ENCODER
caz 001 50V
43 ,001 50V c2 =
ca4 001 50V c4 .001
C45 .001 gu: c6 L
Eﬁ ﬁ} sgv POWER SUPPLY
E:'g :%} gg:r | .1 2507
€50 .001 50V c3 .0022 400V
€51 .001 50V c4 .0022 400V
c52 001 50V c8 470 3KV
€53 001 50V c9 .01 1KY
c54 .1 50V c10 .01 1KY
C55 1 50V cn .22 100V 10%
c56 .1 50V c17 .022 50V 10%
C57 .1 50V c18 .22 100V 10%
c58 1 5oV c23 .01 1KV
€59 1 50V €26 .01 50V
€60 1 50v

COMPUTERFACTS-OF-THE-MONTH SET NO. CF1 FOLDER CC 1 17



PARTS LIST AND DESCRIPTION (CONTINUED)

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

ELECTROLYTIC CAPACITORS

ITEM MFGR, MFGR,
Mo s PART Mo, IE:I RATIG PART Mo.
LOGIC (MAIN) BOARD POWER SUPPLY
c5 47 250V
€17 10 16V 6 47 250V
c27 10 16V 20% c7 220 10V 20%
€12 1000 10V
ENCODER BOARD c13 1000 10V
Gs |22 0v
o | e |10
KEYBOARD w/ENCODER c20 680 16V
c21 330 16Y
ca2z 330 eV
c7 1 c24 47 250V
C25 47 250V
CONTROLS (All wattages 1/2 wah, or less, unless listed)
ITEM ; MFGR
N, FUNCTION RESISTANCE Mo} NOTES
R Video 200
RESISTORS (Power and Special)
Nor A iy RATING
LOGIC (MAIN) BOARD
POWER SUPPLY
RAOT Resistor Network 7X1K
R NTC 5 Cold RAOZ Resistor Network 7X1K
23 2700 2% 1/4W Metal Film
A 5700 2% 174N Metal Film RAO3 Resistor Network 7X1K
YDR1 YDR
COILS (RF-IF)
ITEM MFGR. ITEM MFGR.
Ha. FUNCTION PART Mo, Mo, FUNCTION PART Mo.
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
LS RF Choke LS RF Choke
L6 RF Choke L6 RF Choke
L7 Peaking L7 RF Choke
L8 RF Choke
T AC Line Choke J
COILS & TRANSFORMERS (Sweep Circuits)
REPLACEMENT DATA
'LE:" FUNCTION MFGR. OTHER THORDARSON
) PART Mo. IDENTIFICATION PART Mo,
T2 Switching Power
T3 Switching Driver

18




PARTS LIST AND DESCRIPTION (CONTINUED)

When ordering replacement paris from manufacturer, state Model/Serial/Revision

Number, Item Number, Name and location of part.

FUSE DEVICES
REPLACEMENT DATA
ITEM MFGR, BUSS
Ne. DESCRTION PART No. PART M.
DEVICE HOLDER DEVICE HOLDER
F1 2.75A @ 125Y
Fast-Acting
SPEAKER
_— REPLACEMENT DATA
Mo, TYPE MFGR, U AM MOTES
PART Mo, PART No.
B14A 2 1/4" PM, B Ohms
MISCELLANEOUS
ITEM MFGR.
iy PART MAME PART No. NOTES
LOGIC (MAIN) BOARD
K13 Jack Cassette Data Inmput
K13A Jack Cassette Data Output
K14 Socket Composite Video Dutput
S1,51A | Switch Part of Keyboard
52 Switch Part of Keyboard
Thru
g?‘!g Switch P d
tc art of oar
Thru e E
540 &
542 Switch Part of Keyboard m
Thru E
§53 =
555 Switch Part of oard =
XT100 | Crystal Timing Oscillator =
P.C. Board Logic (Main) Assembly b
=
ENCODER BOARD v

P.C. rd

POWER SUPPLY

P1/d2 | Cord
P2 PFlu
51 Swi

KEYBOARD w/ENCODER

5 Switch
Thru
512
514 Switch
Thru
526
s24 Switch
Thru
540
542 Switch
Thru
553
556

P. C. BOARD
NUMERIC KEY PAD
S0 Switch
Thru
515

P.C. Board

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

19
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PARTS LIST AND DESCRIPTION (CONTINUED)

When nrdarlng 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)

.LOGIG (MAIN) BOARD

PIN | IC IC IC IC 1C IC IC IC IC IC Ic IC IC | IC IC IC
No. | vAz | UA3 | uaAS | uvAB | UAS | UAIO | UATY | UAIZ | UAI3 | UAT4 | UB] | LBZ B3| B4 | LB5 | LB6
1 P P P H P H L H L L H P L H H P
2 P P F P P H H L H H(7) | P P P H L L(6)
3 P L P P P L H L 2 P P P P P L P
L) 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 1 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
1N 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 [ P P P P H H H P H P (12} | L(6)
18 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 L
21 H
22 P
23 P
24 H
MOTE: Logic probe readings taken nftnr just
turning computer on (power-up) unless
oth se noted. Unit with {integer
Basic in ROM and without Auto-start ROM
ussd for logic probe readings.
MOTE: HI;I! Revisfon with computer in Monitor
mde.
(6) Measured after pressing SPACE BAR on
keyboard.
(71 Low in Graphics mode.
(12) Open.
Logic Probe display
L = Low
H = High
P = Pulse
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APPLE

MODELS ILIl PLUS

LOGIC (MAIN) BOARD (Continued)
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unless
integer

Basic in ROM and without Auto-start ROM

used for logic probe readings.
RFI Revision with computer

mode.

in Moni tor

taken after just
pressing SPACE BAR on

(power-up)

nit with

readings
? computer on
otherwise noted.
Measured after
keyboard.
se

Open.

Logic probe
turnin

*

Logic Probe display

NOTE:
(6}
(2)
L= Low
H = Hi
P=Pu

NOTE



LOGIC (MAIN) BOARD (Continued)

PIN I1C 1C 1C IC Ic IC 1C 1c Ic IC IC Ic IC 1C IC 1C
NO. | UD12 [ UD13 | D14 | LE3 | UE4 | LES | LEG LE7 UEB | LES | UE1O | LETY | UET2|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 P P 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 F P P P P
5 [P H L P P P P p P P P P PP P H
6 | H P L P P P P P P P P H PP H H
7 |P P H p P p p P p P p P PP 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
10 P P H p P P P P P P P L P P P H
n 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
1 |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 IcC IC IC I1C IC IC IC IC IC IC IC IC IC
NO. | OF3 | UFS |UF6 | UFB | F9 | ULF1T| UF12 | wF13 |F14 | M1 | HZ | M3 UH4 | M5
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 po[pO13)| P [P P P[0 P L P[P
4 |p p p Po|PO13)| P P L(8,9)|H P p P PP
5 P P P P P(13}| P P p H P P P p p
[ 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{B) |L(4)L H P P P
10 P P P P P13} P H H H L H P P P
11 P P P P P{13)| P H H H H H P P P
12 L L L L L13)| 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 P13} 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 LI13}] L
23 P P P P P(13)| P
24 H H H H H{13)| H
NOTE: Logic probe readings taken after just (11} Probe will show H while Loading a pro-
turni ng computer on gmr-upl unless gram from tape.
otherwise noted. in1 integer (12) Open,
Basic in ROM and without Auto-start ROM (13) Used only with AEP1E IT plus.
used for Togic probe readings. (14) With Auto-start
MOTE : Ri Revision with computer 1n Monitor
mo de
(8) Probe will show P while Loading a pro-
ram from tape. Logic Probe display
(9) robe will show P while Saving a program L = Low
on tape. H=Hi
{10} Probe will show P while beeping the on- P = pu?ﬁg
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LOGIC (MAIN) BOARD (Continued)

ENCODER BOARD

PIN | IC Ic Ic Ic Ic Ic IC IC ic IC IC Ic
NO. H? | WH10 | H12 | UH13 | LH14 W W3 B2 | B3 | B4 | BS | LBE
1 L P P (12} | (12) P H L H H(&)| L{G) | P
2 | H P L (12) | (12) (12) | H{10) P(15)| H H(E)| H(B) | P
3 |p P P H (12) {12) | H(10} PHE; L L(6)| H(B) | P
4 H P P H H(B) H H Hid5) | L (12)| L(6) | H(15)
5 [(12) | p P H r (2) | Lo H(15)| L (12)| H(6) | H
6 | H p H H 8,12) | 12) | (o) L H L L(6) | H
T P p H (12) | H(E) H L P(15)| L L L H
8 |H p L (12) | L L H{9) H L H L(6) | H(B)
9 |p L H 12y |p P L(9) H L H(&) | LI6)
10 P L H (12y|p P H H L I.Jﬁ H E;
1 P P H H ] L H({9) L L H(&) | H(&
12 | P P H L (2) P H{9) H H L{6) | H(B)
13 P p H H 512 P H H H H(6) | H(6
14 P P H H 12 L H H H H(&
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 [
19 | P F P
20 P H P
21 L P
22 P P =
23 |p P S
24 |p P m
L
25 |p P -
26 |P P =
27 P L =
28 | P L(4) =
20 |p L(3) @
30 P H
N P L
3z P P
.33 P P
| |P P
35 | (12) 4
d | (12) P
7 P P
38 L P
39 |p P
40 H [
NOTE: Logic probe readings taken after just 7 Low in Graphics mode.
t""“""? computer on [P“""“P:' unless {ﬂ; Probe mlﬂ'll= show P while Loading a pro-
gth:nu‘:e nntm:l Htll"lh t !'lfﬂ'l integer ram from “?
asic in ROM an out Auto-sts-t ROM
used for logic probe readings. 9] CRORE MY S RWhIle Saving i progeie
NOTE : .%Fdle Revision with computer in Monitor (10 Eumhed m”nllt show P while beeping the on-
- ard speaker,
(1) Readi goes high when a key fis {11) Probe :ﬂl show H while Loading a pro-
pressed. ram from tape.
(z) 5¥;FT ETRL REPT and RESET keys have no (12) oy
effect. >
(3) Reuding goes high when SHIFT key fs }%{ H?:: :ﬂlg_:lzgtlﬂﬁaf 11 plus.
pressed
(4)  Reading' goes high when CTRL key s ('%) G2ICI0d2 faken with P and REPT keys
presse
(5) Probe :11‘1 show a pulse when a key is {"'E‘f‘:”"‘ display
presse o
(6} Measured after pressing SPACE BAR on g e E: e
keyboard.
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DISASSEMBLY INSTRUCTIONS

CABINET LID REMOYAL

Turn the computer so that the back is facin
you. Place your fingers on the top of the 11
and your thumbs under the 11d's outside edges
and press upward with thumbs until the 11d re-
leases from the cabinet, Sometimes this re-
'z.:'lres a lot of pressure before 1t releases.

en the 11d comes loose, 1ift it up and
back. See Figure 6,

CABINET TOP REMOVAL

The keyboard and keyboard encoder are part of
the cabinet » To remove cabinet top, re-
move 10 Phil qu screws from the cabinet
bottom, four Phillips screws from the rear of
the computer mother board (RFI wversion 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 1in 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
ueezed to allow for board removal. See
Figure 9,

POWER SUPPLY REMOVAL

The power s fﬂ y can be removed by removing
four scmsu?'-l 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: 0Older units may use eight screws and
two r -rivet washers hold the bottom. Use
needle-nose pliers to hold the washers and
drill the -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
RF1 YERSION

Remove the power plug from the mother board
{squeeze the front and back of the plug and
1ift up). Remove speaker 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-5aw 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 {ﬁ“
up). Remove 1/4" nut and star uashur._ ke
sure insulation washer on bottom of 1/4" stud
is retained for reinstallation. Pinch in the
plastic retafner 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 PINOUT DEFINITIONS

Rivwnsin !ll!i!!i!!ittiiti-iiiMdrEB! BAR . .o vaven .....Hoﬂ' Mdreﬂﬂ strﬂbﬂ
AKO.........Address Keyboard Output BDY . viavansine ssessssnnaassssRoady
CE lllllllllllllllllllll Chip Enahle Rm iiiii !"I!i.ii.‘i.ii"hld writ!
. g by | o [ PP Chip Select ) R T e Write
CAS...........Column Address Strobe Kitksis s ana @t s eessis X Coordinate
Diiseinan R R R R Data Yilﬂ!filii‘iiiii'li ----- Ycﬂﬂrdiﬂﬂte
B nniutin itilliiti‘!iti-i--gnﬂhle qullii!!iitiiiiil--i ----- Phase Zero
TR e e .. Interrupt Request N sesssssssssssss Phase One
.1 b .. Non-Maskable Interrupt
SAFETY PRECAUTIONS

1. Use an isolation transformer for servicing.

2. Maintain AC Tine voltage at rated input.

3. Remove AC power from the uter 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. Some semiconductor de-
vices can be damaged easily by static e!ectriciﬁf. Drain off any electrostatic charge
on your body by touching a known earth ground. Wear a commercially available discharg-
ing wrist strap device. This should be removed prior to applying power to the unit
under test.

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

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

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

8. Do not use freon-propelled sprays. These can generate electrical charges sufficient to
damage semiconductor devices.

9, This computer is equipped with a grounded three-pronged AC plug. This plug must fit
fnto 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. Never block,
cover, or obstruct these vents.

12. Instructions should be given, especially to children, that objects should not be
g;opped or pushed into the vents of the cabinet. This could cause shock or equipment

mage .

13. MNever expose the computer to water. If exposed to water turn the unit off. Do not
place the computer near possible water sources.

14, Mever leave the computer unattended or |1;1ug?!d 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. MNever use 1iquids or aerosols directly on the computer. Spray on cloth and then apply

to the computer cabinet. Make sure the computer 1s disconnected from the AC power 1ine.
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Tg,“m L 1 |Al ol |u w(E ppay (M
. A i e —su—Circuilry not used in some versions
TOF viEW o s me ) ===Circuitry used in some versions
izfa n S WTR o Sea parts list
o erm— ol o olif  cowtei® ¥ Nominal value
T e - wlii yo|ln + Ground
o e i ! ] Ll Item numbers in rectangles appear in the alignment/adjust-
E oo | ourruT o L L uil : ment instructions.
1 o | il8 Wiw  wfa A f= L Supply voltages maintained as shown at input.
i mit 3 ke wlo ol i " Voltages maas_ufad with digital meter. _
imeut ouTRT Terminal identification may not be found on unit,
bark sle o 13 [ Gie waa alijn L]
Voltages and Wavetorms taken with Integer Basic in ROM
o0 oo sjroc uoowpe Mz " and in Monitor mode unless noled. Wavelorms taken with
T T eamie oot Ejo  ®a hiad o triggered scope and Sweep/Tima switch in Calibrate position,
. o ool s olewn  EDAR| -y scope input set for DC coupling on "0 reference voltage
VD1 THR YRR [0 TaF ViEW waveforms. Swiltch to AC input to view wavelorms a.ller.I}E
:-'r'ﬂ Ef:f e :;}Hf' relerence is measured when necessary. Each wavelormis 9
T0¢ TiEw 10F MiEw cm width with DC reference vollage given at the bottom ling
TSI TAN of each waveform. Time in psec. per cm, given with p-p
- > welw reading al the end of each waveform.
L o8t b Resislors are 112W or less, 5% unless noted.
w'"‘._l'_ EIN W e il Value in | ) used in some versions,
T W ENABLE
TPUTS f{uiE 1 J m“ NOTE: Logic probe readings taken after just turning com-
3| LA ] ik{\“,_ puter on (power-up) unless otherwise noted. Unit with
WP |‘ n L w, ;Q/\I'L e integer BASIC in ROM and without Auto-start ROM
- _Iml : pr u used for logic probe readings.
i - "‘l'k NOTE: AFI Revision with computer in Manitor mode.
fon  L—30, QJ.-? i {1}  Reading goes high when a key is pressed.
TR A _”I_E (2} SHIFT, CTRL, REPT and RESET keys have no al-
o] lect.
W*ﬂﬁlltﬂﬁ“l ,ﬁ_lﬁ i (3}  Reading goes high when SHIFT key is pressed,
R #rk‘ Fort (4}  Reading goes high when CTRL key Is pressed,
TRLSIIRE ﬂlﬁ B 5) Probe will show a pulse when a key is pressed,
wrem 1[5t - wele uy (6)  Measured after pressing SPACE BAR on keyboard.
T‘k () Low in Graphics mode.
ol L ;l_]_u n {8)  Probe will show P while Loading a program from tape.
+|w ﬂ—i}_ @)  Probe will show P while Saving a program on tape.
------------- T oureune |51 —_{rj_L o {(10) Probe will show P while beeping the on-board speaker,
' s A ” (11)  Probe will show H while Loading a program from tape.
= ue *H ! '_rk {(12) Open.
[ an T I ol _ mh (13) Used only with Apple Il plus.
] B {14) With Auto-start ROM.
o owean| 1" '1"" s o L5 |15 Readings taken with P and REPT keys depressed.
[i] i e Logic Probe display
BOTTON VilW __E lirmu.u A'Eotl - L= Low
------------ - H = High
ooy P = Pulse
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