The Nascom Microcomputers Dwvision of Lucas Logic Lanited reserves
the right to amendidelete any specification in this brochure i
accardance with future developments.

 Copyaght Lucas Logie Limited

Nascom Microcomputers

Division of Lucas Logic Limited
Welton Road Wedgnock Industrial Estate
Warwick Cv34 6PZ

Tel: 0926 457733 Teiex: 31




SECTION 1 - HARDWARE MANLAL

Contents Page
1.1 Introduction 1-2
1.2 Llinks/Switches LSW1 and LSw2 1-2
1.3 Memory decode header LKS1 1-4
1.4 Memory type liakulacks LKB 1-5 1-5
1.5 Memory addressing 1-6
1.6 Video memory addressing 1—6.
1.7 Input/output port addressing 1-7
1.8 Power supply requirements and

connections $-8
1.9 Tuning the TV 1-9
1.10 Cassette interface adjustment 1-9
1.11 fxternal connections 1-11
1.2 txternal socket assignments 1-12
1.13 Test points 1-13
1,14 Component list, circuit reference T=1%

order
1.15 Component list, numerical order 1-16
1.16 Component changes for use outside 1-19

the UK
1.17 Component and board layout 1-20

Rev 2.3 17 July 1981

Lopyright 1981 Nascom Microcomputers



1-2

7.1 Introduction

The Nascom 2 is an exceptionally flexible computer system, and can be sgt up to operate in a
number of different ways. However, in order to ensure correct operation, it is important that
the correct switch and wire link options are prosent to suit the user's application. Those who
have bought their board ready-assembled should have had these options set by the supplier, end
therefore need not dwell on this section initially. Those who have bought a kit, or who are
planning changes to the hardware configuration of their system will find in this section
details of how to select the mode of operation which they require. '

The flexibility of the system means that there are a number of choices to be made. We
recommend that you should read through the instructions which fellow twice before proceeding
with the configuration process, and that you should proceed through the steps methodicaily.

Pleass note particularly the following warnings:

1. Any error in matching the wirinrg of linkblocks 1-9 with the type of integrated circuit
inserted in the associated socket will cause malfunction, and Way vaise damage.

2. Any incorrect external cennection may cause both internal and external damage.
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3. #rrex MOST THPORTANT *owsx

The keyboard must be connected ONLY to Pi3,and URDER RO
CIRCUMSTANCES to PL2, which carries voltages capable of

destroying the keyboard.
*********#*#*********#*********#***********t********#*#*

1.2 Links/switches LSW1 and LSW2

Two areas on the extreme edge of the Nascom board contain links or switches which are used to
select various run options for the computer. Either wire links or swifches may be provided.

The locations of these links or switches are shown below:

-Edge connector

) PL1
120ce.- an 12.....90 -
1] n .
" » ——t+——_____Llink made /
T ——" switch up
LSW2 LSW1 ™
Link broken/
b switch down

Note that where the user intends to change any of these links frequently it will be more
convenient to take wires from the appropriate link pads to a front-panel switch (eg if baud
rate for printers is to be changed freguently).

- Ay R |

The functions of these switches can be summarissd a3



Link /switch
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Functien Link made Link broken

[switch up [switch dewn

LSW1/0 Memory wait On 0ff

L5wW1/9 [PU clock select Internal Bus

L5W1/8 4K/8K Memory decode 8K b

LSW1/7 4K /8K Memory decode 8K 4K

LSW1/6 50/60Hz (625/525 1n) 50Hz/6251ine  60Hz /525 line

LSW1/5 Stop bits 1 Ve

L3Wi/4 Restart address A15 0 1

LSW1/3 Restart address ATh 0 1

LSW1/2 Restart address A13 0 1

LSW1/1 Restart address A12 0 1

Link/switch Function Link made link broken
[switch up Jswitch down

Lsw2/0 CPU clock freguency 4 MHz 2 Mz

Lsw2 /9 Alphs/graphiscs select Auto Alphz only

LswW2/8 Port addressing Extsrnal Internal

Lsw2 /7 Serial input device Terminal Cassette

LSW2 /6 Receive speed Extnl clock TTY 110 baud

LSW2 /5 Receive speed se LSW2/6 Uss LSW2/4(cassette)

LSW2 /4 Cassette receive speed 1200 haud 300 haud

Lsw2/3 Transmit speed Extnl clock 1TY 110 baud

Lsw2 /2 Transmit speed Use LSW2/3 Use LSW2/1(cassette)

LSW2 /1 Cassette fransmit speed 1200 baud 300 baud

Link /switch functions

1. LSW1/1 to LSW1/4 select the restart address to which the computer will jump when power is
applied or the reset button is pushed. MNormally the links are all made (switches up) so that
restart occurs in NAS-SYS. If, for example, the links LSW1/4, tSW1/3 and LSW1/2 were not made
(switches down) and link LSW1/1 were made then on powsr-on or manual reset the computer would
start up in BASIC, performing a cold start.

2. LSW1/5 selects the number of stop bits, whichseparate characters sent by the serial output
interface. Normally only one stop bit will be required, except at 110 baud.

{625 Tinac) ar BO H+ {G2C
AWWE L LIlug F Ul YW TRy e

b
L
ine

4, LSW1/7 and LSW1/8 allow the on-beard memory in sockets 35 to 42 to be treated as one 8K,

continuous block, or as 2 independent, 4K blocks. See also notes on the header plug, (section
1.3).

5. LSW1/9 allows for selection between the on-board processor clock (normel state) or a clock
an the NAS-BUS.

f. LSW1/0 allows an additional 'wait' state te bhe used with certain slower memory devices. It

may be necessary to turn memory wait on when running BASIC at 4Miz.

7. LSWZ/1 to LSW2/3 allow tne switching of the serial input rate for a casseite or terminal.
LSW2/2 selects whether the rate is to be set by LSW2/1 or LSW2/3. If LSW2/1 is selected, then
LSW2/1 determines whether 1200, or 300 baud will be used. If LSW2/3 is selected, then LSW2/3
determines whether the standard 110 baud Teletype rate, or an external clock is to be used to
control the speed of data transfer.
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8. LSW2/h to LSW2/6 perform similar functions for the receive data rate.

whather the source of serial input is the cassette unit or a termiral.

10. LSW2/8 selects whather any external input/output ports are to be addressed. For a Nascom 2
in isolation only internal ports should be specified.

11. LSW2/0 cplagte whether the graphic characters can he used. If the graphics generator chip

Ll SVavbLe WabLnil

is not present the alpha only mode should be used.

12. LSW2/0 selects between a 4MHz and ZMHz clock speed for the microprocessor. Hormally a &MHz
clock will be used.

The normal configuration for the switches when using a 4MHz clock, 1200 baud cassette tape and
an 8k memory block is:

LSW1 1,2,3,4,5,6,7,8,9 link made (switch up)

0 link open {switch down)
LSw2 0,1,4% link made (suitch up)
7,3,5,6,7,8,9 link open {switch down)

1.3 LK31 Header plug

It is recommended when altering the wiring of this header that it should be left plugged iato
its socket during soldering. This avoids pins becoming displaced as a result of heating.

The headsr delermines Lhe addross and type of the on-board memory contained in sockets 35 - 42
and 48. The functions of the comnections on the pins are as follows
W — 1 16 0000#-07F Fi My
RAM DATE 7 e 10004~ 1FFFH' e A3
2000H-2FFFH NZMD  p—
BTOCK A — A2
_bioe LK1 BOOOH-BFFFH L am
RAMGATEZ — 0 e T .1 BROM
o — CODOH-CFEFH PROM
i D00CH-DEEFH 147 f—
FRoM  —i8 9 LOURH=L LI F——— (S (MREOB)

1. Pin 1, MROM determines the address of the menifor RN , 1034, It will
therefore to pin 16 of the header.

2. Pin 2 determines the address of the video and work area chips or the Nascom board, IC's 50
and 48 respectively. Tt will normally therefore be connected to pin 15 on the header.

3. Pin 8 determines the address to be used for IC43, the BASIC ROM. It is therefore connected
normzlly to pin 9.

k. Pins 3 and 5 are used 1n cnnJunctlnn with either pin & or pin 6 to allow read/write memory,
R

5. Pin 4 determines the address of one of the 4K memory blocks A or B located in IC35-42. Pin
5 fulfills a similar function for the second block of memory. If the two 4 K blocks of memory

have been specified as a contiguous block of 8K then both pin 4 and pin 6 are connected to the
ss pins. Tha logic of the circuitry is such that blnek A, in IC35 - IC38,

Two apprapr riate addres

will have the even block address { C000 or EQDO ), and block B, I£39 - IC4Z, will have the odd
block address { BOOO or DOOO ).
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6. Pin 7, XROM is y blocks fos nly, and is therefore
B

o 1 ~om
used when 2708 EPROM's are located in the A block (IC35 - 38) andfor the B block (IC39 - 42).

The normal configuration of the header for a system with menitor and BASIL, but with no on-
board memory in IC35 - IChZ2 would therefore be:

e ——
LSW1/7,8 down : : {no connection)
- -

If the sockets I£35 - ICh2 are being used for 8 K of 2708 EPROM located at C0O0 to. DFFF (such

as NAS-DIS and ZEAP) then the A block will have the C000 starting address and ihe fheader will
be as follows: :

~

[
-
5=
ay

If 4K of 4118 RAM is required at location 1000 with 4K of 2708 CPROM at DOOO (ysing IEAP, for
example) then the header would be as follows:
-——
LSW1/7,8 d ( tion)
oWn n¢ GCORABGLLOR
’ D G
L »

Ao additional & connections must be made for each of 1C35 - IC42 and ICH8. This is necessary
in order to use either 2708 EPROM's or 4118 RAM's in these locations. These connections are
made at the linkblocks 9-§. If terminal blocks are fitted it will be found most convenient to
wire-wrap these conpections, although saldered connections are quite satisfactory.

IC's 35 - 47 canr be eithef 2708 EPROM's or 4118 RAM chips. The centre row of pins cortains a
common line which is either connected to the row nearer the cenire, for 4118 RA

the row nearer the edge of the board for 2708 EPROM chips, as shown below.

ONCNCRO CRONORO
5066 ©0GGC

PARE Lo R T,
RAF Gllps, OF t&

AN G0
4118 RAM 2708 EPROM

The actual functions performed by the individual connections are as follows:
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Link block [socket pin RAM EPROM 4118 2708
5 pin 21 WRB -5V Wt vbo (=5V)
6 20 RDB €S 0F LSME
vi 19 Y 4124 [ vdd (+12V)
3 18 cS 0y cs PROGRAM

By selecting combinations of connections, it is possible te use certain other types of memory

components,

The linkblock LKBY for IC48 must alsc be linked in this way, but in this case the chip used is
normally a 4118 for workspace RAM, and the bleck should be wired accordingly.

1.5 Memory addressing

The Nascom 2 thas been designred to allow complete flexibility in the use of different forms of
Foln.
.o

momory ~ RAM, EPROM and ROM. However in the normal non-dis

vstem the following sllocation of

memary on the main board is used: o
0000 - 07FF NAS-SYS monitor program

0A00 - OBFF Yideo display memnry

0C00 - OFFF Workspace, used by varicus standard programs

E0Q0 - FFFF BASIC ROM

The remaining memory in locations 1000 to DFFF (52 K bytes) is available to the user. However,
in order to avoid potential clashes in utility programs which may be developed in the future,
it is suggested that the following areas should be reserved for the purposes indicated:

1000 -~ 8BFFF General RAM space for user programs
9000 - OFFF Progremmable graphics RAM or general RAM space
9800 - AFFfF Colour graphics RAM or general RAM space

BOOD - BYFF Extensions to the operating system and/or NASPEN

ACODEMN ar athar wnard
nagr e OF Sunol or g

{000 - CFFF NAS-DIS or other disassembler/debug programs or
celour graphics control software
DOOO - DFFF IEAP or other assembler type software

It should be emphasised that these are only recommendations, and it cannot be guaranteed that
some alterations to these assignmenfs may be required as a result of future developments.

1.6 Video memory addressing

the video screen display 1is stored in memory locations 0800 to 0BFF, and this may be accessed
directly from programs to output or input data. This memory is organised as shown:
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Margin Start display line ... ... end-of line Margin
0BCO(3008)  0BCA(3018)...c  aeuis 0BFO(3065)  ORFF(3071)
0800(2048)  080A(2058}..... ... 0839(2105)  083F(2111)
0840(2412)  084A(2122).....  .eees 0879(2169)  087F(2175)
0880(2176) 088A(2186)..... .-.-- 0889(2233) 08BF(2259)
08C0(2240)  08CA(22S0).....  cee-s 08F9(2297)  08FF(2303)
6500(z304)  090A(2314)..... .....0039(2381)  093F(2367)
0040(2368)  097F(2378).u...  eee-s 0979(24k25)  097F(2431)
0980(2432)  098A(2442)..... ... 0989(2489)  09BF(2495)
0900(2496)  09CA(2506)..... ..., 09F9(2555)  09FF(2559)
0ACO(2560)  O0AOA(Z570).....  aea-. 0A39(2617)  0A3F(2623)
0A40(2625)  0ALA(2634)..... ....0A79(2681)  0A7F(2687)
0AS0(2688)  OABA(2698)..... .een. 0ABG(2745)  OABF{2751)
0ACO(2752)  OACA(2762).....  +eees 0AF9(2809)  0AFF(2815)
0B00(2816) OBOA(2826)..... .eeo. 0B39(z8735) 083F(2879)
0B40(2880)  OB4A(ZBY0)..... ... 0B79(2937)  0B7F(2943)
0B30(2064)  O0BBO(2954).....  ..... 0BB9(3001)  0BBF(3007)

NOTE: -

The margin area is not dlsplayed, and as the monitor affscts these locations they should not

The top line of the display is protected from screlling, so that titles can be maintained on
the screen. It can, however, be cleared using a ‘clear sereen' (S, shift /backspace) or by a

reset of the computer.

1.7 Input/output port addressing

The subject of input and output is described in mors detail in the input/output section of
this manual ( section 6 ). The allocation of input and output addresses used on the Nascom Z
board itself is as follows:

PORT Dutput Bit Input bit
PO 7 Mot available 7 Unused

6 Mot used b Xeyboard Sb

© Unused C Keyhoard 33

4 Tape drive LED 4 Keyboard S5

3 Single step 3 Keyboard S4

2 Unused 2 Xeyboard 30

. 1 Reset keyb'd count 1 Xeyboard 82

0 Clogk keyb'd count 0 Keyboard $1

P4 0 - 7 Data to UART 0 - 7 Data from LARY
(Serial port) {(Seriat port)
P2 0 - 7 Not assigned Data received from UART

ART TBR empty
Not assigned
fiot assigned -
F error on UART
P error on UART
0 error on UART
Not assigned

(=T K N N = |
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PURI Used for

P3 Not assigned Not assigned
Pi FID pori A data inpui and cuiput

P5 PI0D port B data input and output

Pb P10 port 4 control

P7 PI0 port B control

The PI0, IC19, although physically one component, contains two almost identical input/output
ports, which are referred to as 'port A" and ‘port B' of the PI0. They are assigned separate

eboelida addeanzos fon cocans
absolute addresses for access by the computor as shown above.

The remaining ports (P8 to PFF) can be used on expansion boards. If they are not present the
link/switch LSW2/8 should be set for INTERNAL operation. If the ports are_used, then it must
be set to extermal.

1.8 Power supply requirements and connections

The powar supnly requirements for a Nascam 2 hoard are as follows:

Voltage Current Connected to
+5 ¥ 2 Amps max (typically 1.5 Amps) TP 17

+12 ¥ 250 mA max | TP 16

-5 250 mA max TP 14

-2 v 25 mA {for RS232 interface only) TP 15
0V TP 13

Nete:

1. These requirements are for the Nascom 2 board only, without expansion boards.

2. If the wires connecting the power supply unit to the CPU board are over 18 inches (45 cm)
long, additional electrolytic decoupling capacitors should be fitted to all the supply lines

on the CPU toard.

3.Thick wires must be used for +5 V and 0 ¥V to aveid voltage drops.

k. All supply voltages on the CPU board must be accurate to +/- 5%.

5. The Nascom 3 Amp power supply unit is available and is switable for driving a Hascom 2
with at least 2 RAM boards. It provides +12 Volts at 1 Amp, +5 Volts at 3 Amps, -5 Volts at
0.5 Amps and -12 VYolts at 0.5 Amps.

6. If a power supply which does not have voltage crossover protection is to be wused then

diodes should'be connected as shown on the next page - ihe TN4001 is a suitable type iv use.
(The Mascom 3 Amp supply incorporates this protection already).
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1.9 Tuning the TV

The output from the modulator should be connected fo the aerial socket of the TV. The power
should then be turned on, and the TV tuned through the URF band until the computer output
becomes visible. There will be several points at which it is pessible te obtain a picture.

1.10 Cassette interface adjustment

Tha pman 3
The cassetts interf

operation the 1200 baud rate is recommended - the main reasons for the 300 baud rate are for
replay of tapes recorded at this rate and for pperation with serial printers operating at 30
characters per second. [ is also possible to use the cassette unit at 2400 baud, by linking
TPh to TP20 (transmit) and TP21 to TP5 (receive). Link/switches LSW2/2 and LSW2 /3 should be
in the upper position when using this 2400 haund option for transmitting, and link/switches

(SW2/5 and LSW2/6 should be up for receiving at 2400 baud.

amra 1g
aLf 135 oW

switchable to sneeds of aither 300 baud or 1200 baud. For speed of

T

k1 Lam
u 1wy

Connections between the cassetie unit and compuier should be wade using screensd cable.
different output levels have been provided from the computer to the recorder - high, which
provides 500 mV and low which provides 50 m¥. On most recorders, it is preferable to use the
microphone input and headphone fmonitor fexternal speaker connection. 1t is also noted that
some recorders produce better results when the high output from the computer is connected to

the microphone input, even though this mighi not appear to be what one would expect.

The connections reguired are as follows:
Cassette output to Nascom - link to TPG or PLZ pin 16.
Nascom output to cassette unit -

Connect to TP7 or PLZ pin 14 for low output.
Connect to TP6 or PL2 pin 13 for high output.

The common {sarth) connections should be linked to TP8 or PL2 pin 15 or PL2 pin 11 using the
screen of the intercennecting cabls.

Yo obtain optimum results from the tape recorder interface, it is necessary to adjust the
potentiometer VR1, This can be done in two ways, depending on the availability of a multi-

mataer
MoeLol -
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1. Without a meter

an he done by turning the adiusting screw 15 tures anti-clockwise,

followed By 5 turés clﬁgiwiie (since it is a 10 turn potentiometer).

Copy a singie character into 2 biock of memory using the M and ( commands of NAS-3Y3.

Enter X mode.

Dump dats ontc cassette for about § minutes at 300 baud, usirg the T command from KAS-SYS.

Rewind the cassette. Set volume and fong controls to mid rangs.

keplay the dzta into memory using the L or V commands,

Ine incoming deta will be written across the bottom line of the screen, sng ii it has nel jeen
1

corrupted, it will then disappear. Any errors will cause the linas concerred to be scrolled up
the screen.

Tne cessette replay volume should now be adjusted to find the levels between which it can be
R L dada s ammrmde D s TF bhaws mma mamm [N Liom dbhim anddice =f 1B abanld s =ldomed
obl WlLNUUL Udld RUTTUDLIU. 41 LHEIE dlE M ULLIEIS, ITedf LG SELLINY Ul YR SHULELY LE alluiby
by one turn znd the procedure repeated.

Finally the whole procedure should be carried out at 1200 baud to confirm coerrect operation at
that speed.

2. Use of 3 multimeter

Temporarily cennect TP6 to TPY.
Type R <ENTER> from NAS-SYS

Adjust VR, so that tke voltage reading on the meter is the same betwsen TP13 and 0 Volts as
between TP19 and +5 Volts. This has the effect of achieving an equal wark/space ratic on the

einnzal
glgnal.

Following this set-up procedure the correct operation of the computer can be confirmed by the
'ring around! test. Leasve TP and TPY connected and execute the WAS-SYS command, X0. It should
new be possible to type ore ar two characters and see these automatically leop round echoing

from sutput to input indefinitely. This test can always be used teo confirm that the interface
is fully operstional.

following these tests remember to disconrmect TPE from TP9!

Acknowledgements

We would like to acknowledge the valuable suggestions made by many Nascom users and dealers
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External Connections

OV -5V -12V +12V +5Y

AN 5 Y !
Y W !
AN
: -
PL1 77way Edge Connector NASBUS . \ \H
N !
- - LR
|| “ 13 14 151617
LSWL
H H H LKS1
BUSRQ—>-+18
LEB1 —
LKB4 RAM/EPROM
S b e £
BLANK < » 23 — Link Options.
LKB2
VBLARE <—3 - -+22
LXB3
17600z ~<—T\ LKBS
\\ ) .
A0GHz <1l =2
LKB6 |- !
LSz —
TEST ———— %24 LER7 ]
PLL 38.4 kBz —€| _
Cassette Schaitt +-“'2§ —_ !
“agsette Schami el ;
:20 LKBS -
ag.amte <3 -
Tourd Mur ~1 sl .
—3— Port 0 LEBS —_ e RAM/SPECIAL
/ O
//’ bit 7 In
5 102 Link Options,
*a ®
c 1 >{*8
agssette In . \¥\\“ Modulatar

ov . i - §
Casaette Out 50wV <717

Cagsette Out 500mV —¢++6

]
£

Serial
Port

to 0 I/0 Porte

Eeyboard

Cassette
Adjust

Phono socket: e
TV aerial sodket



1.12 External Socket Assignments

The four main interconnection sockets are assigned as follows:-

FLi refer Lo NASBUS functional specification
PL2 (SFRTAT} 1 DRIVE 2 20mA LOOP IN
2 +5V 10 +12V
3 RS232 IN 11 GND
4 EXT TX CLOCK 12 20mA LOOP QUT
5 EXT RX CLOCK 13 CASS. OUT HI
6 R5232 OUT 14 CASS. OUT LO
7 -12v 15 GND
g2 sparc 16 CASE IN
PL3 (KEYBQARD) 1 D§ 9 D4
2 +5V 10 RESET SWITCH
3 b1 11 D5
4 NMLSW 12 1IC24/2(02)
5 D2 13 D6
6 1C24/L5 (053] 14 IC24/5 {Ql}
7 D3 15 D7
8 IC24/7 (O2) 16 GNN
PL4 1 B5 14 KC
2 B4 15 Al
3 B6 16 GND
4 B3 17 A2
5 B7 18 GND
o B2 12 a3
7 ARDY 20 +5V
8 B1 21 A4
9 BSTE 22 45V
10 BW 23 a5
11 ASTB 24 A7
12 BRDY 25 A6
13 AQ 26 NC

IMPORTANT
PL?2 CARRIES #12V RAILS ; THE KEYBOARD
MAY BE SERIOUSLY DAMAGED IF IT IS
CONNECTED TO PL2.
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Test Points

POINT

(1)
(2}

PARAMETER

300Hz from IC31/3
1760 Hz from IC21/1

Ext T¥ clock input
Ext Rx clock input
Cassette 500mvV (HI)
Cassette 50 mvV (LO)
Ov for cassette 1/0
Cassette Input

Cassette Drive (see note

Ov for video

video output sidgnal
ov

-5v

~12V PSU inputs
+12V

+5V

BUSRQ (Bus Reguest)

Actual Frequency 1748Hz

May be used to drive a relay:

At @ bhie 7
ort ¥ it |

NASBUS line 18

LOmA max.

CCT. DIAGRAM SHEET

[ T o I A R (5 N A S (S S

PN N

—= TP10

Cassette Schmitt output (Input signal after

squaring)
38.4KHz {(IC22/1)

38.4KHz from PLL (IC23/IC306)
VBLANK  Vertical blanking signa¥ from IC59/2

BLANKING Compined b

lanking signal from IC8/3

[ S ST )

e



Compenent List, Circuit Reference Drder

" 1.14

IC TYPE LAYOUT | INSERTED  QIC TYPE LAYOUT  INSLRTED R TYBE LAYOUT INSERTED

REF . CHECX. RLF, CHECK . BEF CH&FK
1| #R 3880 -4 59 |( ) 56 1 74504 110 ) 34 1470 | 2 ()
2 | 74LS257 we (0] 57 | 7418123 B12 () 15 | 2x7 2 « )
3| BlLs&7 T11 | ( } sg | 7418122 21N [ 16 2KT =2 £
4 | 811897 w8 3 59 | m2v/2 012 [ 37 Lok E2 ()
5 | ‘DPE304 wliz | { ) 6o | 74nsco K10 { 38 10K EZ t
B | 74L304 Ua (U 61 | 741811 B14 € 39 | 470Rr vz )
7| 81Ls97 7 {1 2 | 7418157 k12 { 1 40 10K E2 {
8 | 74L808 R4 . 63 | 7418157 jel* L) 41 1Mo Fl to
9 | W2DB ws | 0D 64 | 7418157 112 ¢ 42 | 1som c4 ()
10 { 74LS32 3 (I 65 | 7418165 Jiz Lo 43 4K7 c3 o
1| 741514 5 ol bb | MAS - ASN pil4 S 44 10K o2 Lo
12 | 7418221 C7 ¢ ! 67 | 7418273 QL4 3} 45 1KO 02 toy
13 | 741574 Fr2 [ ) 66 | 7418193 L12 ¢ 46 1KO R2 ro
14 | 741574 P2 ] 69 | 74LS32 R S 47 LKO R2 )
15 | 741574 p4 () 70 | DPB304 W13 ) 48 1KO E2 L)
16 ) 741874 e {1 73] T4L513 ME ¢ 45 1KG Dz il
17 § 741874 w4 £ 50 1KQ G2 {1}
18 | 7406 ud S 51 1KO F2 (¥,
19 | MK 3881 -4| =E9 o RESISTORS 52 | 470w R3 (1
20 | 6402 1% Lo e — 53 LKO F2 ¥
21| 4s26m s Lt R TYPE LAYOUT | THSERTER Ty | 1xo wio ¢ 3
22 | 4526B M7 ) 55 MLO
23 | MC 140488 M4 {3 i 2K2 R3 ¢ 56 izi U2 E :
24 | 7418378 F5 10 ) 2R b2 £ 57 | 1ok v2 {0
25 | BlLs97 D5 ) 3| doK ve t 58
26 | nzrosi 7 | ) 4] oK T2 ¢ 59
27 | 4070 B HS ) > | LOK T2 Co 60
28 | 4011 B F7 3 6 2Kz vz ¢ 61 15K c12 ()
25 | 4013 B SR 7y K2 D2 ¢ 62 | 10K ci2 ()
30| 4520 B u7 ) e 282 T2 ¢ 63 10K H14 [
31| 4024 B g7 | ) 5| 2K2 vz C 64 | s20mr | m13 {0
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