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PC boards ale bad solder joints or solder
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Fieure I. CROSS-SECTION OF A PC
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Acoldsolderjointischaracterizedbya.du]-l.surfaceandusuallvalumpyor
balled appearance. rt take. pt"J"sl'd patience to obtain a good soider joint

consistently. H-o-*".r.r, the iit"t step is to "pi-y 
firuc to ill t:.lt"ctions before

the solder. Second, heat the "oi"tttion 
for a second or two with the soldering

iron. Third, appty solder t".d" ;;;;site side-Jth" "o"""ction' 
Donrt touch

tlie solder to the iion. . Frur h"';;Y';;r;g1i-"ri"., on solder which causes the

sorder to flow sloothly, "or.rprltlv'iir-r-irrjtrr.c-;-rr.ction. 
If flux is nst used

or the rnetal aror:'d the connection is contarninated (dirty) it is almost irnpos-

sible to have a good solder joint'

olderbridgesar'eusuallycausedbyusinga.solderingirontipthat'stoolarge'
solder wire thatrs too large, t;;;i"gio i""rt tt'" SouI U-"" l srnall spade tip

iron (see figure 2). Touch.th"-to""'""-tion with it'""n"t side of the tip' After tne

fluc bubbles, touch the solder t.-itr" oPPosite side of the connection' Again'

donrt touch the solder to the iron. ThL connection is hot enouqh to melt the

solder causing,it to flow_"ro'"tJihe co.,rrecrio,.'. Do not use too much solder'

Use a little and watch it flow.--ioider is like spice for cooking' donrt use too

rnuch.

Applyingheatforextendedperiodswillcauseeitherorbothofthefoilowing:
tr.Le trace or pad wili lift frorn tlulo"ta or the board rnateriai wiII turn brown'

Rernove the iron before this haii";;:-b;3,rrof;virt counts the bubbles that pop

in the solder. He found "t'''u" 
iJ nine bubbf"' it""'-tted good solder flow without

over hea ting.
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The EPM-Z is a rrrernory board designed to interface programmed 2708rs or
Z716's to the S-lO0 (WAMECO1V) bus(see Tables I and II). Provisions have
been made for multiple wait statestmerrrory addressing options and phantom
disable. Any multiple of one mernory chip can be used in the board and the
board start and stop address can be set in 4 K Byte boundaries anywhere in the
65 K Byte rnernory of your cornputer. If.4 K Bytes or less, the board can be
configured to occupy only the amount of 4 K Bytes in the rnerrrory map of your
cornputer. This selection can be increased by 4 K Byte increments until the
full l5 K is selected for the 2708 configuration and 32 K for the 27l6 configuration.
The board is designed to use the single voltage 27I6 mernory chip.

Parts List

Tools or supplies needed to assernble gd t""t EPM-Z

Part

2? 1tF 70Y Tantalum capacitor

.l g,F cerarnic disc capacitors

2.7 KQ l/+ Watt carbon resistors
7805, 3OgT-5, 340T-5
74LS t 38
2708 or INTEL 27l6
7812 or 34OT-lZ

7 43?
7 4LSZ0
?905 or LM3ZOT-5
8098 or 74368
7 4LS7 4
7 485
8097 or 74367
7 4A4
I position dip switches
14 pin low profile sockets
i6 pin low profile sockets
24 pin low profile sockets
Aham #36i heat sinks
I" jumper wires
insulating washer

Schernatic Identifier

c I, c I I, C?3, CZ4, CZ6,
cz7, c3t
c? -cro, crz-czz, c25,
czg, czg, c3o
RI-R14
u l, v3"
tJz, u3l
u3-ut0, u14-u2l
utl
uiz
ut3
uzz
uz3
TJZ4

vz5, uz6
vz7, u28, u30
uz9
sl, sz

I
1

1

I
I
i
I
I
I
I
I
i
I
i

Quantity

7

?4

T4
z
z

l6
I
I
t
1

i
I
?
3

i
z
A
=
8

t6
A.t

z3
i

2

Q Tip cotton swab
pair needle nose pliers
pair diagonal cutting pliers
bottle rosin fh:x
tube silicone therrnal compound
jar solder cleaner
roII solder wick
Phillips screwdriver
small adjustable wrench or socket to fit regulator nut
roII (. 03I" or . 040") SN50/40 rosin core solder
25 to 40 W soldering iron with small spade tip
strong light
magnifying glass
XACTO knifewith nurnber 16 blade
multirneter with leads
power supply with variable outputs
computer w/RAM Mernory board



S-100 (WAIIIICO) IJUS DUSCRIPTION (cront inut'tl )

, .rbV
2 +15V
3 XRDY
4 vrq
5 VI1
6 Vrz
7 Vr3
8 vr4
9 VIs

10 vI6
11 Vr7
L2
13
L4
15
16
t7
18 STAT DISABLE
19 CIC DISABLE
20 UNPROTECT
2L SS
22 ADDR DSBL
23 DO DSBL
24 92
25 91
26 PHLDA
27 PWAIT
28 PINTE
29 A5
30 A4
31 A3
32 A15
33 A12
34 A9
3s DO1
36 Dop
37 A10
38 DO4
39 DOs
40 DO6
41 DT2
12 DI3
43 DT7
44 SMI
45 SOUT
46 SINP
47 SMEMR
48 SHLTA
49 CLOCK (2MHz)
50 GND

Pin MNEMONIC

51 +5v
52 -15V
53 SSW DSB
54 EXT CI,R
55
56
57
58
59
60
61
62
63
64
65
66
67 PHANTOM
68 MWRITE
69 PS
7A PROTECT
7L RUN
72 PRDY
73 PINT
74 PHOLD
75 PRESET
76 PSYNC
77 PWR
78 PDBIN
7e A9
80 A1
81 A2
82 A6
83 A7
84 A8
85 A13
86 A14
87 A11
88 DOz
89 DO3
90 DO7
91 DI4
92 DIs
93 DI6
94 DI1
e5 Drp
96 SINTA
97 sl{o
98 SSTACK
99 POC

1OO GND

Pin MNEMONIC

v
L

AA
AB
AC
AD
AE
AF

Alter. Term.
pin
des ig .

x
x
x
X
x
x
x
x
x

x
x
x
x
x
x
X
x
x

x
X
X
X.X

X
X
X
x

x
x
x
x
x
x
x
x

A
B
(l
f)
F:

F
II
J
K
I,
M

N
P
R
S
T
U
v
1{'

x
Y
z
a
b
c
d
e
f
h
j
k
1

m

n
p
r
s
t
u
v
w
x

x
x

x
x
x
x
x
x

3
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S-IOO (WAMECO) BU5 D.L5CRIHT'IUI\

Mnemonic Enabled State De s c riotion

{8 Volts NA Unregulated +8 Volts DC.
This voltage should not be
less than *8 or greater than
+ I I volts.
Unregulated +I6 Volts DC.
This voltage should not be
Iess than + l6 or greater
than +20 Volts.

Causes CPU to enter WAiT
state when enabled.
Vectored Interrupt priority 0

Vectored lnterrupt priority I
Vectored lnterrupt priority 2
Vectored lnterrupt priorrtv 3

Vectored Interrupt priority .1

Vectored Interrupt priority 5

Vectored lnterrupt priority 6
Vectored Interrupt priorit-v ?

Not used
Not used
Not used
Not used
Not used
Not used
The eight status line buffers
on the CPU board enter thc
high irnpedance state rvhen
enabl ed.
The six command/control
line buffers on rhe CPU board
enter the high irnpedance
state when enablecl.
Cornbined with address in an
AND gate on a nletnorv board
rvhich causes the PROTECT
flj.p-flop to be cleared.

Indicates the CPU is single
s te pping.
The l6 aCdress line buffers
on the CPU board enter the
high irnpedance state when
enabled.
The eight data-out lines on
the CPU board enter the high
irnoedance state when enabled.
Buffered TTL CPU phage Z

clock.
Buffered TTL CPU phase I
clock.
CPU board "Hold Acknowleciqe"
to HOLD-H input.
CPU output showing a WAI f
state is occurinq.

+ I6 Volts

XRDY

silr DTsABLE

SS

ADDFTTSEL

DI'TSE-L

6z

ol
PHLDA

PWAIT

NA

vr0
vrr
vrz
VT.r
vI4
v15
vr6

l:l

4
5
6
7-
8
9

IO
II
TZ
t3
l4
is
r6
L7
l8

Low

Low
Low
Low
Low
Low
Low
Low
Low
NA
NA
NA
NA
NA
NA
Low

I9 C / C DISAB LE Low

zo UNPROTECT High

ZL High

Low

Low

High

High

High

High

Figure

zz

z3

25

z6

z4

4 z7

38.



S-tO0 (WA:\4ECO) IIUS DESCRIPl'lON ((-,rrrt )

z8

z9
30
3I
3Z
33
34
35
36
37
38
39
40-
4I
4Z
43
44

45

46

47

48

49

50
5l
5Z

High

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

High

High

High

High

Low

NA
NA
NA

Pin # Mnernonic Enabled State De sc ription

CPU outPut showing that
lnterrupts are enabled.
Address Bit 5

Address Bit 4
Address Bit 3

Address Bit l5
Address Bit lZ
Address Bit 9
CPU Data Out Bit I
CPU Data Out Bit 0
Address Bit l0
CPU Data Out Bit 4
CPU Data Out Bit 5

CPU Data Out Bit 6

Data In Bit 2 to CPU
Data In Bit 3 to CPU
Data In Bit 7 to CPU
CPU output indicating it is
performing Fetch lnstruction.
CPU outPut showing it is in an
output cycle.
CPU output showing it is in an
input cycle.
CPU status signal indicating
the current cYcle is a iVlemorY
Read cycle.
CPU status signal indicatins
the CPU is halted.
A buflered ? MHz clock for
general use.
Ground (comrnon)
(Sarne as pin l )

Unregulated-16 Volts DC.
This voltage should not be
greater than -16 or less than
- 2 0 Voits.
Sense Switch Disable disables
CPU board data inPut buifers
so that CPU can read sensc
switche s.
Front panei generated
clear signal.
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used

L/O

PINT E

A5
A4
A3
Al5
At2
A9
DOI
DO0
Al0
DO4
DO5
DO6
D12
Dl3
D17
SMI

SOUT

SINP

SMEMR

SHLTA

C LOCK(zMHz )

GND
*8 Volts
- I6 Voits

53 ssw-DsE' Lorv

54

55
56
57
58
59
60
6I
6Z
63
64
65
66
b,

#
.LX I (-LK

PHANTOM
Figure

Low

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

38 (cont inued)
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S-100 (ry\.AMECO) BUS DESCRIPTION (Cont )

Pin # Mnemonrc Enabled State De scription

68

69

70

MWRITE

Fts

PROTECT

RUN

PRDY

triFT

trFio-tD,',

FRESFT

PSYNC

AO
AI
A?
A5
A7
A8
A13
Al4
AIi
DOZ
DO3
DO7
DI4
DI5
D16

High

Low

High

High

Low

Low

Low

Low

High

Low

Low

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

3R (continued)

CPU output showing Data
Out Bus data rs to be written
into the memory selected by
the addre s s line s.
Shows Protect Status of
selected merrtclrv.
Combined with address in an
AND gate on a memory board
which causes the PROTECT
flip-flop to'be set.
Front panel indication that
CPU run instruction has been
input.
Causes the CPU to enter the
WAIT state when enabled.
If interrupts have been en-
abled causes the CPU to enter
the lnter rupt Acknowledge
condition at the conclusion ol
the current instruction.
CPU input which causes a
HOLD status to occur. DNtA
transfer request signal is
ffi.
CPU board system reset
signal.
CPU output showing the start
of a new machine cvcle. This
signal is used on the CPU
board to enable the Ioading
of the Systern Status Latch.
Indication that data on the
Data Out Bus is to be written
either to a memor)'i or an
l/O cevice.
Indication to the selected
merrrory or I/O device that
the CPU expects data on the
Data ln Bus.
Address Bit 0

Address Bit I
Address Bit 2

Adciress Bit 6

Address Bit 7

Address Bit 8

Address Bit I3
Address Bit I4
Address Bit I I
CPU Data Out Bit 2

CPU Data Out Bit 3

CPU Data Out Bit ?

Data In Bit 4 to CPU
Data ln Bit 5 to CPU
Dara ln Bit 6 to CPU

7l

7Z

73

74

75

76

17 ffitr

PDBIN78

6

79
80
8l
8Z
83
84
85
86
87
88
89
90
9I
9Z
93

Figure



Pin f

s-100 (wAMEco) BUS DESCRIPTION 1

Mncrnonic Enablcd Statc

94
95
96

97

Da
Da
cr
sig
cs
CUI
wr
rl(
cI
ad
sti
CY,

opl
'Pc
Gr

ffi
.GND

99
100

98 SSTACK

High
High
Hrgh

,Low

High

. 
t-

Low
NA

DII
Dl0
SINTA

swo

Figure 38 (continued )



I.@
I-1. Before placing any parts on the board, check the board for any hairline
shorts (slivers). AII boards have been inspected at least three tirnes before
shipping. Still, a good hobbyist checks any board he buys.

bZ. Using a strong light and a magnifying glass, very carefully check all
Ieads on the top of the board ( this is the side rnarked COMPONENT SIDE).
If any slivers are found, carefully cut and scrape them with an XACTO knife.
The underside of the board will be checked after assembly.

I-3. Place aII the 14, 16, and ?4 pin sockets in their positions on the top side
of the board.

l-4. After positioning all the sockets in place, check to ensure that a socket is
not in the position Sl or SZ. Dip switches will not stay in place in a socket.
Place a book on top of the sockets, hold the book tight against the board and turn
thern over so that the underside of the board is up. Press down on the board and
solder one pin on each end of each socket. This will ensure the sockets are flat
against the board. When the tacking of all sockets is cornpleted, finish soldering
all the other pins of the sockets.

xotE

DO NOT PUT IC'S IN SOCKETS AT THIS TIME. THEY WILL BE
INSTALLED LATER.

I-5. Bend the leads on all the resistors (2. 7KQ RED, VIOLET, RED) and place
in board. Check parts placernent drawing (figure 3) for correct locations. Bend
the leads of the resistors on the underside of the board to retain thern in place
until they are soldered. Turn the board over and solder all the resistors. Clip
the leads of the resistors fiush with the underside of the board with the diagonal
plier s.

I-6. Put the leads of. C2-CI0, CIZ-CZZ, CZs, CZ8-C30 (. 1 prF) disc capacitors
in the board. Check parts placement drawing (figure 3 ) for proper locations.
Bend the leads of the capacitors to retain them in place until they are soldered.
Turn the board over and solder the capacitors. Ciip the leads of the capacitors
flush with the underside of the board with the diagonal pliers.

I-7. Place CI, Cll, CZ3, C?4, CZ6, CZ7, C3I (Z? pF tantalum) in place. Ensure
that the polarities are correct. Check parts placernent drawing (figure 3) for
correct placernent and polarity. Bend the leads of the capacitors to retain them
in place until they are soldered. Turn the board over and rest it on books. S older
the capacitors in place. Clip the leads flush with the underside of the board with
diagonal pliers.

I-8. Put the eight position dip switches inplace. Ensure that switch Sl is installed
so that the OFF position is towards the gold fingers of the board and switch SZ is
installed so that the OFF position is toward the voltage regulators. Bend the two
pins at each end of each switch to retain it in place until it is soldered. Turn the
board over and rest it on books as before. Solder the eight position dip switches
in place.
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I-9. Before installing the regulators, it is recornmended that they be tested for
proper voltage regulation.

H
GROUND

To prevent oscillation of the regulators, assernble a test rig as shown. The
caplcitors rnust be installed ovserving the correct polarity. This test rig is for
pr-e-installation testing only. The filter capacitors installed on the board serve
ihe 

"arne 
purpose in the final assernbly. Attach the power supply, rnultirneter,

and capacitors to the 7805 as shown in figure 4B. Place the rnultirneter in a DC
range lttat *itt allow l0 volts to be displayed. The regulator needs a 2.0 volt
rnin-irnurn d.ifference between the input voltage and the regulated output voltage.
tf the power supply has a voltrneter, observe the input voltage during the test
using that. If the power supply does not have a voltrneter, switch the * rneter
Iead. between the input lead and output lead. The input and output voltages can
this be observed

I-10. Slowly increase the input voltage and observe the input and output voltages.
When the input voltage is between 7.0 and 7.5 volts, the regulated output of a
properly operating 7805 should be between 4.8 and 5.2 volts. Replace the reg-
ulator if it does not rneet these lirnits.

I-lI. Attach the power supply, rnultimeter, and capacitors to the 78I? as

shown in figure 48. Place the rnultirneter in a DC range that will allow 15

volts to be iisplayed. The regulator needs a ?.0 volt rninirrrurrr difference
between the input voltage and the regulated output voltage.

1-IZ. Slowly increase the input voltage and observe the input and output voltages.
When the input is between 14.0 and I4.5 volts, the regulated output of a properly
operating ZgtZ is between I1.8 and l?.2 voLts. Replace the regulator if it does
not rneet these lirnits.

.IONS

8lz

IONS



l-13. Attach the power supply, rnultimeter, and capacitors to the 7905 as

shown in figure 5^8. Placelhe rnultirneter in a DC iattge that will allow I0
volts to be aisprayea. The 7g05 needs a 2.0 volt rninirnum difference between

the input and regulated output to work properly. If the Power supply does not

have a voltrneter, switch the - rneter lead between the output and the input lead

of the regulator during the test'

I-I4. Slowly increase the input voltage and observe the input and output voltages'

When the input voltage is between ?. dand ?.5 volts, the regulated output of a

properly op"".tirg 1TOS shou|$ te between 4. 5 and 5.5 volts- Replace the

i"girr"t"" ii it aoel not rneet these lirnits'

I-15. When the regulators have been tested as outlined in I-10 through I-14'
place the regulator-s on the board so that the rnounting hole of the regulator lines

upwiththecorrespondingholeoftheEPM-Z.Check-thepartsplacernentdrawing
(figure 3) for corrLct plaierneni "f ttt" regulator. Note where the leads of the

regulator pass over ttie conne.ti"t holes 6n the EPM-2' Bend the leads of the

regulator so that the leads can be inserted into the ProPel holes' Mount the reg-

utator on the b;;J;;ing " #6 t; ;;J" 5/8" 5-30 screw' Insert a heatsink between

the board and th-e-,.g.rr""to". Solder the leads of the regulator in place'

I-15. Rernove the nut and screw from the regulator' Bend the regulator upward

and remove the heatsink. Place a rnoderate arnount of therrnal cornpound on the

underside of trre regrri.tot and heatsink with a cotton swab' Coat all of the area

rnentioned with an even layer of the therrnal compound , reinstall the heatsink,

nut and screw. On the 7g}sts install the insulatingwasher to isolate the -l5V
input frorn ground. Ensure the nut is tight'

I-17. Clean off the fh.:x on the r:sderside of the board with flux cleaner'

u-i. use a bright light and rnagnifying glass to inspect all the traces on the

underside of the board. If any Jti.r."riie found, cut and scraPe thern with an

xAcTO knife. use the solder wick and soldering iron-to remove any solder bridges

found. cover the solder bridge *itrt rito and place a clean piece of solder wick

on top of the bridge. Place the- soldering,i-ron o.n top of the solder wick and hold

until solder is seen flowing ,tp itttt the s|lder wick' Rernove the iron and wick'

Check to see if tf*-Uilage ita" has been cornpletely rern-oved'-- If not' repeat. the

process r:ntil the bridgu-h"" u".t 
-""rt 

oved, 
-crean 

the fh,uc off the board with flur<

cleaner.

TO'E

AT THIS TIME, NO IC'S LI.AVE BEEN INSTALLED ON THE BOARD'

DO NOT INSTALL IC'S ON THE BOARD UNTIL CALLED FOR IN THE

CHECK OUT PROCEDURE

II-2. Place the rnultirneter in the R x I scale' Place one probe on the gold finger

for pin I. pfa""-ifr. other probe-sequentially on all the other fingers to check-for 
-

shorts. Repeat this procedule_ i";;"; pin. There should be only two sets ot prns

that are shorted; I to 5I,and so-1t roo. if 
"rry 

other nai-r 9!pins are shorted' use

a strong light "ra tt"gaiti;g gI;"-;;rocate ir'e soraer bridge or silver causing

11



the short. When the short has been located, correct it as outlined in II-1. If
there is no solder bridge or sliver, a component is shorted. Check the EPM-Z
schernatic (figure 6) to locate the probable component. Lift one lead of the
suspected cornponent and recheck between the two fingers that had a bad reading.
If the bad reading is now correct, replace the cornponent. If the reading is still
b4d, continue troubleshooting until the faulty component is located and replaced.
Ensure that ail corrrponents that had a lead lifted have the lead reconnected.

WARNING

DO NOT INSTALL OR REMOVE ANY BOARD IN COMPUTER WITH
POWER ON. DAMAGE TO BOARDS AND COMPUTER MAY RESULT.

II-3. Ensure cornputer is OFF. Plug EPM-Z into the rnotherboard. Check
that the EPM-2 is correctly ptugged in and that the board is fully seated in the
connector. Ttrn the cornputer power ON and check the outputs of each regulator
on the EPM-Z. tf the regulators do not have output voltages as stated in I-10,
I-12; aindl-14, turn the cornputer power OFF and replace the defective regulator.
Repeatl-10, I-I?, or I-14 as appropriate to check out the new regulator before
installing. If the voltage on the regulators are not correct now, check the voltages
on the rnotherboard, If the voltages on the rnotherboard are incorrect, repair
the power supply as needed. If and when the voltages check good, turn the cornputer
power OFF and rernove the EPM-Z from the rnotherboard.

II-4. Select the proper wait state and EPROM configuration on the board by
installing the jurnpers on the EPM'? as shown in table III.

II-5. Clean off the fh:x on the underside of the board with flux cleaner.

il-6. Install all the ICrs on the EPM-2. Check parts placernent drawing (figure 3)
for proper location and correct polarity of ICrs.

CAUTION

ENSURE ALL IC'S ARE INSTALLED CORRECTLY. INCORRECT
POLARIZATION OF IC WILL RESULT IN DAMAGE TO IC AND CAUSE
SUBSEQUENT TROUBLES TO APPEAR ON THE BOARD.

U-7. The address range of the EPM-Z is set by the start and stop address selected
on 52. The rninirnum range is 4 K Bytes. Select the address range desired using
the rnernory address range select portion of Table ltl.

II-8. The EPM-2 rnay be populated one EPROM at a tirne. The lowest rnernory
address on the board is the top left hand chip U3. The address range increases
to the right. The lower row of EPROMs are the higher addresses and also
increase to the right. The highest address chip is UZl.

12
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TABLE III. EPM-Z BOARD CONFIGURATION
JUMPER SELECTION
Wait states

0
Conrrect D22 to

Dlg
D20
DZL

to
DZ
Dtz
D13
Dt4
Dr5
Dl8
Pin Z0 at each ROM location

t
z

IOTE

u24 NEED NOT BE INSTALLED IF THE'tNO WAIT" STLECTION IS MADE

Z7O8 - 16 K BYTE CONFIGURATION
connect to

DI D3
D4 I)I2
D6 DI3
D8 D14
DIO D15
D16 Dt7

Pin 18 Gror:nd at each ROM location

27 L6 -3ZK BYTE CONFIGURATION

connect
DI
D5
D7
D9
DII
D16

Pin 18

: - .'
MEMORY ADDRESS RANGE SELECT -

HIGH LIMIT . . Address Range
---g

:1

rI-F-*
!.*4-,,E

FI' ;.

FF'. EF.cs .gF.i

oN oN ,. oFF,i,ON
ON ON ON .*OFF
ON ON ''ON ,ON

a ;*!,,t.

5

pErFF
rF

J..LOW LIMIT

.*000C i:': ,QFFF
f fioo-*rrf:".if Fr



ITISRECoMMENDEDTHATTAPEBEAPPLIEDovERTHEERASE
WINDOWS OF THE EPROM'S AFTER THEY ARE PROGRAMMED' THERE

HAVE BEEN CASES WHERE A GRADUAL ERASURE OCCURRED BECAUSE

OF EXPOSURE TO ORDINARY LIGHT.

II-9. Prograrn the EPROM with the prog,r3P gittt in figure 7' Install the

EpROM in the first location to be tesied"(U3). The prograttt given for the EPROM

will sequentually check all the "ddt""s 
'and 

data access line-s for the location

that the EPROM is inserted in'

TABLE II.I EPM.2 BOARD CONFIGURATION CONT.

ADDRESS SELECT REQUIREMENT:

Low Lirnit Setting S Desired Address Range

xotE

TO'E

xott

WHEN POWER IS APPLIED TO AN 8O8O SYSTEM, THE MICROPROCESSOR

DOES NOT COME UP IN ANY DETERMINABLE MODE. TO CORRECTLY
INITIALIZE THE COMPUTER, HOLD THE STOP SWITCH IN STOP AND PUSH

THE RESET TO RESET.

II-12. Turn the cornputer oN. set the starting address of the EPROM board

into the cornputer and select EXAMINE'

U-I3. Enter the rnost significant Byte of the start address into the data

switches (Port FF).

Ir_14. select RuN. The prograrn wilr loop at 0H if the test is good.

FIGURE 7 DOES NOT CONTAIN THE COMPLETE PROGRAM' EVERY 256

LOCATIONS, THE SOURCE STATEMENTS ARE LOOPED' AT SEQUENCE 293'

DB O STARTED AND IS INCREMENTED EACH SEQUENCE UP TO SEQUENCE

548 WHICH IS DB ?.55. THIS IS REPEATED UNTIL ALL THE MEMORY

LOCATIONS OF THE EPROM ARE PROGRAMMED'

u-10. Ensure the cornputer is oFF. PIug the EPM-Z into the rnotherboard'
Check that the EPM-2 is correctly plugged-in and that the board is fully seated

in the connector.

U-lI. Set the address of the RAM board to 00000. Plug t-he RAM board

into the motherboard. check that the RAM board is correctly ptugged in and'

that the board is fully seated in the connector'

15



LOC OBJ

0000 z 10000
0003 36c3
0005 23
0006 AF
0007 77
0008 z3
0009 77
000A 2I0800
000D 36c3
000F 23
00r0 3608
00I2 23
00i3 77
OO i4 DBFF
0016 67
00 r7 c604
0019 322200
00rc zEz6
00lE zzz000
002 I 0600
0023 EB
ooz4 lE3D
0026 lA
oo27 EB
0028 223000
OO2B EB
002c 88
002D c20800
0030 13
0031 04
0032 3Azz00
0035 BA
0036 cA0000
0039 zAz000'
003c E9

003D 0l
003E 0z
003F 03
0040 04
0041 05
0042 05
0043 07
0044 08
0045 09
0045 0A
0047 0B
0048 0c
0049 0D
004A 0E
0048 0F

SEQ

I
z
3
4
5
6
7
8
9
IO
ll
LZ
13
L4
15
16
t7
I8
19
z0
ZT
z?
z3
?4 LOOPI
z5
z6
z7
z8
29
30
3l
32
33
34
35
36
37
38
39
40
4l
4?
43
44
45
46
47
48
49
50
5l
5Z

CSEG
LXI H, O

MVI M, OC3H
INX H
XRA A
MOV M, A
INX H
MOV M, A
LXI H,8
MVI M, 0c3H
INX H
MVI M, 8
INX H
MOV M, A
IN OFFH
MOV H, A
ADI 4
STA ZzH
MVI L, Z6H
SHLD ZOH
MVI B, I
XCHG
MVI E, 3DH
LDAX D
XCHG
SHLD 3OH
XCHG
CMP B
JNZ 8
INX D
INR B
LDA ?2H
CMP D
JZ 0
LHLD zOH
PCHL

DBI
DB2
DB3
DB4
DB5
DB6
DB7
DB8
DB9
DB IO
DB II
DB I2
DB 13
DB 14
DB 15

SOURCE STATEMENT

;JMP TO ZERO, GOOD TEST

;ERROR ADDRESS

;GET START OF MEM TEST

;SAVE END OF TEST ADDRESS

;SAVE IT
;CLEAR COUNTER

;DOESNT COMPARE, ERROR

;DONE, ALL OK !

;LOOP BACK

16 FIGURE 7. EPROM PROGRAM LISTING
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'Jri.li ltriq4t,u
;rfi.i€ li
81F i.:

r*-156 14

i'.rttll ll
' rrE:l h:

rJt:r5: 1;
8r:r54 1r:l

ErJ55 l:i
t:tBif ltl

'J8:7 rE;

8u:u fi
t:lE5:u lt
r1rt5n lE

'Jt15E: 
1F

rrrlr5i lB
ir85[, ]1
t-rf5E Jl
uuSF ::
rJt:rfB :4
uEi.l ii
uBfi it'
EE:.i i:
tit8r.4 2i
BBf! i:i
,rBtr: iil
i[tr:; :E
,trjt:,+ it
.rur::r ilr
80,:rn 2E

Eir:E: ir
ititii:tl
Er:tft :1
ior:E :.1
ql:t;.F j:i
r:lirirj l.l
t]rli1 ::
ttUi! :r:
B'J:: r?
irjr:$ lr'
110:5 ::r
rlirif jF
Errti? iE
EE;! it
,iEi! it,
EiriF lE
flrti8 lF

'JH:i 
4E

itiil, al
FiriE 4l
B{iF ,lj
,Jt:t!fi .14

68!i ,l:
80ti .lt:

:iuUPiE STFTE}IE}IT Lni tFi

i!!:- .ti
q;fi4 1t:.

16!5 4:i

E:tgB .18

fi.di 4?

iF9r: 4r.

isttt:.9 41,

4la'fi| 4E

6rp,t. 1F

N:.!l -78

aattL' -7t

WEE i;
aq?-F i-_

8E:6 iJ
Sair! ":1
8q!2 if,
68':-: ':?
8t13.1 :rj
Hl'll-r -r'{

ili; :;
i:i:i.t7 1E

b4-,i: ii
8il9'l 

"lt8,4?i iE
l-8--.8 =:F

80'-el- ;'l:

n4]:0 irt
Efr:.IE F,i

vq:4F ;,--

a6F$ ;,1

ESfiI F.=:

AvF!? ;-i

6qh7 ;,;
ABFA ;,i.4

f+-iqi ;.'-.

i./,FE. ;-e

g$ft7 ;-.t

,lqqz F-.i

88it! i,l'
grleF zE

itf# F.F

i8fii i']
Eillt' 7L

F$BE i'i
EfirF :'-:
atrtt 74

Brlet ?3
qr-te,? ?;,

i-xtl= 77

ttll94 7'/,

EtQEi 7'-t

666:ii ir
isttET 7E

,#gE 7r.

i1ffii1 i:-t

:,jl.lF i E :, ihiEl,rEljI

i,i' -l
:'f; ':
i't 7-

i'e 7{

l,:A 7=t

i,E :;
i,F i-
i'-. ,.!
i,E l.i
rt78
i,E .f
i'2 ilt
rrh !:

i,i-' 
-tJ

Lrc, :,-'

i,[: !';'
i,E; ;:
i'i l::'

'.'?" 7?
:.9 !u'1
'_'2 iL
\,9_, 1:

i,; iu
:''c l'=:

i,E -,i.

i'E lr-
i's_. i:t
i'[, -i_i

:,8 1i$r

i't, Lt:L

!,E L'J:.

i,t' i._':

i'E li.i
i,8 liti
i,E l,lrt:
i'? rilt
i'E fu::,

i,€. ItJ:.

i,E: l1u
0E 111

i.ir 11;
i,r; !i.i
:'E 1i:
i.i. r.1;
.,? rii
-ri 11;1

'-E LL-.
tra. ,"iti
'u?' i!:
IE 112
i-,1 L'l:
uE 1:.i
ii 1::

!E,'r

-r:.
ar
_r.,

TE

:,r
ar
-rj
ea,

l'l:'l

;1

t:
t'.1

',5
;,:,

r,;
t'.:.

Fr'-'a

;u

:_,

::
i9

;;
?:

i:i
,-+Lr

i{

n:

3d

:, -r

,rt
i:

ii
i+rr

:1.1

n:

:i:l

:j,l

!5
-lri
:17

9.!

lt
1t:nl

181

1t:i:

f[i
1ti4

1F:
l.r:tF,

181

trE: 16

i,E fi
0E li
tt9 L:+

0A 2q

f)E 2I
tE 2!
l,E -i:

be 24

0e. 21

i'8 2F,

0e, 2i
0B 2:_-:

'v?, ?:,

UB irt
i,8 it
bE :.!
uE i:
0Er r4
i'E 71

tB rB
iiB ::7
[iE ],i
0E l:i
trt 4u

0g .11

t'P. 4?

0E 4::

iE {,1

tiE 4l
0B 4',

i'E ,li
DE 4i
L'Ei 1!
!B -c'J

i,i :1
tB 5:
0g :i
[,E 54

0e,'ri
i,Er 5::

08 :;
t,E 59

bE -1-,

0E i:rj
[:€ r:1

0E d:
0E ;i
i,g 64

t,8 t:5
i,8 r5,;

98 i;i
iE a:
CE a3

t8 78

lEir

It:|i
1n'r

1lrj
.!.u
rr:
lli
114

ti:
11i
!1;
I ti.

l1!
tz!
| -r4
lLa

122

l::
1:.f
1::
1:f
127

t:-

L;:.
I:E
i:1.
lr:
l::
1:4
l.::
r:',
l:;
lii
[:i
l'ii-t
1..r1

L4:
L.::
lJ4
L1:

11',
14I
148

t4:.
1:E
1:1.

i:;
r::
a E-ra_3

13:
'! -rh

;--l -r.
I E3

1ii.
L;-a

1;-
1;-,;
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Lt'lf ,rE i :iEil

16_:.

l';4
165

16F,

16;
16Li

1d9

1ir1

r;1
17!
t:--lr i

Ii4
ti5
lit
Iii
Ii+
1i:+

liir:t
tnr
I..IA

Lii

1!1
INE

1i:F:
Itl

1,::i

1-r$

M
1:{:
lirl
t!4
1!5
l!F,
liri
f{.s
I ',.aq:::
Jl:lt!

:81
:rl2
t03
3€r4

lg5
:86
:'Bi
!B.g

389

:18
:tr
LLd.

i1i
2t,l
!15
!16
'l-r lglt

Lr_'it- uE.i

68F1 E:
[rrFi Bi
8[tF.i- g:
{EF4 EN

uBF5 8ir

8FF; EH

UBff E8

0FFil Ei
8BF9 8ti

EBFH ElE

8f-rFE 8F

Fr:rFi r:U

HErFil r:l
Ut:tFE l::
r:lr:lFF r:j
d188 r-.1

Et1rJ1 i:
glir: i6
[l1rli- i:
u1E4 i!
r:l1t:15 i-':i

Ulrirt, r.tt
,31tii LE

'J18U 
ilr-

ti10r r:t'

81uF{ r.E

il1ltE L.F

810r- tlrJ

rtlt-tt tll
81uE tij
BIcJF ilj
611F-t tr4

rr111 Di
u11: D6

Erl1-i ti?

[1114 0:1

ErU5 [,9

A'1.1i' tiH

U11; FE

8Ui tj'-

11113 0D

irllx t€
0118 $F

E11t-1 Et1

[r11[i EI
BllE E.]

EllF E.;.

g11rr E.t

B1:T E5

t1?i E.5

81I: E;
E1;'4 Et
ri13: E-l

A116 EH

81a'7 EB

::Etl

-r.l i

.-:u

-ilt-

;;4

;:F,

i:x
.'::"i

i-1[t

l- I

_rl 
--ii-

::1
-_.: E

:li
:ii
-r--i

:,:,i

i4t:r

a{J.

:4i
r*-

i+'t
-,'{E
i.t.-l

i4r:
t.li
g'l.f

:4:j
i5r-r
_'g.r

a -ti
r l'
ae.ri _t{

g -rr.
',E1

i6€r

:61
:6i
:6i
:64

!fr,
:r:;
:ii
:'i:r
:;EI
ii L

iIEEfi iE
t:r,lFE iF
rlrlfit i1i
EBE[., ill.
ff8EE 81

EBEF gj
BxCE tr.{

E8[1 rj:
Bt:lt-j ifa

Edli. il]
[rt1i4 ui
trEtS iry
ittl[t ?fr

frirt i .iB

Br:rtii !:r,

r:r[l]-y ntt

E8ttfi ilE

r18r,Er i1F

BE|L':ir:r

80t-'tr 91

lfr:l-E -il
8t:1iF :1:

uBlii :i.t

Ar:{,1 :.i5

880i :16

'}stli !i
trr:rli.l i.ir

E8[r5 :1
i$:r[ri: 3H

tr8r- i :]F

4Eti,C :11.

[rr_10! :r[,

EBtir.r :?E

[il:t0E :]F

r18i!r: fr&

l:tliirt! H1

8[ttE n!
rrrr0F fil
r3r1E0 x4

drlEl fis
EEE: F6

EuiEl fli
ErT4 fi.q

EffE5 8:.1

SEE6 r{fi

8trE7 nE

EiES fr'l
8gE9 f,i)

A[€]t fiE

6FEB FF

irlEi EE

uirED 81

EL'EE Ei
gt:tEF 8.1

BirFu 8'l

:ilrl_lF:r. E _;Txi EI IENT

06 r:6
i€ t:;
tjF l:E
DF li:i
08 r_:u

[E 1:i1

0E li.i
06 1_:;j

tB 1l.l
0E r]5
l,F 1i6
irE fii
0E tjg
liF 1-1:i

i,E l4E
i,8 141

0F l4i
TlE 14:
08 114

0E 145

D8 146

0F 11;
tiB f.ir
[rE 141i

l,E 1lr:!

i€ !5r
iiF 15i
i,8 15:
tE 154

i.'E 155

iiE 15r,

i.,F 15;
0E 13i1

ii8 15:r

0E lEg
ii8 161

0E 16:
0t 16i
t)B 1i;4

t'Er 16.i

08 lb6
DB 16;
tE 168

0B 16:{

0g l;E
[,8 1?1

0E ri:
0E 1-.
tB 1i4
DB 1i5
0F 1?6

0E lii
08 1;g
0B 1i3
DB lirE

:;uUFji E :,TIITEi'IENT

0F lil
i,E: l':i
iE li1l
uE 1',j.1

0E; 1i5
ir8 l.ir,
i,i l.;i
L'E 1ii
i,i; 1:::i

irs; 1_i8

i't: 1:r1

ir8 1-i:
i,E: l:i:
[iE l.-1.i

[,Er l-":
[f l-iq.

i,E f-ii
i,E f-ii
[r!' j1+1i

i,E :utr
[,8 :iti
ir8 jr:r.

l,E iit-
t,F .t:t+

lr8 iti
i,E: jitd

tiEl ir-ti
iiEr lrJE

i'E: r[ir
rrE ji.u
t,8 :11
irE ir.
tF ill
oEr :1.1

l'r' i..1, -t

irF ifi
t18 :1i
i.r3 aLi

[,i: i1i.
trEr ::8
[iE 

-::1

'uE i22
i,E: 2!:
uE :;4
i!8 i.:5
iiE ii6
0Er ::i
ii8 ::E
[,8 ii:i
0g ::;t-l

i,8 :rt
tiE :i:
tiF ::ij.
[,6 !:'l
I,E :;i
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:.rJL,Frr:E 5TnTEltEllI

0E i5
0B -1t:

0E -:;
08 iii
[i6 i:]
ti8 4tr

iiF 1t
0E 4:
t:6 4-i

0E 44

IrE .15

T,E 4i;

ri,6 4i
06 '18

[rB .l:1

iiEi 5r:l

i.'F 51

i,E 5i
i,E 5i
08 54
f -?, ea
LrR ._r:r

i,F 5d

i,F 57

iiE 5i1

[i6 5i.

0E trt
iiF 61

0B 6:
tF 63

tj8 64

0Er 65

ljE bd

08 6i
DE 69

iiE i'j
ti8 ;E
0E 71

0B 7:
tiE il
i)E 74

rE 75

08 ?i
0E i;
i,F 7ij

0g 7!
0E 88

tE 81

tiE Si
08 El,

0E s4

t)8 S5

iE St;

tE gi
DB 8''j

ii8 8it

5Eir

: -.i

i29
i-iir
i31
-,-..

,:,ii

-ij4
3:i5

::(6
: --:
-.j.t

:ilE

:r.lil

:.tl
i{a

jll
:++
: -rcrt -'

lt.lE

:{4i
:{a
i43
i5E
i51
-:-rc.

-i5i
: E.r
J J't

-:i56
:qa

;i;
-:F,B

7.Et

iF,z
(h 'i

iE:4

_-1B-l

ii:6
-1F.7

::.6.q

i69
:-<?[t

-?.71

:\a a

:.( -!

l;4
i75

j'J /

1:t

379

388

is1

815F :_i

8168 :.t
8161 :i
416: 16

816-: :;
a164 28

61r:i ii+
g1t'6 c'tl

Bti? :E
8168 :r:.

Bt69 Zti

E16f :E
t-tlu8 2F

816i. j'tl

615[, :.-1

A1'5E r=:

[r15F ].1

8178 i,{
E1?1 i5
ttl72 

-iF-,

F1;i li
E1i4 i8
tl1;5 r=:{

E1i6 iF
.11n $
61;S il
B1i3 :-ii

617fr iE
6178 -rF

617[ 'lE
81;i, .lt
E17E 4:
8t;F 4l
8186 44

8181 45

6182 46

818_i 1;
B1E4 48

E1E5 49

8166 4fi

BlE? 48

81,98 1l
Blg_q .t0

818ff 4E

FlgB .IF

61.qr. 58

618r, 51

61EE 52

818F 5:.

6198 54

Ff.1 55

6192 5d

01-qt :;
6194 58

8195 59

ti8 3-18

0E Cc7

0E ii,c
c|8 :ir
08 :48
nE 2.{1

cB 34i
0g i4_:.

tB 244

tB ?45

0B 246

08 t4i
FB 34rj

DB :4:]
tj$ iSri
ii6 i51
L'N iJi

i,8 :5i
tiB 254
i-a itE

iiB l,j

tE1
0Bi
TiE 1

084
iiE 5
086
ir8 i
08u
ia9
i,F lr:t
FE 11

T,F T:
FE l:i
08 14

[iF li
s8 16

0B 17

0F 18

OE L-?

w2B
i,E 2L

tB 22

D8 23

['8 i4
0E :5
ii8 36

08 i7
iiF 2$

0B i'l
0E 3r1

DE Jl
08 i2
DE ]]
f,8 i4

Lr-'][ 0Ei5BilRCE STHTE},IE}ITLNi UE.I

!til{ L.L

E1!:? Eit

Elln EE

[T:F EF

r.!il:': FE

trlii' Fi
81JE F:

'JliF 
F]

il_iE F.i

rJ[1 Fi
rilli Frl

81-:j. Fi
Ell4 Fir

'Jli:5 F:r

t:lli-h FH

,Jl.l; FE

Eliu FI-.

ttl-i:l F0

BTifi FE

B1JF FF

Bll.t rlrir

[rl]t! i:rl

[rljE r:ri

tiliF 8i
t:114[t Bq

rJ1,ii t:t:

rrili iitt:

[tl.tj- l:t:

fli44 t3l

[1145 tjry

''J146 
Bti

8i47 HF

811Fj [rr:

814:1 l.-1ii

814fi EE

'J148 
HF

fr14i 18

t:t14i:' 11

rr14E l:
irliF t-:

8158 11

8151 1:
rr15i 16

815i li
8154 1:-1

8155 1:1

E15r'- 1H

61ti lE
EtSs 1i
rr1:9 10

61:F 1E

rltSF lF
[r15i :F
815tr i1
ir15E ::

::Eit

?::

:i1
n-EJi -l

:;6
ii i
-.':i

J.i -t

:El
g.f,l-

rO't

i"!rr.

gAf

;!s
g_11

:rq;,

:!4

i-1t'

!:19

i8E
_:;tr1

iEri
i8i
j1:t4

:.r:r:l

iBt:

iErg

3E!
ilEr
i11
--.t'l
fri

i11
i14
315

316
1.r -iIf

:Lt'

11!
i28
J -.-l

;.'):i4i

:i36
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- n-15. The prograrn will loop at 8H if the prograrn tests bad. Location 30H
will contain the failing address.

U-15. Lf the first EPROM location tested good, turn the cornputer OFF and
rernove the EPM-Z frorn the cornputer. Rernove the EPROM frorn the board
and place it in the next higher ITremory location'

II-17. Increase the starting address by 4 if. a ?7 08 is being used, by 8 if a
?7 16 ts being used.

II-18. Repeat steps II-10. IT-12 through II-17 until each rrlerriory location
has been tested.

xot:

THE PROGRAM IS WRITTEN FOR TESTING USING A 270& IF A 27T6
IS USED, CHANGE SEQ 17 to ADI 8.

II-f 9. This test will not test your EPROM'S, it wiII be assurned that the
EPROM you use is a known good unit. If any address fails, use the schematic
(figure 6) to deterrnine the probable cause.

U-20. The above instructions are written for a cornputer with a front panel
and capable of having a RAM board being addressed to 00000. If you ha.ve a
system without a front panel, have your jump to start modified to the various
addresses needed to test the board. tf your system will not allow you to address
usable rnernory at 00000 the prograrn will have to be rnodified to change the
input addresses to the range allowed by your system.

Elr--O-p=.f"tt"q-

UI-1. If the board is not to be operated in a rnernory bank selection mode,
all switches on Sl are to be set to OFF.

[I-2. If rnernory bank selection is made, the board will respond IF AND ONLY IF:

A. The address is within the lirnits selected by 52.
B. The CPU has selected a memory bank corresPonding to the

settings of Sl.

III-3. tf the board is to be operated in bank select, place the switches of Sl
in the desired bank ( see Table IV).

CAUTION

DO NOT HAVE MORE TI{AN ONE SWITCH OF S1 SELECTED ON AT ANY TIME.
MULTIPLE ON SETTINGS WILL CONFUSE THE BOARD.
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TABLE IV. BANK SWITCH SETTINGS OF 51

SWITCH BANK

t?34
ON OFF OFF OFF
OFF ON OI.F OFF
OFF OFF ON OFF
OFF OFF OFF ON
OFF OFF OFF OFF
OFF OFF OFF' OFF
OFF OTF OFF OFF
OFF OFF OFF OFF

rv. GEIERAL

567
OFF Or.F OFF
OFF OFF OFF
OFF OFF OFF
OFF OFF OFF
ON OFF OFF
OFF ON OFF
OFF OFF ON
OFF OFF OFF

I
OFF
OFF
OFF
OFF
Or.F
OFF
OFF
ON

0
I
2
3
4
5
6
7

Iv-t.ThewAMEcoINCoRPoRATEDproductyoYhlv:purchasedhasan
r:nconditiorr"f go"*it.. g""a fo: a peri'od of nineiy (90) days frol.n date of

purchase frorn y;;; deaGr agai-nst^defects in rnanufacturing. Upon receipt

of the board uy wev6co INdORPORATED, pre-paid freight or rnailing' the

board will be 
"t 

u.ifofty replaced an4 ygul shipping charges refunded' The

guaranty is lirniied to replicernent of lne board-wiih att equivalent board even

;;;gh tie board. may be defective through negligence in rnanufacturing or

through other fault.

IV-z. For future reference, a print of the front and back traces of the EPM-Z

is shown (see figures 8A and B).

IV -3. We sincerely hope that the EPM-2 wilt give you long and satisfactory
ser.rice. If you harre aniy problerns with the EPM-2, or if you just want to

cornrnent on ih. board, ptla"t write to me personally'

Qo,r^(,.JGlrF
Norrn Walters
President
WAMECO INCORPORATED
310? Laneview Drive
San Jose, Cz. 95132
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